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This study is a description and analysis of the effect of criterion-

referenced test data on the acquisition of math skills and the mastery of

selected objectives in fifth-grade students.

The first chapter includes the introduction, statement of the problem,

purposes of the study, statement of the hypotheses, background and

significance., definition of terms, limitations, basic assumptions, and

procedures for collecting data.

The second chapter is a review of the literature pertaining to

criterion-referenced testing and also includes a review of studies utilizing

criterion-referenced test material.

The third chapter describes the population being studied, the in-

struments used to measure achievement, and procedures for treatment

of the data.

The fourth chapter presents an analysis of the data collected for

the study and a discussion of the findings.

The fifth and final chapter presents a summary of the study, findings,

conclusions, and recommendations pertaining to future research in the



utilization of criterion- referenced testing.

The subjects in this study were sixty, fifth-grade students attending

Lakeland Elementary in the Lewisville Public School System who

comprised the experimental group and sixty, fifth-grade students at-

tending Central Elementary in the same district, who comprised the

control group. The Comprehensive Test of Basic Skills (Form G -

Level 2), and the Prescriptive Mathematics Inventory (Aqua Level),

were administered to both groups, with the pretest occurring in

September, 1973 and the posttest being administered in April, 1974.

Analysis of covariance and chi square goodness of fit were the tech-

niques used to analyze the data statistically.

Significant change was found to take place in the experimental

group in mastering a greater proportion of the objectives selected for

this study.

The socio-economic level and educational background of the parents

of the subjects in this study proved to be a significant factor in mastering

the objectives selected for this study.

The hypotheses utilizing the Comprehensive Test of Basic Skills,

were all rejected. Two things may be assumed. The test may not

have been sensitive enough to pick up changes that occurred during

the year. Secondly, it might be assumed that the direction of the in-

structional program came from the 113 objectives selected by the

teachers prior to the school year. These particular objectives were

covered specifically in the Prescriptive Mathematics Inventory, but



not in the Comprehensive Tests of Basic Skills.

The results of the study indicate need for the following recommen-

dations:

1. It is recommended that a more broadened study utilizing

criterion-referenced data be pursued. That a comparison of students

within the same school and within the same grade level be conducted.

2. It is recommended that the possibility of multi-grade achievement

comparisons utilizing criterion-referenced materials be considered.

Grades four through seven might be observed in different schools with

the campuses switching out in their roles as experimental and control

groups.

3. It is recommended that follow-up studies be conducted on a

group of students who have utilized the total criterion-referenced

testing program in math. Such studies should be longitudinal in

nature, if at all possible.
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CHAPTER I

INTRODUCTION

For more than half a century, tests have been an important tool in

the educational process in America. The whole science of psychomet-

rics has developed around their use, and professional psychologists

have long created tests for sale to schools. These tests were designed

to measure academic achievement, aptitude, interest, or personality

traits. Unable to make absolute measurements on these qualities, the

tests measured the examinee by comparing him with other examinees.

These standardized tests basically provided a kind of relative measure.

Our society has initiated a demand for some absolute measures

to tell a parent, or any other interested party, what the student himself

can do. . . not just how good he is when compared to others. Teachers

have made their own tests to determine whether or not the student has

mastered the material taught in the classroom. These tests do not, in

many cases, have the objectivity that is needed to assure the outsider

of the student's attainment of prescribed objectives.

To meet this need, criterion-referenced tests are now being devel-

oped by professional test makers to replace the traditional norm-

referenced tests. A criterion-referenced test is a test in which every

item is directly identified with an explicit educational objective, usually

1
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stated in behavioral terms. Its purpose is to determine which objectives

have been mastered by the examinee. This type of testing provides

great hope and assistance to the teacher who has labored to provide

individual instruction for the students with little diagnostic and pre-

scriptive information to guide the teacher.

It is not always possible to tell a norm-referenced test from a

criterion-referenced test by looking at it. According to some authors

a criterion-referenced test could also be used as a norm-referenced

test (16). They do not, however, believe that the reverse is possible.

By simple definition, a norm-referenced test is one used to deter-

mine an individual's performance in relationship to the performance of

other individuals on the same test. The meaningfulness of the individual

score is derived from comparing the scores. It is because the indi-

vidual is compared with some normative group that such measures are

described as norm-referenced. Nearly all standardized test of

achievement can be classified as norm-referenced measures (16).

Criterion-referenced results are those used to determine an

individual's status with respect to some stated criterion. It is because

the individual is compared with some established criterion, rather

than other individuals, that these measures are described as criterion-

referenced. The meaningfulness of an individual score is not dependent

on comparison with other student's scores. We want to know what the

individual can do, not how he stands in comparison to others. Criterion-

referenced tests are devised to make decisions both about individuals
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and treatments (11).

Statement Of The Problem

This study was designed to assess and compare the progress of

two randomly selected groups of fifth-grade students in their effort to

master predetermined math skills and objectives. The experimental

group utilized the total criterion-referenced testing program along

with other resources while the control group was deprived only of

the criterion-referenced program. The results of the experiment

assisted administratively in providing a cost analysis of the criterion-

referenced program. Results of the study will be made available to

the education service centers and the Texas Education Agency.

Purpose Of The Study

The purposes of this were:

1. To determine if a group of fifth-grade students who were

exposed to a total criterion-referenced testing program did in fact

acquire a greater mastery of math skills and objectives than those not

exposed to the program as measured by pre and post-tests in the

Prescriptive Mathematics Inventory (PMI) and the Comprehensive Test

of Basic Skills (CTBS). For the purpose of this study a total criterion-

referenced program included the results of the test, a diagnostic matrix

on each child, a class grouping, a prescription for review correlated

to available texts, and interim testing.
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2. To determine if the educational and socio-economic

background of the student's parents statistically affected the rate at

which the student mastered certain prescribed objectives as measured

by the P.M.I.

3. To assist the Texas Education Agency and the Regional

Service Centers as they assess the value of criterion-referenced

tests.

4. To determine if the sex of the student is statistically

significant in mastering these predetermined math objectives as

measured by the P.M.1I.

Hypotheses

To carry out the purposes of this study, the following hypotheses

were formulated:

I. Major Hypothesis

The experimental group of students who utilize the total battery

of criterion-referenced tests plus available textbook materials will

demonstrate a greater proportion of mastery on the stated instructional

math objectives desirable for fifth-grade students than will the control

group utilizing only the available textbook materials for the same set

of objectives.

II. Secondary Hypotheses

A. Students involved in the total criterion-referenced

W--I..,".d.&.i4t.,ww&.Id*"
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testing program will score significantly higher (.05 level) on the

CTBS math achievement tests than those students in the control

group who do not participate in the criterion-referenced testing

program.

B. Students in the two groups whose parents belong in the

higher socio-economic group and whose parents have achieved the

highest level of formal education will score significantly higher on

the Comprehensive Test of Basic Skills than will the students in

in the two groups whose parents possess the least amount of formal

education and whose parents represent the lower socio-economic

group.

C. Students in the two groups whose parents belong in the

higher socio-economic group and whose parents have achieved the

highest level of formal education will master a greater proportion

of the study's objectives as measured by the Prescriptive Mathematics

Inventory than will the students in the two groups whose parents

possess the least amount of formal education and whose parents

represent the lower socio-economic group.

D. Females in the two groups will score significantly higher

on the Comprehensive Test of Basic Skills than will the males in

both groups.

E. Girls in the two groups will master a greater proportion
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of the study's objectives as measured by the Prescriptive Mathematics

Inventory than will the boys in the two groups.

Background And Significance
Of The Study

For more than half a century, tests have served as important

tools in the educational process in America. As early as 1895, J. M.

Rice, a noted educator, had developed a highly technical and scientific

spelling test, thus making him a pioneer in the field of measurement

(18). Prior to World War I, the most prominent figure in educational

measurement was Edward Lee Thorndike. One of his early great

works was his book on statistical methods (23). Perhaps Thorndike's

greatest contribution was his recognition of individual differences

and his efforts to identify these differences through the utilization of

testing (12).

With the advent of World War I, it became readily discernable

that there were no adequate tests for the appraising and classifying

of men. The War Department requested more appropriate and mean-

ingful tests and Arthur S. Otis responded with his Army Alpha verbal

test, which proved effective for the Armed Forces and it also gained

widespread use in the schools as well (13). Another movement of the
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post-war period was the utilization of survey tests. The first stan-

dardized survey test was the Stanford Achievement Test. Originally,

the test was designed for use at the elementary level and with revisions

is still being used today (12).

During the post-World War II period, guidance tests gained a

wide-spread popularity. The Rorschauch Test was one of the most

widely used by the Armed Forces and it is still being used today by

many psychologists. The post-World War II era also witnessed the

rise of standardized tests in job placement which carried over into the

public schools. There were factors other than the war that contributed

to the increased importance placed on testing. In 1958, Congress

passed the National Defense Education Act which, among other things,

provided Federal funds for extensive testing. Again, in 1965, Congress

passed the Elementary and Secondary Education Act, which provided

Federal money for exemplary programs, but also made the process of

evaluation and accountability mandatory. There were at least two

nationwide testing programs which gave great impetus to educational

measurement, and brought to the attention of the general public the need

for reliable evaluations. These programs, which are going on today, are

Project Talent and National Assessment (12). Suffice it to say that

educational measurement has played an increasingly important role in

education during the past half century. With ever increasing techno-

logical advancements, the future need for evaluations looks very positive.

In the late 60's, the traditionally used standardized achievement
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tests or norm-referenced tests began to receive criticism from several

prominent educators. James Popham, of UCLA, and Robert Mager,

noted author and professor, were two of the more prominent educators

who verbally assaulted the norm-referenced tests (17, 9).

Standardized norm-referenced tests have received criticism for

several reasons. The tests contain a range of items of varying diffi-

culty. Ideally, all children should get some items correct and no child

should get all items correct. This provides a range for establishing

a child's relative position in relation to all other children who took the

test. Also, the items or questions in the test should be relevant to

the subject being tested. With norm-referenced tests, the relative

position for the pupil is more important than the material used for the

questions (10). It is because the individual is compared with some

normative group that such measures are described as norm-referenced

(15).

Criterion-referenced tests differ in many respects from the norm-

referenced tests. Robert Glaser appears to have introduced the term

criterion-referenced in one of his articles in the American Psychologist.

He described the criterion-referenced exam as, "a test that is deliber-

ately constructed to yield measurements that are directly interpretable

in terms of specific performance objectives" (7, p.520).

With criterion-referenced tests, the ability to rank children is not

of great concern. Rather, the focus is on the subject matter or know-

ledge that a child at a particular time is expected to have mastered (10).
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Also, the items for the test are directly related to the learning being

measured. Criterion-referenced tests involve the concept of mastery

rather than rank position with other children. An acceptable level of

performance might be established and all students would be expected

to perform at that level or relearning would be necessary (14). A

criterion-referenced test is one in which every item is directly iden-

tified with an explicit educational objective, usually stated in behavioral

terms. Its purpose is to determine which objectives have been mastered

by the examinee (15).

One author declared that criterion-referenced testing is the fastest

growing new technique for evaluating school achievement today (15).

The great impetus behind this new evaluation technique is the cry for

accountability being demanded by all areas of our society. Criterion-

referenced testing, declare its proponents, allows a school or district

to measure and report accomplishments well beyond the scope of

traditional tests.

Florida and New Jersey have already introduced criterion-

referenced tests in their statewide assessment programs and California

will soon do likewise. Many other states are also now in the process

of evaluating the new testing program and will likely adopt the program

within the next couple of years (8).

What are the advantages of the criterion-referenced tests over the

traditional norm-referenced tests? One author, William F. Brazziel,

University of Connecticut professor, declares that there are at least
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six distinct advantages. 1. Permit direct interpretation of progress

in terms of specified behavioral objectives. 2. Facilitates individua-

lized instruction. 3. Eliminate a situation where half of American

school children must always be below the median (or always "lose").

4. Enable teachers to check on student progress at regular intervals.

5. Eliminate pressures on teachers to "teach to the test" in order to

have children make a good showing. 6. Enable teachers to compile

a comprehensive record of the child's development and peg further

instruments at clearly identified points (2 pp. 52-53).

James H. Black, Stanford University, made the following obser-

vation:

If students are to be given the fullest opportunity for
self-development under our present school system,

each must be assured success in learning the basic
required skills . . . The key to providing this base
is the pinpointing and correcting of deficiencies in

each student's skill learning before related learning
is impaired. Norm-referenced measurements do
not provide sufficient information on what the student
has not learned to fulfill this function. Only criterion-
referenced measurements will suffice . . . The
potential of criterion-referenced measurements lies

in their ability to promote the learning of all (1 p. 292).

W. James Popham, one of the most prominent and influential

exponents of criterion-referenced testing, made the following statement

concerning norm-referenced tests:

You can't find out how well schools are working or how

well individual pupils are learning by using standardized
achievement tests . . . It's like trying to measure

mileage with a tablespoon. The use of a norm-referenced

test will often produce spurious data. There are two

basic faults with the norm-referenced tests; (1) its lack



11

of interpretability and (2) its psychometric properties.

Since the chief purpose of norm-referenced tests is to

permit comparisons among individuals, such tests must

produce variant scores . . . the more that pupil scores

can be spread out, the better (15 p. 11).

Dr. Barton B. Proger, Director of Evaluation and Dissemination,

Pennsylvania Resources and Information Center for Special Education,

made the following statement in connection with criterion-referenced

testing:

Criterion-referenced tests are interpreted differently
from both norm-referenced tests and teacher made

tests in that the criterion-referenced tests are judged

only relative to the child's own strengths and weaknesses

and the subject matter's importance and difficulty - not

to group performance. This procedure leads to more

realistic expectations for the child and more soundly

based decision making for the professional staff (17 p. 26).

Ray L. Sweigert, Jr., of the California State Department of

Education, in a speech made to the American Management Association,

made the following comment concerning criterion-referenced testing:

It is only through using criterion-referenced test that

it may be determined whether or not learning objectives

were in fact mastered. Criterion-referenced testing

is designed to measure a student's performance in terms

of the extent to which he has mastered a given set of

objectives, without reference to the performance of any

other student; whereas, norm-referenced testing is

designed to compare students with one another (22 pp.316-317).

The Texas Education Agency, under the leadership of Dr. J. W.

Edgar, State Commissioner., made the following statement concerning

criterion-referenced testing:

The criterion-referenced measurement instruments have

proven their value as a diagnostic tool which can be useful

to teachers in the improvement of instruction. They are
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also useful at the state level for needs assessment.

They are believed to have utility for evaluating the

effectiveness of instruction . . . (5)

In 1972, the Texas Education Agency utilized the criterion-

referenced tests published by CTB/McGraw-Hill, with over 170,000

sixth-grade students across Texas at a cost of close to half a million

dollars. This agency has demonstrated its support of the program by

again making it available in 1973-74 at a minimum expense to the

local school districts.

The efforts of the Texas Education Agency reflect a response to

society's demand for absolute measures to inform the parent, admin-

istrators, taxpayers, and even legislators what the student himself can

do - not just how good he is when compared to others.

Presuming that accountability is here to stay, one can assume that

the popularity and utilization of criterion-referenced tests has only

begun.

The primary direction of this study is to determine if the criterion-

referenced testing program does in fact enhance the mathematics

program of fifth-grade students.

Definition Of Terms

For the purposes of this study, the following definitions have been

formulated:

Criterion-Referenced Test - This is a test in which every item

is directly identified with an explicit educational objective,

usually stated in behavioral terms. Its purpose is to determine
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which objectives have been mastered by the examinee.

Norm-Referenced Test - This is a test devised to provide a

child a relative position in relation to all other children

who took the same test.

PMI - Prescriptive Mathematics Inventory - This is the criterion-

referenced math program being utilized for this study.

CTBS - Comprehensive Tests of Basic Skills - This is the norm-

referenced test being utilized in this study.

Limitations

The following limitations applied to this study:

1. The study was limited to 120 fifth-grade students housed in

two separate elementary schools.

2. The design of the study was limited by the fact that it was

difficult to ensure that the student populations of the two

schools were comparable in nature and background. However,

great care was taken to attempt to ensure that the groups were

comparable. It is realized that the extent to which the groups

were not comparable affected the internal validity of the

experiment.

Basic Assumptions

1. That all of the teachers in the study did work diligently and

professionally in trying to master the predetermined goals

selected by all of them.

2. The instruments that were used are valid and reliable for
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measuring the constructs in question.

3. That all data utilized in the study was handled in an honest and

professional manner.

Instruments

This study utilized two testing instruments and a student/

parent questionnaire. The two testing instruments used were:

1. CTBS - Comprehensive Tests of Basic Skills published by

CTB/McGraw-Hill

2. PMI - Prescriptive Mathematics Inventory published by

CTB/McGraw-Hill

Both of these instruments are explained in detail in this paper and

a copy of the student questionnaire is included as Appendix B.

Procedures For Collecting Data

Selecting The Sample - The subjects of this study were the 300

fifth-grade students attending Lakeland Elementary School and Central

Elementary School in the Lewisville Independent School District. Sixty

students from each campus were selected randomly for the study (24).

The basis for matching, to seek a high degree of comparability, were

as follows:

1. Similarity of Basic Instructional Program - Both the control

school and the experimental have similar instructional

programs in mathematics. They utilize the same textbooks,

teaching aids, materials and supplies. Personnel and

budget allocations have been made on the same basis in
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both schools.

2. Ethnicity of Students - There is no appreciable difference

in the ethnic composition of the two schools involved in the

study. There are seven black students in the control

group, and one black student in the experimental group.

3. Teacher Characteristics - Teachers involved in this study

from both schools have similar certification, degree level

and tenure backgrounds. All of the teachers possess

elementary certification. In the control group, there are

two teachers with Master's Degrees and average teaching

experience of 8.2 years. The experimental group has one

teacher with a Master's Degree and they average 10.4 years

of experience.

4. Educational Level - The results of the achievement scores

given to both campuses during the 1972-73 school year

indicated that the control group (Central Elementary School)

had an overall I. Q. average of 96.6, while the experimental

group (Lakeland Elementary School) had an overall I. Q. of

96.2. The I. Q. scores were derived from the CTBS (Com

prehensive Test of Basic Skills) administered to both schools

in September, 1972.

5. Socio-economic Status - Both of these schools qualified for

Title I funds in 1973-74. According to auditable information,

19 percent of Central Elementary's student population fell
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Title I funds in 1973-74. According to auditable information,

19 per cent of Central Elementary's student population fell

in the economically deprived category while 17.5 per cent

of Lakeland's student population were classified as econom-

ically deprived.

The students selected for the study from Central Elementary

School make up the control group. They were given both a pre-test

and a post-test in the Comprehensive Tests of Basic Skills and the

Prescriptive Mathematics Inventory. They were, however, deprived

of all feedback on the P.M.I. They received no test results, no class

grouping, no prescriptive measures, no individual or class matrix

and were given no interim tests. They were involved in a math program

that utilized only the textbook and other visual aides and supplementary

materials that had been utilized in the past. The Lakeland students,

who represent the experimental group, also were given a pre-test and

a post-test in the Comprehensive Tests of Basic Skills and the

Prescriptive Mathematics Inventory. They were, however, allowed

to utilize all of the information that the P.M.I. provides. The teachers

were given an individual matrix on each student showing his results.

They were provided with individual and group diagnostic information,

individual and group prescriptive information, class groupings and

interim testing. In addition to the information and assistance provided

by the P.M.I. the experimental group, as the control group, utilized

all available resource material within the district in pursuing their
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in the economically deprived category while 17.5 percent

of Lakeland's student population were classified as econom-

ically deprived.

The school selected to represent the control group was determined

by flipping a coin. Central Elementary School was selected as the

control group for this study. The students from Central Elementary

School were given both a pre-test and a post-test in the Comprehensive

Test of Basic Skills and the Prescriptive Mathematics Inventory.

They were, however, deprived of all feedback on the P. M. I. They

received no test results, no class grouping, no prescriptive measures,

no individual or class matrix and were administerd no interim tests.

They were involved in a math program that utilized only the textbook

and other visual aides and supplementary materials that had been

utilized in the past. The Lakeland Elementary School students, who

represented the experimental group, were also given a pre-test and

a post-test in the Comprehensive Test of Basic Skills and the Prescriptive

Mathematics Inventory. They were, however, allowed to utilize all

of the information that the P. M. I. provides. The teachers were given

an individual matrix on each student showing his results. They were

provided with individual and group diagnostic information, individual

and group prescriptive information, class groupings and interim testing.

In addition to the information and assistance provided by the P. M. I.

the experimental group, as the control group, utilized all available

resource material with the district in pursuing their math program.
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The pretesting program in both schools was completed during

the week of September 4-7. Posttesting was conducted during the

week of April 1-5.

It was not believed that the students and teachers in the control

group would experience any unusual pressures due to the experiment

since all they were doing out of the ordinary was participating in the

testing program.

In the experimental group it was thought that the teachers and students

would be more relaxed and feel less pressure if they were unaware of

who the 60 students selected for the study were. In order to prevent

anyone from knowing which students were selected at Lakeland Elementary

School, all of the fifth graders were pretested with the P.M.1I., and the

CTBS and all were given vocational questionnaires to be completed by

their parents. The teachers were not aware of who the 60 students were

until the posttest was administered in April.

The results of all the tests were machine scored in Iowa and

returned to the proper person to be dissiminated for this study.

To determine the educational background and income level of the

parents of the students involved in this study, a vocational questionnaire

was developed and sent home with a cover letter explaining the purpose

of the program, and requesting the cooperation of the parents. The

information provided in the questionnaire was utilized with the Socio-

Economic Status Scale developed by Duncan in 1961. This scale will
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be explained in detail in chapter three. (A copy of the questionnaire

is included in Appendix B)

Analysis Of Data

Hypotheses I, II C and E - A comparison of adjusted gain scores

for both the experimental and control group was utilized with the

criterion-referenced data. A chi square goodness of fit test was

used to determine if there was a significant difference in the adjusted

gain scores (6,pp. 172-176).

Hypotheses II A, B, and D - The magnitude of change between the

pretest and posttest of the Comprehensive Test of Basic Skills was

analyzed through the utilization of one-way analysis of covariance

(6, pp. 288-300).

Hypotheses II B, C, and D - When working with the norm-referenced

data obtained from the CTBS test scores, the statistical test utilized

was the one-way analysis of covariance (6).

Experimental Design

The experimental design was a pretest/posttest control group

design (3):

01 X 02

03 04

1. Experimental group - The experimental group included 60

students drawn from the total fifth grade population at the Lakeland

Elementary School in the Lewisville I. S. D. Each student was

assigned a number and the numbers were than selected at random
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from a table of random numbers until the 60 were chosen

(25,pp. 632-635).

2. Control group - The control group included 60 students chosen

from the entire fifth grade population at Central Elementary

School in the Lewisville I. S. D. Each student was assigned

a number and the numbers were then selected at random from

a specified table of random numbers until the 60 were chosen

(25,pp. 632-635).

Summary

The intent of this chapter was to state clearly the problem and to

present the purposes and significance of this investigation. Certain

hypotheses were formulated and the methodological procedures for

their testing were outlined.

Chapter two is a comprehensive review of the literature relevant

to the problem under investigation.
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CHAPTER II

SURVEY OF THE LITERATURE

CRITERION-REFERENCED MEASUREMENT DEFINED

Most experts agree that the term criterion-referenced test can be

attributed to Robert Glaser. Glaser first used the term in connection

with his proficiency measurement in training (36). He later applied

the term to cover the measurement of educational achievement (37).

Glaser's concern about the kind of achievement information required

to make instructional decisions appears to have motivated him in the

pursuit of criterion-referenced measurement. He was concerned,

for example, with what competencies an individual needed in order to be

successful in the next sequential course. There was also, in Glaser's

estimation, a need for test information to determine the adequacy of

the instructional procedure. Glaser believed that tests which provided

achievement information about an individual only in terms of how the

individual compared with other members of the group, or which pro-

vided at best only sketchy information about the degree of competence

he possessed with respect to some desired educational outcome, were

not sufficient to make the kinds of decisions necessary for effective

instructional design and guidance (37).

Glaser summerized his conception of criterion-referenced

23
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measurement with the following statement:

A criterion-referenced test is one that is deliberately

constructed to yield measurements that are directly
interpretable in terms of specified performance
standards. Performance standards are generally
specified by defining a class or domain of tasks that
should be performed by the individual. Measurements
are taken on representative samples of tasks drawn
from this domain, and such measurements are referenced
directly to this domain for each individual measured.
(36, p. 520)

A. J. Nitko, noted psychologist, in one of his numerous articles on

evaluation described criterion-referenced tests as those tests that yield

scores that are directly interpretable in terms of specified performance

standards. He further declared that a criterion-referenced test is one

that is deliberately constructed to give scores that tell what kinds of

behaviors individuals with these scores can demonstrate. In short, the

term "criterion" in criterion-referenced tests refers to content as in

the familiar terms content validity (60, p. 3).

Nitko theorized that there are four characteristics inherent in all

criterion-referenced tests:

1. The classes of behaviors that define different achievement

levels are specified as clearly as possible before the test is

constructed.

2. Each behavior class is defined by a set of test situations

(that is, test items or test tasks) in which the behaviors can be dis-

played in terms of all their important nuances.
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3. Given that the classes of behavior have been specified and

that the test situations have been defined, a representative sampling

plan is designed and used to select the test tasks that will appear on

any form of the test.

4. The obtained score must be capable of expressing objectively

and meaningfully the individual's performance characteristics in

these classes of behavior (60,pp.3-4).

University of Connecticut professor, William Brazziel described

criterion-referenced testing as having at least six distinct advantages.

They are:

1. Permit direct interpretation of progress in terms of specified

behavioral objectives.

2. Facilitates individualized instruction.

3. Eliminate a situation where half of those students tested must

always be below the median.

4. Enable teachers to check on student progress at regular

intervals.

5. Eliminate pressures on teachers to "teach to the test" in order

to have children make a good showing.

6. Enable teachers to compile a comprehensive record of the

student's development and peg further instruments at clearly identified

points (11, pp. 52-53).



26

Criterion-referenced tests are designed to provide information

in terms of specific behaviors mastered by individuals without

reference to the performance of other pupils. If one believes that the

primary task of a teacher in the classroom is to bring about change in

the learner then the criterion-referenced instructional approach may

prove of great value to that individual instructor. This form of

evaluation does provide in-depth diagnostic information and does facilitate

utilization of individualized instruction. Criterion-referenced evaluation

proponents do not claim it to be the panacea of education nor do they

advocate replacing all other forms of evaluation. It is, however, an

additional instructional tool that if developed and utilized properly by the

instructor, can provide invaluable information which in turn can give

direction and relevance to the learning process.

Criterion-Referenced Measurement
Versus Norm-Referenced Measurement

It is not always possible to tell a norm-referenced test from a

criterion-referenced test by looking at it. At the most elementary

level, norm-referenced measures are those which are used to determine

an individual's performance in relationship to the performance of other

individuals on the same measuring device. The meaningfulness of the

individual score emerges from the comparison. It is because the

individual is compared with some normative group that such measures

are described as norm-referenced. Most standardized tests of

achievement or intellectual ability can be classified as norm-referenced

(72).
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Criterion-referenced measures as explained previously are used

to determine an individual's status with respect to some criterion or

performance standard. It is because the individual is compared with

some specific criterion, rather than other individuals, that these

measures are described as criterion-referenced. The value of an

individual score is not dependent on a comparison of scores made by

others taking the same test. Criterion-referenced scores attempt to find

out what the individual can do, not how he stands in comparison to

others. A good example of this type test was vividly illustrated by W.

James Popham in an article written in 1969. Popham described a dog

owner who wanted to keep his dog in the back yard might give his dog a

fence-jumping test. The owner wants to find out how high the dog can

jump so that he can build a fence high enough to keep the dog in the yard.

How the dog compares with other dogs is irrelevant for this particular

situation (72,p. 2)

Norm-referenced evaluation techniques are devised to assist in

comparisons among individuals and their primary responsibility is to

make decisions about individuals. Almost all of the available aptitude

and achievement tests can be classified as norm-referenced because

they are designed to measure individual differences. The meaning

which can be attached to any particular score depends upon a comparison

of that score to some relevant norm distribution. A norm-referenced

test is constructed specifically to maximize the variability of test scores,
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since such a test is more likely to produce fewer errors in ordering

the individuals on the measured ability (42, 59, 72). There are many

decisions that can be made about individuals through the use of norm-

referenced scores. In many cases it facilitates the decision-making

processes to know how an individual's competition scored on the same

test.

Criterion-referenced tests are designed to make decisions both

about individuals and the instructional program. Information from the

criterion-referenced test might, for example, be used to determine

whether an individual has mastered particular objectives (59, 64, 72, 78).

Criterion-referenced tests can also be used to evaluate the effectiveness

of instruction. Norm-referenced tests given at the end of a course are

not generally as effective for making evaluative decisions on the success

of instruction because they are not designed to fit the instructional

objectives. Criterion-referenced tests, however, are useful to those

working with curriculum because of the specificity of the results to the

instructional objectives (42, 44, 60, 64, 72).

B. S. Bloom, noted author, declared that the criterion for determining

the quality of a school and its educational functions would be the extent

to which it achieves the objectives it has set for itself (8). Criterion-

referenced tests by their design are better suited to evaluate the effec-

tiveness of a school's instructional program (18).
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James H. Black, professor at Stanford University, declared that if

students are to be allowed the fullest opportunity for self-development

under the present educational system, each must be assured success in

the learning of the required skills. Black believes the key to providing

this base is the pinpointing and correcting of deficiencies in each

student's skill learning before related learning is impaired. Black

stated that norm-referenced measurements do not provide sufficient

information on what the student has not learned to fulfill this function.

Criterion-referenced measurements will suffice. The potential of

criterion-referenced measurements lies in their ability to promote the

learning potential of all (6).

W. James Popham, one of the most prominent and influential

exponents of criterion-referenced testing, made the following comparison

of the two evaluation techniques-.

You can't find out how well schools are working or how well
individual pupils are learning by using standardized achievement...
It's like trying to measure mileage with a tablespoon. The use
of a norm-referenced test will often produce spurious data.
There are two basic faults with the norm-referenced tests: (1) its

lack of interpretability, (2) its psychometric properties. Since
the chief purpose of norm-referenced tests is to permit com-
parisons among individuals, such tests must produce variant
scores.... the more the pupil scores can be spread out, the

better (67 p. 10).

Dr. Barton B. Proger, Director of Evaluation and Dissemination,

Pennsylvania Resources and Information Center for Special Education,

made the following statement in comparing criterion-referenced testing



30

with norm-referenced evaluation. He stated that, "Criterion- referenced

tests are interpreted differently from both norm-referenced tests and

teacher made tests, in that the criterion-referenced tests are judged

only relative to the child's own strengths and weaknesses and the subject

matter's importance and difficulty,not to group performance. This

procedure brings about more realistic expectations for the child and more

soundly based decision making for the professional staff" (73, p. 13).

Ray L. Sweigert, Jr., of the California State Department of Education,

in a speech made to the American Management Association, made the

following comment which summarizes the basic difference between

criterion-referenced testing and norm-referenced testing: "It is only

through using criterion-referenced tests that it may be determined

whether or not learning objectives were in fact mastered. Criterion-

referenced testing is designed to measure a student's performance in

terms of the extent to which he has mastered a given set of objectives,

without reference to the performance of any other student; whereas,

norm-referenced testing is designed to compare students with one

another (80,p.316).

Are criterion-referenced measurement procedures better than

norm-referenced measurements? This question can only be resolved

by examining the context within which the measurement information is

needed and how it will be utilized. One must also consider what effect

the measurement results will have on instructional decision-making.
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If a given situation requires selectivity or relative comparisons among

groups of individuals, then the norm-referenced test would be most

appropriate. If, on the other hand, one is interested in whether or

not an individual possesses a certain competency or has mastered a

specified objective; and there are no restrictions on the number who

can possess these skills, criterion-referenced techniques would then

be appropriate.

One must examine his situation and decide the type of feedback that

is most desirable. Regardless of which evaluation technique is utilized,

the feedback should be useful, usable information that will enhance the

instructional decision-making process.

Variability And Item Selection

Popham and Husek in their article declared that variability is the

core of the difference between norm-referenced scores and criterion-

referenced tests. Because the meaningfulness of a norm-referenced

score is basically dependent on the relative position of the score in

comparison with other scores, the more variability in the scores, the

better. As the authors pointed out, with a norm-referenced test, you

want to be able to tell John from Mary from Suzie, and we find more

security in telling them apart if their scores are very different (72).

With criterion-referenced tests, however, variability is of little

consequence. The meaningfulness of a score is not dependent on a

comparison with other scores. The meaning of the criterion-referenced
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score is derived from the link between the items and the criterion

(18, 42, 59, 72).

Since comparisons among individuals are of little or no interest

when utilizing a criterion-referenced test, a person writing this type

of test is not concerned with developing a test to maximize the variance

within test scores. The criterion-referenced item writer attempts to

have the test items accurately reflect the criterion behavior being

tested. As one author pointed out, it is not necessarily important

whether the question is difficult or easy, discriminating or indiscriminate;

but it is very important that the item represent the class of behaviors

delimited by the criterion (72, p.4) Obviously, the writer who constructs

items for a norm-referenced test is seeking variability. To accomplish

this variability the test writer often makes concessions which will help

his cause. It has been said "the norm-referenced test writer disdains

items which are too easy or too hard. He tries to increase the allure

of wrong answer options. All of this he does to produce variability.

Occasionally this overriding criterion may reduce the adequacy of the

instrument, for even spurious factors may be incorporated in items

just to produce variance" (72,p.4).

Suffice it to say that variability is not of great concern in developing

and analyzing criterion-referenced evaluation. The primary concern is

that of making sure that the items selected for the test reflect the

criterion or behavior being measured.
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Reliability, Validity And Item Analysis

All measurement experts agree that criterion-referenced exams

should be internally consistent. Since the reliability coefficient depends

primarily on variance of test scores which you may or may not have in

criterion-referenced measurement, it is very difficult to determine

internal consistency in this type of test. One might, on given occasions,

obtain a zero internal consistency with a criterion-referenced test. Such

a result would be frowned upon if norm-referenced tests were being

utilized; however, it is not such an unusual occurance with a criterion-

referenced test and would not necessarily mean the test was bad (42).

It is reasonable to say that typical indices of internal consistency

are not always appropriate for criterion-referenced tests. Many times

an alternate approach to internal consistency needs to be developed. One

such approach was made by R. C. Cox and G. T. Graham in 1966, when

they reported the use of the coefficient of reproducibility as an alternative

to the classical approach to reliability estimation for a specific type

of criterion-referenced test. They calculated the coefficient for a

sequentially scaled achievement test designed for use in an instructional

model where performance objectives can be identified as being sequential

in nature (16).

Validity of criterion-referenced exams, as in the case of

reliability, would in most cases have to be determined by non-correlational

techniques. In many cases, the procedure for assessing the validity of

norm-referenced measurement is based on correlations and, therefore,
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on variability. Criterion- referenced instruments are validated often

on how well they represent the criterion they are measuring (42, 59).

A criterion-referenced test must have content validity. According to

Popham and Husek, content validity is determined by "a carefully made

judgment, based on the test's apparent relevance to the behaviors

legitimately inferable from those delimited by the criterion" (72, p. 6).

R. C. Cox in a 1970 article, suggested the use of experimental

procedures to establish validity of a criterion-referenced test. For

example, given that teaching is effective, one might determine the

construct validity of a criterion-referenced test by observing the

difference in performance between students who have been exposed

to instruction, and those who have not (17).

Item analysis, just as reliability and validity, is difficult to

determine in criterion-referenced measurement. In a norm-

referenced exam, an unsatisfactory item would be one discriminated

between the more and less knowledgeable learners. Non-discriminating

items are usually those which are too easy, too hard or ambiguous

(53, 59, 64, 72).

These discrimination indices must be modified in criterion-referenced

tests. An item which does not discriminate need not be eliminated.

According to Popham and Husek, even if an item fails to discriminate,

it should remain in the test as long as it reflects an important attribute

of the criterion (72).
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W. James Popham, in his book, Criterion-Referenced Instruction,

stated that it is important to note in connection with criterion-

referenced measurement, that one is attempting to produce "reliable"

tests; that is, tests which adequately measure the attainment of

predetermined objectives. The kind of validity that one is most con-

cerned with is "content validity. " Content validity is based on the

judgment of experts regarding the relationship between test items and

the objectives they are designed to measure. He further declared that,

"content validity, as indicated, is, therefore, a judgmental operation,

and is of course greatly facilitated through the use of explicitly stated

measureable objectives" (64, p. 43).

Opposing Views And Limitations
Of Criterion-Referenced Measurement

The preponderence of research on criterion-referenced measure-

ment is of a positive nature. There are, however, a number of noted

authorities in the field of measurement that are critical of criterion-

referenced measurement. One of the leading opponents of criterion-

referenced measurement is Robert L. Ebel, noted authority in the field

of measurement. Ebel declared that there are at least three major

limitations within criterion-referenced measurements. 1. They do not

tell us all we need to know about achievement. 2. They are difficult to

obtain on any sound basis. 3. They are necessary for only a small

fraction of important educational achievements (26, p.3).
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Ebel criticized the scale used in criterion-referenced measurement.

He pointed out that this was one of the major differences between norm-

referenced testing and criterion-referenced measurement. In norm-

referenced measurement the scale is usually anchored in the middle

on some average level of performance for a particular group of indi-

viduals, whereas, in criterion-referenced measurement the scale is

usually anchored at the extremities. A score at the top of the scale

indicates total mastery of some defined abilities while a score at the

bottom indicates complete absence of these defined abilities. Ebel

believes the pendulum will begin to swing back to the norm-referenced

tests. While strongly favoring norm-referenced testing, Ebel does

admit that criterion-referenced measurement does provide some

useful information. He believes that criterion-referenced measures

tell us in meaningful terms what a man knows or can do. They do not,

according to Ebel, tell us how good or poor his level of knowledge or

ability may be. He further believes that excellence or deficiency are

necessarily relative concepts and cannot be defined in absolute terms.

Ebel also stated his opposition to all specific objectives. Ebel con-

cluded his opposition speech with the following comments:

Criterion-referenced measurement may be practical in those
few areas of achievement which focus on cultivation of a high
degree of skill in the exercise of a limited number of
abilities... .Given the assumption of mastery as a goal, this
justification is logically unassailable. But, should mastery
be the goal? At first glance it is most attractive. Partial
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learning cannot possibly be as good as complete
learning. Only a goal that is fully attained can be
fully satisfying.. .It is dangerously misleading to hold
that educational objectives ought to be stated in be-
havioral terms... The purpose of education is to equip
the individual to behave more effectively of his own
volition in response to future needs and circumstances.. .
In a dynamic society of free men, the purpose of
education can never be to mold the student's behavior
into conformity with specifications decreed in advance by
his teachers. It is the cultivation of intellectual re-
sources, not the cultivation of specific behavior patterns,
that ought to be regarded as the essential purpose of
education (26, p. 8).

Stephen P. Klein of the Center for the Study of Evaluation at the

University of California, Los Angeles, declared that "normative test

results can't be ignored in realistically appraising instructional

programs." He argued that test results need to be reported in both

norm and criterion-referenced terms. He stated, "consider a

situation in which 90 per cent of the students master a program's

objectives in the time allotted. This sounds impressive, but suppose

that equally able students in other programs could achieve this same

objective in half the time and that what was defined as mastery was

merely one point above the chance score. " The essence of Klein's

logic is that in any situation, your interpretation of the evaluation

results would change depending upon norm and criterion data provided.

It is then evident according to Klein, that you must have both kinds of

data in order to reach a valid conclusion (48, p. 37).

Another measurement authority, Eva L. Baker, also of UCLA,

declared that criterion-referenced tests can seriously mislead teachers
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and administrators by seeming more precise than they are. She

further stated that criterion-referenced tests are often not as precise

as they look. "A test which measures the child's ability to derive

meaning from paragraphs by answering questions, " according to Dr.

Baker, "will surely miss a range of paragraph and question complexity

which critics feel is important. But because an objective has been

written, it may appear to a user, such as a school board, that there

is a great deal of specificity in the goal and thus someone--teachers--

should know enough to achieve it" (4, p. 37).

Thomas J. Fitzgibbon, vice-president of Harcourt, Brace, Janovich,

predicted that hasty state evaluation programs could cause great

damage to testing. He went on to say, "often conceived in an environ-

ment of suspicion, gestated during a period which sees legislators,

school administrators and teachers increasingly hostile to one another,

and finally, forcibly delivered because of unreal time constraints, they

(state programs) can cause great harm to the criterion-referenced

movement, in fact, all testing" (31, p. 37).

Fitzgibbon also declared that the major misconception of these

criterion-referenced testing programs is that anyone can write a good

test item if objectives are spelled out; also, that good items can be

devised in a short period of time, and that "putting the test together

is an easy proposition. " He summarized his feelings by urging states

to exercise caution in implementing criterion-referenced testing
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programs (31, p.37).

William Brazziel, University of Connecticut professor, in a

1972 article cited four disadvantages to criterion-referenced measure-

ment. 1. Reporting systems will vary and must be interpreted for

children moving into new districts. 2. Further work must be done on

constant validation--on whether the given test items are measuring

progress accurately. 3. Comparisons of performances of school

districts are not yet readily available. 4. Materials for teaching

toward specified objectives must always be available if tests are to

be valid (11, p.53).

There are also some critics who believe that criterion-referenced

tests measure only the cognitive domain and ignore the affective

domain (42,p. 5).

The critics of criterion-referenced measurement do not advocate

doing away with all criterion-referenced measurement. They are

simply flashing a caution light and urging individuals to procede slowly.

Evaluation techniques should be determined by the proposed program

and objectives. The evaluation design that will provide the clearest

picture of the success or failure of a particular program is the design

that should be utilized.

Research Studies Utilizing

Criterion-Referenced Measurement

One study utilizing criterion-referenced measurement was
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conducted at Southern Illinois University in 1969. The following

account describes the experiment and the results.

During the winter quarter of 1969, the undergraduate educational

psychology class at Southern Illinois University at Carbondale was re-

organized under the direction of Dr. Gerald J. Blumenfeld and began

registering students for sections of approximately 300. All sections

employed an instructional program characterized by weekly instructional

objectives, weekly exams, remedial exams, and a point system.

Specific details varied according to the disposition of the instructors

teaching a section. One section imposed a rather high criterion (85%)

for receiving passing credit for weekly exams. In this section, 95 per

cent or more of the students not meeting the criterion on the initial

test would return for the remedial exam. Approximately 90 per cent

of the students in this section received a grade of "A" for the course.

In sections that did not impose such a high creiterion, only 25 per cent

of the students who could profit from the remedial exam would return.

About 30 per cent of the students in these sections received a grade

"A" for the course. Since these data were gleaned from records in-

volving different instructors, objectives, exams, students and quarters,

it was decided to collect such data in a more rigorous manner. It was

assumed that the percentage of the students not attaining the passing

criterion on the initial exam but returning for the remedial exam that

week would be greater for a high criterion condition, and that the high

criterion condition would also result in a greater percentage of students
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attaining the criterion.

During the winter quarter of 1970, one section of the course was

divided into two groups. The groups were assigned to alternating

conditions which varied the criterion required for receiving passing

credit on the weekly exams composed of 20 multiple choice items.

Each student selected his seat for the term during the second meeting

of the class. After seats had been selected, students were informed

that rows A, C, E, etc. , were in Group I, and rows B, D, F, etc.,

were in Group II.

All students received a semi-programmed explanation of the course

organization during the first week and were not given credit for other

work until they had answered correctly 18 of 20 items on a test covering

the organization. Only seven students failed to pass this exam the

first time. The program informed students of the weekly routine and

of the two point systems. Monday would involve lectures or films;

Tuesday, the initial exam and distribution of objectives for the following

week; Wednesday, no class; Thursday, a remedial lecture and discussion

period; Friday, the remedial exam. Attendance was never required.

All exams were projected using overhead transparencies prepared

with large primary type. Two sequences of the same items were pro-

jected simultaneously. Students assigned to odd numbered seats

answered the items projected onto the left screen; students assigned

to the even numbered seats answered items appearing on the right screen.
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Each student kept a record of his answers on a one-inch strip of colored

paper he retained. In addition, he recorded answers on a docutran

sheet which was scored by an optical scanner. Immediately after

collecting the docutran sheets, the instructors either projected or

distributed a scoring key. An attempt was made to facilitate study for

the remedial exam by identifying the objective that each item was in-

tended to assess. Test items were not made available for study, and

remedial exams contained at least 50 per cent new items. Each

student's official score was printed on a computer listing and posted

before class on Thursday.

One scoring procedure was called the class point system. Under

this condition, initial and remedial exams were scored as follows:

Initial Test Remedial Test

Raw Score Class Points Raw Score Class Points
16-20 4 17-20 3
11-15 1 14-16 1
10or less 0 13 or less 0

Points from the initial and remedial exams were additive, but four

was the maximum number of class points awarded for any one week.

The second scoring procedure, called the absolute point system,

credited each student with his raw score. If he came back for the re-

medial exam his score for the week was the higher score of the two

exams. At the end of the term, all class points accumulated were

multiplied by five and added to the points accumulated from raw scores

under the absolute point system. A letter grade was assigned using the
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following scale:

Total Points Accumulated Letter Grade
(class points X 5 plus raw score points)

155 to 180 A
135 to 154 B
115 to 134 C
95 to 114 D

below 95 F

The final grade was raised one letter if the student's score on a

required comprehensive final was 80 percent or more and lowered

one letter if the final exam score was less than 60 percent.

Beginning with the first unit exam administered during the second

week, the two groups were assigned to the two criterion conditions as

follows:

Week Unit Group I Group II

2 1 class points absolute points
3 2 class points absolute points
4 3 absolute points class points
5 4 absolute points class points
6 5 class points absolute points
7 6 class points absolute points
8 7 absolute points class points
9 8 absolute points class points

No student was allowed to take the remedial exam unless he had

taken the initial exam. Students were excused for missing the initial

exam and permitted to make it up only if they had a legitimate reason

that was documented.

Replications

Attempts to replicate the study were made during the spring and
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summer sessions of 1970. In both cases, the same instructors

and procedures were used. Data for the first five weeks of the spring

quarter was obtained. It is in substantial agreement with that col-

lected during the winter even though the campus and civil disorders

that eventually resulted in closing the school on May 12th, disturbed

normal routines for nearly half the time school was open that quarter.

One hundred sixty-one students were involved in the study during

the summer rather than 300 as in other quarters. Approximately 40

additional students enrolled for the summer volunteered for a special

readings section of the course and were not included in the study.

Volunteers were solicited during other quarters, but the percentage of

volunteers taken out of the large section was quite small. The summer

data is also consistent with that obtained during the winter. Seven of

the eight comparisons involving percentage of students who returned to

take the remedial exam were in the predicted direction. Six of the

eight comparisons involving percentage of students attaining the criterion

on either the initial or remedial exam were in the predicted direction.

It is interesting to note that once again, the reversals that did occur

were in the first two weeks.

Discussion

The consistency in the direction of the differences suggests rather

strongly, that the differences are reliable ones. However, it is also

interesting that each time the data was collected the percentage of

students using the remedial opportunity increased for those not required
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to attain a high criterion. One could assume that exposing a student to

both conditions would moderate the effects. The winter data is con-

sistent with this assumption. However, if such a moderating effect

exists, it is not evident in the summer data. The percentage of

students using the remedial exams during the summer was close to

that obtained when a high criterion was imposed for the entire term.

This could have been the result of a different population. It is pos-

sible that the summer students were more studious. Or one might

assume that the disruptions on campus during the spring tended to

suppress non-studying behaviors during the summer. It is also pos-

sible that operating with remedial exams for a year and a half

resulted in students learning about the exams and beginning the sum-

mer course with the expectation of taking advantage of such opportunities.

Altogether, 19 out of 21 comparisons indicate that a larger percentage

of students who could profit from a remedial exam take that exam when

a high criterion is imposed. Sixteen out of 21 comparisons indicate that

a larger percentage of students attain a high criterion when only minimal

credit is given for lower scores. These data suggest that the effect and

expense required to provide optional remedial opportunities may have a

greater effect upon student utilization and achievement if relatively

high criterion-referenced testing programs are employed concurrently

(8,pp. 1-11).
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The Texas Education Agency's
Needs Assessment Study

The 1971 Texas Assessment of Reading and Mathematics is one

of a series of assessment studies being conducted by the Texas

Education Agency with the cooperation of regional education service

centers and schools. These studies are a part of the Long-Range

Plan for Needs Assessment in Texas that has the purpose of estab-

lishing the status of students in reference to the Goals for Public

School Education in Texas.

Rationale

Developing the competencies of students in reading and mathe-

matics has been a goal of all public schools because student mastery

of skills and concepts in these two areas is considered a prerequisite

for attaining other student development goals. Little information

about student performances in relation to specific reading and mathe-

matics skills and concepts has been made available to curriculum

planners at the local, regional or state levels.

The study conducted by the Texas Education Agency provided

evaluative information about mathematics objectives that can be con-

sidered "basic" for students to master in order to function in society,

as distinguished from those objectives that "desirable" for some

students to master.

Objectives

The objectives for the 1971 Texas Assessment of Reading and
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Mathematics follow:

. To provide educators in participating schools useful information

about the performances of their pupils relative to specific skills and concepts

in reading and mathematics. The degree to which this objective is met

will be determined through the use of questionnaires presented to school

personnel.

. To develop through the use of criterion-referenced testing a

more universal understanding of, and a positive attitude toward, the

use of this diagnostic and prescriptive information with students. Eval-

uation of the accomplishment of this objective will be measured through

the use of questionnaires sent to teachers.

. To develop sets of basic objectives for the areas of reading and

mathematics that will be useful for program planners and can serve as

benchmarks for later assessments. The degree to which this objective

is accomplished will be determined by surveying educational planners.

. To furnish regional education service center (ESC) personnel

with summary information about the performances of pupils in their

regions relative to specific skills and concepts in reading and mathematics.

The usefulness of this information will be determined from personal

interviews with ESC personnel.

. To furnish Texas Education Agency personnel with state summary

information about the performance of pupils on a selected set of reading

and mathematics objectives. The usefulness of the state summary in-

formation for Agency divisions will be evaluated through structured
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interviews with staff members within the divisions.

. To disseminate information from the assessment that will be

useful for. .

. pre-service and in-service teacher education programs

up-dating educational programs for reading and

mathematics including programs for different

population groups

planning programs to alleviate educational needs

Procedures

During the spring of 1971, a pilot study was conducted in one region

of Texas to determine whether or not the proposed reading and mathe-

matics assessment instruments would yield results that were useful to

teachers for the classroom instruction of pupils. Also considered was

whether results from these same instruments would produce summative

information that could be used by personnel in regional education service

centers and the Texas Education Agency. The pilot study was used to

evaluate the methods of communicating about assessment information,

delivering assessment materials, and returning test results to schools.

Teachers in the schools that participated in the pilot study were surveyed

to determine their perceptions about the assessment results and the use-

fulness of the information they received from the tests for classroom

planning.
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An evaluation of the methods and instruments used for conducting

the pilot study and the survey about the usefulness of test results for

classroom instruction showed some changes should be made for the

statewide assessment. Two major alterations were made. A criterion-

referenced reading test was developed for the statewide assessment

project since the standardized diagnostic reading test did not yield

enough information about pupil mastery of specific skills and concepts.

A grade level instead of an age group of students to be assessed was

selected because most schools have students grouped by grades.

The students that participated in the assessment project were

those at the sixth-grade level. This level of the pupils' educational

experience was chosen for assessment because at this point in the

pupils' progress through school they would have been exposed to most

of the basic skills and the usual tendency for some students to drop out

of school would not have begun. It was assumed, then, that by assessing

the performances of sixth graders, a better representation of pupil

performances would be obtained.

TheTexas Education Agency wanted the information that was col-

lected to serve a dual role of assisting in instruction in the classroom

as well as providing a statewide assessment. The sampling procedure

chosen was that of selecting a sample of schools representative of the

state and then assessing the total sixth-grade population in these schools.
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Part of the rationale for conducting the assessment was to

determine pupil performances in relation to a common set of specific

objectives for both the areas of reading and mathematics. It was

decided that the information from a testing program that reported re-

sults in terms of a comparison of pupils would not provide enough

specific information for curriculum planners to use in renewing or de-

veloping programs. As a result, criterion-referenced test instruments

were chosen for the study because this type of testing is designed to

measure the relationship between stated objectives and student mastery

of these objectives. In order to gather additional information about

students that could be combined with the students' test scores for

further analysis of the assessment results at the state level, a one

page questionnaire was developed to be administered with the test

instruments.

The test instruments and the one page questionnaire were admin-

istered by the staff of each school that participated in the assessment

study. No special arrangements were made by the staff of the regional

education service centers or the Texas Education Agency to administer

the tests in schools. Since the tests were designed as "power tests"

(tests to measure a level of performance unaffected by the speed of

response, so no time limit is imposed), it was recommended, at pretest

workshops and in literature sent to schools that the tests be administered

during the regular class time scheduled for mathematics.

It is impossible to assess the performance of students in every skill



51

or concept area for mathematics, so a selection procedure was used.

The objectives for mathematics were chosen from the major skill or

concept areas treated in the state-adopted textbooks. The textbook

analysis and objective writing tasks were performed by the test con-

tractor. These objectives were then reviewed by the mathematics

consultants at the Texas Education Agency and adopted for use in this

assessment study. In addition, in order to gain further insight about

the objectives, it was decided to start to develop a listing of mathe-

matics objectives that could be considered to be "basic" or "desirable"

that could be used in later assessments, and that would be useful for

the development of objectives under the Goals for Public School

Education in Texas.

The Assessment Instruments

The Prescriptive Mathematics Inventory - Level B (PMI-B) - This

criterion-referenced mathematics test published by CTB/McGraw-Hill

was chosen for this assessment. The PMI-B was designed to measure

student mastery of 212 mathematics objectives in 33 general areas of

mathematics. The objectives were derived through an analysis of the

major series of mathematic textbooks that are used in schools including

the five series of textbooks on the state-adoption list in Texas. They

include skills and concepts usually covered in mathematics to the end of

the sixth grade level. For the PMI-B one test item is used to measure

mastery of each objective. A type of open-ended response to the test
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items is incorporated into the test design to help eliminate guessing

since the one-to-one ratio of item to objective is used. The students

write their responses to items on a space in the answer grid and then

code their answers for scoring purposes. This test has no time limit

and is designed to be administered in the classroom during the regular

period for mathematics instruction. The PMI-B was administered to

22,055 sixth-grade students through this assessment study.

The Pupil Identification Form (PID) - A one page form developed by

the Texas Education Agency was used in this study in order to gather

additional demographic data about students that were not requested in

personal data sections of the test. Also, the PID included some

perceptional questions for students to answer. The information col-

lected through this form was combined with the students' test scores

to provide additional variables for the analysis of the assessment data.

Through use of the PID, the Migrant Education Section and the Special

Education Division of the Agency were able to gather some information

about students in the assessment enrolled in their programs. Some of

the results from questions asked on the PID have not been reported

separately but were combined to form an Educational Emphasis Index.

The teachers were asked to verify the student's responses to the

ethnicity, migrant program, and special education program questions

but were not asked to check the other questions about student perceptions.
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Summary

In the fall of 1971, the Prescriptive Mathematics Inventory (PMI)

Level B and a Pupil Identification Form (PID) were administered to

the 22,055 pupils enrolled, at the sixth-grade level, on a representative

sample of Texas campuses.

The results from the PMI were reported in terms of the percentage

of pupils marking the correct response for each of 200 objectives. Each

correct response reflected achievement of a mathematics objective.

The objectives were derived through content analysis of mathematics

textbooks. The PID asked each pupil to indicate his sex and ethnicity,

to respond to several items regarding the educational emphasis of his

home, and to indicate whether he feels he is good in arithmetic and

whether he feels he is good in reading.

Panels of mathematics teachers and of mathematics experts were

asked, independently, to rate the objectives as "basic" or as "desirable"

those objectives selected as "basic" were presented in the report.

Since presentation of the item used as the measure of achievement

for each of the 209 objectives would have been voluminous, only 21 ob-

jectives were selected as representative. The item for measuring the

achievement of each representative objective was presented in their

report.

In addition, the pupils performance on each of the 209 objectives

of the PMI was analyzed on the basis of pupil characteristics (obtained

through the PID) and according to the characteristics of the campuses
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on which the pupils were enrolled.

Wide variations in achievement were found among the objectives--

22 were achieved by less than 2 percent of the pupils but 14 of the 209

objectives were achieved by at least 70 percent of the pupils. Ap-

proximately one-quarter of the objectives were achieved by at least

half the pupils; another quarter were achieved by less than 10 percent

of the pupils.

For each of the objectives, wide variations in performance were

found among pupils of various ethnic groups, among pupils from cam-

puses serving communities of various sizes and types, and between

pupils from homes having high and low educational emphasis. On half

of those objectives achieved by at least 50 percent of the pupils, the

percentage of achievers among the "other" (primarily Anglo) pupils

was at least double the percentage of achievers among the Black pupils.

The general pattern was for pupils on campuses serving suburban com-

munities to have the highest percentage of achievers, followed in order

by those on campuses serving cities of less than 20, 000 population, rural

areas, cities of 200,000-500,000 populations, and cities of over 500,000

population. Pupils on campuses not participating in Title I, Elementary

and Secondary Education Act, evidenced only a slightly, but consistently,

superior performance on the objectives. On most of the objectives the

girls had a higher percentage of achievement than the boys. Interesting

departures from the predominant performance patterns described above
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were found in the case of some objectives (80,pp. 1-12).

Summary And Conclusion

There are many different methods and approaches within the learning

and decision-making processes. Likewise, there are many types of

measurement which foster and enhance decisions in these areas. It is

absurd to discuss the strengths and weaknesses of criterion-referenced

evaluation or norm-referenced measurement in a vacuum. The strength

of any testing program rests in its ability to provide us useable and

reliable information that can be utilized in designing relevant educational

activities. With this age of accountability, one must seek all avenues

which might provide meaningful information to the decision maker whether

it be student., teacher, administrator, curriculum designer, or the

general public.

In conclusion, one can state that mastery and diagnostic exams

supplement and compliment standardized tests in educational evaluation.

Neither evaluation technique purports to be consistently superior to

the other. Each technique is more adequate in given situations. Edu-

cators will be faced with the challenge of determining which evaluation

system best meets their objectives and will most accurately reflect

their needs. It is not a question of retaining one system of evaluation

and discarding the other. The concerned educator will have to determine

the appropriate time for utilizing each of the common techniques.
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CHAPTER III

EXPERIMENTAL DESIGN AND
PROCEDURES FOR TREATMENT

The purpose of this chapter is to describe the experimental study

which was conducted. The chapter is divided into five sub-sections:

the description of the subjects involved in the investigation, the in-

struments utilized to evaluate the effectiveness of each program, the

procedures used in the collection of data, the method of determining

socio-economic background of parents, and the report of the sta-

tistical treatment given the data.

Description Of The Sample

The subjects involved in this study were 120 fifth-grade students

attending school in the Lewisville Independent School District. Lewisville

is a rapidly growing school district located on Interstate 35 between

Dallas and Denton. There are a total of five elementary schools, two

middle schools, and a high school in the district. Enrollment in the

Lewisville School District exceeds 6,000 students. Most of the students

are from middle class homes.

Subjects selected for this study were fifth-grade students attending

either Central Elementary or Lakeland Elementary. Lakeland and

Central were selected as the schools for the study because of the simi-

larity in the past achievement levels of their students, their similar
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teaching methods, the number and qualifications of the teachers

involved in the study, and also because of the similarity of the

population from which the students come.

There were a total of 135 fifth graders attending Lakeland

Elementary School which for the purpose of this study represents the

experimental group. The control group or Central Elementary School

had a total of 142 fifth-grade students. Sixty students were selected

randomly for the experimental group at Lakeland Elementary School.

Likewise, 60 students were selected randomly at Central Elementary

School for the control group.

The sex breakdown of the two groups was as follows: the experimental

group had 29 males and 31 females, the control group had 30 males

and 30 females.

Of the 120 students beginning the study, all 120 finished the year

and took the final achievement tests.

Instruments

The standardized norm-referenced achievement test selected for

the study was the Comprehensive Test of Basic Skills (Form G--Level 2).

Level 2 is designed for grades 4, 5, and 6. The CTBS tests are

developed for national use by students who have been taught by different

approaches. The test items should be answered as readily by students
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taught by a traditional approach as by those who were taught by any

of the newer approaches.

Selections for the tests were chosen and items were written by

classroom teachers of the grades included in the four levels of the

tests, in cooperation with curriculum and testing specialists. This

was done to increase the probability of well constructed items in the

language of the students, appropriate in complexity to the grade levels

for which the tests were designed (1).

Tests 6, 7 and 8 were the specific tests included in the CTBS Form

G, Level 2 administered to the subjects in the study. To standardize

the items in the test a national sample of 18,000 students from all

parts of the country took the exam on two different occasions (1, p. 6).

The three parts of the CTBS utilized for this study are described

briefly as follows:

1. Test 6 - Arithmetic Computation

Test 6 consists of 48 items equally distributed among the
four fundamental operations: addition, subtraction, multi-
plication, and division. The test is arranged with four
items in addition appearing in the first column, four items
in subtraction in the second column, four items in multi-
plication in the third, and four items in division in the fourth
column, etc., in successive columns. The operation for
each column and the symbol for the operation is included
in each item. This arrangement was selected so that each
student, regardless of his speed of performance, may be
tested in all four operations without providing for a
separately-times unit for each operation.

2. Test 7 - Arithmetic Concepts

Test 7 presents 30 items measuring the ability of the student
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to recognize and/or apply the appropriate concept and
technique (method, operation, structure, formula,

principle); the ability to convert concepts expressed
in one numerical, verbal, or graphic form to another
form; the ability to comprehend numerical concepts
and understand their interrelationships; and the ability
to organize all facts in more complex problems. The
content of Tests 7 and 8 includes a variety of categories
of items based on the number system (integers, fractions,
percents, decimals), measurement (money, time,
length, volume, temperature), algebra, geometry,
statistics, and logic.

3. Test 8 - Arithmetic Applications

Test 8 presents 20 items in which the emphasis is placed
upon problem solving. The tasks required in this test
involve the ability to comprehend the problem, select the
appropriate method for solving, organize all facts in total
problems of a more complex nature, and solve for the
correct answer (1, pp. 7-8).

Criterion-Referenced Test

The criterion-referenced test used in this study was the Prescriptive

Mathematics Inventory, which is based on a comprehensive inventory

of learning objectives of the mathematics curriculum for Grades 4

through 8. These objectives are stated in behavioral terms in order to

communicate the outcome of some unit of instruction. The outcome of

learning can be identified as something the student is able to do following

instruction that he was unable to do before instruction in terms of first,

what capability the learner has gained as a result of instruction, and

second, the specific performance which such a capability makes possible.

Each item in the test is a measure of the student's mastery of a specific

learning experience designed to overcome the weaknesses.
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Five different reports are furnished. Two of them, the Individual

Diagnostic Matrix and the Class Diagnostic Matrix were developed to

present the diagnosis of student performance in mathematics. The

other three reports, the Individual Study Guide, the Class Grouping

Report, and the Master Reference Guide, fulfill the prescriptive

function of the test by prescribing learning experiences for individuals

and for groups of students to help them overcome their mathematics

deficiencies.

These reports and supplemental components facilitate the following

purposes of the PMI:

1. Individual diagnosis of strengths and weaknesses in mathematics

in terms of the specific objectives of mathematics instruction.

2. Individual prescription of learning experiences to overcome

deficiencies in mathematical skills.

3. The planning of small group instruction to overcome deficiencies

shared by only a few students in the class.

4. Efficient organization of instruction in the classroom to meet the

most prevalent needs of the class as a whole.

5. Individual evaluation of the attainment of specific mathematics

objectives after a period of instruction.

6. The evaluation of different materials or methods used to teach

mathematics when the specific objectives of instruction are the same

(3, p. 8).
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The author of the Prescriptive Mathematics Inventory began his

development of the test with a thorough analysis of the mathematics

textbooks most widely used in the United States in grades 4 through 6.

From this analysis he prepared a list of all objectives that seemed

appropriate to the content of the texts.

He organized this list of 351 objectives into smaller groups, such

that there was considerable coherence among the objectives in each

group. Labels for some of these groups are as follows: addition, sub-

traction, mathematical sentences, measurement, geometry, statistics

and probability, etc. Then, he prepared a test item for each objective

so that it met the two requirements necessary for every item in a

criterion-referenced test.

A unique answer grid was devised by the author to minimize the

factor of chance. It is highly unlikely, therefore, that the examinee

will be able to guess the correct answer to most items. The greatest

probability of an examinee's guessing the answer to any item in the PMI

is 1 in 8. For many items, the chance is less than 1 in 1 ,000,000

(3, pp. 8-9).

Collection Of The Data

In August of 1973, the fifth-grade teachers at Lakeland Elementary

and Central Elementary were brought together and asked if they would

participate in an experimental design to determine the effectiveness of
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a criterion-referenced testing program in mastering math objectives.

The objectives to be utilized were selected by the teachers from a list

of objectives covered in the currently adopted math materials for the

fifth grade. The teachers selected 113 objectives as appropriate for

their fifth graders.

During the week of September 4th-8th, 1973, the sixty students in

the control group at Central Elementary were tested with the Compre-

hensive Test of Basic Skills and the Aqua level of the Prescriptive

Mathematics Inventory.

The teachers at Lakeland were not told who the sixty students

selected for the experimental group were until the post-testing in the

spring. All of the fifth-grade population at Lakeland took the CTBS

and the Aqua Level PMI, during the week of September 4th-8th, 1973.

All of the pretests were machine scored in Iowa with only Lakeland

receiving the full results of the PMI.

Throughout the year, both schools practiced ability grouping and

had similar curriculum materials available to work with. The primary

exception in the program was that the Lakeland teachers received the

total feedback provided by the criterion-referenced testing program

including an individual report on how each student did on each objective,

a class matrix, a grouping matrix, a diagnostic prescription on each

student, and interim testing to be used periodically during the year.
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Twenty-four weeks of instruction were completed before posttests

were given to both groups. The posttest data obtained from the CTBS

and the PMI was analyzed to see if there were significant differences

in the rate of learning.

Determining Socio-Economic Background Of Parents

Each of the fifth-grade subjects were given a questionnaire to be

filled out by their parents. The questionnaire (See Appendix B) was

designed to find out specifically the vocations of their parents. The

questionnaire also requested the formal education level of the parents.

With the assistance of the teachers there was a 100 percent return of

the questionnaire. The information provided by the questionnaire was

then interpreted with the assistance of an occupational status measure

developed by the United States Census Office. Of the nine occupational

status measures discussed by the authors in their book, Measures of

Occupational Attitude and Occupational Characteristics, they stated

that the "Duncan Socio-Economic Status Scale" was superior to the

other eight methods discussed (3 p.337). The Duncan method assigns

points for socio-economic status. These points are then used to

determine the level of formal education and estimated income. There

are eleven different vocational divisions within the Duncan scale. Each

of these divisions goes into great detail describing the job catagories

within each division. The major divisions are as listed below.
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1. Professional, technical, and kindred workers

2. Managers, officials and proprietors, except farm (self-
employed and salaried)

3. Managers, officials, and proprietors (salaried only)

4. Managers, officials, and proprietors (self-employed only)

5. Clerical and kindred workers

6. Sales workers

7. Craftsmen, foremen, and kindred workers

8. Operatives and kindred workers

9. Service workers, except private household

10. Private household workers

11. Farmers and farm managers (not laborers and foremen)

12. Farm laborers and foremen

13. Laborers, except farm and mine (3, pp. 370-383)

The point variances extend from 0 for a laborer in the tobacco

industry to 96 for a dentist (3,p.370). The following average scores

for the general Census Bureau were given.
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TABLE I

Scores For Categories Of Major Occupation Groups

Category

Professional, technical, and kindred workers
Managers, officials, and proprietors, except farm
Clerical, sales, and kindred workers
Craftsmen, foremen, and kindred workers
Operatives and kindred workers
Service workers, including private household
Laborers, except farm and mine

TABLE II

Scores For Categories Of Years Of School Completed

Category

College:

High School:

Elementary:

None

5 or more
4
3
2
1
4
3
2
1
8
7
5 and 6
3 and 4
1 and 2

Score

90
81
71
58
45
34
20

Score

98
93
89
86
83
67
49
42
34
23
13
08
04
02
01

Il

I I li

I I
IgnM

I i I
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TABLE III

Scores For Categories Of Family Income
(Or Income Of Persons Not In Families)

Category

$25, 000 or more
$15,000 to $24,999
$10,000 to $14,999
$ 9,500 to $ 9,999
$ 9,000 to$ 9,499
$ 8,500 to $ 8,999
$ 8,000 to $ 8,499
$ 7,500 to $ 7,999
$ 7,000 to $ 7,499
$ 6,500 to $ 6,999
$ 6,000 to $ 6,499
$ 5,500 to $ 5,999
$ 5,000 to $ 5,499
$ 4,500 to $ 4,999
$ 4,000 to $ 4,499
$ 3,500 to $ 3,999
$ 3,000 to $ 3,499
$ 2,500 to $ 2,999
$ 2,000 to $ 2,499
$ 1,500 to $ 1,999
$ 1,000 to $ 1,499
$ 500to $ 999
Loss, none, or less

100
98
94
89
87
84
81
78
74
69
63
57
49
41
34
27
21
17
12
08
05
03
01

After the questionnaires were returned by the subjects, a tabulation

of the scores were made. Each student was assigned a score based on

the information contained in the questionnaire. After the points were

assigned to the experimental and control group, both groups were divided

Score

than $500
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into a high and a low group. There were twenty students placed in each

group. The test results of the top twenty students in both the experi-

mental and control groups were then compared with the test results of

the lower twenty students in each group to determine if there was a

significant difference in the rate of learning within the two groups.

Treatment Of The Data

Subjects in both groups were administered both the pretest and

the posttest in the Comprehensive Tests of Basic Skills and the

Prescriptive Mathematics Inventory - Aqua Level. Both of the tests

are designed and produced by McGraw-Hill.

Raw scores were obtained from the results of the CTBS exams.

Analysis of Covariance was used to test Hypotheses II A, B, and D,

dealing with ordinal data. The .05 level of significance was used.

The PMI results were reported in terms of proportions of students

mastering the pre-determined 113 objectives. A comparison of adjusted

gain scores for the experimental and control groups was used to test

Hypothesis I. A within group comparison of adjusted gain scores was

used to test Hypotheses II C and E. A chi square goodness of fit

procedure with one degree of freedom was used to test the significance

of the adjusted gain scores. Negative slips were omitted when occurring

in both groups. Calculations dealing with raw score data and utilizing

analysis of Covariance were performed on an IBM 360 computer, lo-

cated at the North Texas State University Computing Center, Denton,
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Texas. The adjusted gain scores derived from the criterion-referenced

scores were done by hand as was the chi square goodness of fit test.

Summary

In order to secure the data utilized in this study, a standardized

achievement test and a criterion-referenced test were administered to the

120 subjects in the form of a pretest in September of 1973, and a post-

test in April of 1974. The two groups were composed of 60 students,

each randomly selected from a total population of 277 students.

Simple analysis of covariance was used to treat the ordinal data

resulting from the standardized achievement test. The nominal data

obtained from the criterion-referenced tests was analyzed by a com-

parison of adjusted gain scores. The chi square goodness of fit test

was used to determine if the proportional gains were significant.

Hypotheses were tested at the .05 level of significance.

In Chapter IV, the results of the statistical treatment of the data

will be discussed in detail.
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CHAPTER IV

PRESENTATION OF THE DATA

The purpose of this chapter is to present and analyze the statistical

findings of this study. The criterion-referenced test data was analyzed

by the chi square goodness of fit technique. The norm-referenced data

was analyzed by the analysis-of-covariance technique. A significance

level of .05 was required for acceptance of the hypotheses.

Analysis Of Data

In Hypothesis I, it was predicted that the adjusted proportional gain

scores would be significantly greater in the experimental group than in

the control group. The chi square goodness of fit test used to analyze

this hypothesis is presented in Table I.

TABLE I

CHI SQUARE GOODNESS OF FIT ANALYSIS
OF ADJUSTED GAIN SCORES

Group 0 E O-E (0-E)2 (O-E)2
E

Experimental 80 53 27 729 13.75

Control 26 53 -27 729 13.75

TOTAL 106 106 0.00 X2 =27.50

Inspection of Table I indicates that out of a possible 106 expected

adjusted gain scores, the experimental group made greater gains on

77
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80 of the 106 objectives. The X2 of 27.50, with one degree of freedom,

is significant at the .05 level and is also significant at the . 001 level.

Because of the significant chi square, Hypothesis I was accepted.

In Hypothesis II-A, it was predicted that the magnitude of change

between pretest and posttest scores on the Comprehensive Test of

Basic Skills, would be significantly greater in the experimental group

than in the control group. The pretest, posttest, and adjusted mean

scores used to test this hypothesis are shown in Table II.

TABLE II

PRETEST, POSTTEST, AND ADJUSTED MEAN
SCORES BETWEEN EXPERIMENTAL AND

CONTROL GROUPS

Group N Pretest Posttest Adjusted
Mean Mean Mean

Experimental 60 57.6833 73.8500 71.7358

Control 60 51.0333 66.9833 69.0975

The pretest mean score of the experimental group was larger than

that of the control group by 6.6500. The adjusted mean score for the

experimental group was 71.7358, while the control groups adjusted

mean was 69.0975. The data for the sum of squares, mean square,

degrees of freedom, F ratio, and level of significance used to test

this hypothesis are presented in Table III.
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TABLE III

ANALYSIS OF COVARIANCE ON COMPREHENSIVE TEST
OF BASIC SKILLS BETWEEN

EXPERIMENTAL AND CONTROL GROUPS

Sum Of Mean F
Squares Square DF Ratio P

Between 201.1875 201.1875 1 2.1309 0.1470

Within 11046.4648 95.4142 117

TOTAL 11247. 6523----------- 118 -------------

Inspection of Table III indicates that the F ratio did not reach the

required level of significance. The hypothesis is, therefore, rejected.

This indicates that the magnitude of change between pretest and post-

test scores on the Comprehensive Test of Basic Skills was not

significantly greater in the experimental group than in the control group.

In Hypothesis II-B, it was predicted that the students in the ex-

perimental group, whose parents fell in the highest socio-economic

level and possessed the most advanced formal education, would score

significantly higher on the Comprehensive Test of Basic Skills, than

those students composing the lowest group. The pretest, posttest, and

adjusted mean scores used to test this hypothesis are shown in Table IV.

TABLE IV

PRETEST, POSTTEST, AND ADJUSTED MEAN SCORES
BETWEEN HIGHER SOCIO-ECONOMIC EXPERIMENTAL GROUP

AND LOWER SOCIO-ECONOMIC EXPERIMENTAL GROUP

Group N Pretest Posttest Adjusted
Mean Mean Mean

Experimental-High 20 55.4500 73.7500 75.7183

Experimental-Low 20 60.9000 76.0000 74.0316
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The adjusted mean score of the experimental high group was 75.7183.

The adjusted mean score for the experimental low group was 74.0316.

The data for the sum of squares, mean square, degrees of freedom, F

ratio and level of significance used to test significance of this hypothesis

are presented in Table V.

TABLE V

ANALYSIS OF COVARIANCE ON COMPREHENSIVE TEST
OF BASIC SKILLS BETWEEN HIGH EXPERIMENTAL

GROUP AND LOWER EXPERIMENTAL GROUP

Sum of Mean F
Squares Square DF Ratio P

Between 27.5781 27.5781 1 0.6678 0.4190

Within 1527.9844 41.2969 37

TOTAL 1555.5627 ------- 38 ------ ------

Inspection of Table V indicates that the F ratio did not reach the

required level of significance. The hypothesis is, therefore, rejected.

This indicates that the magnitude of change between pretest and posttest

scores on the Comprehensive Test of Basic Skills was not significantly

greater in the experimental high group than it was in the experimental

low group.

Hypothesis II-B also predicted that the student in the control group

whose parents fell in the highest socio-economic level, and whose parents
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possessed the highest formal education would also score significantly

higher on the Comprehensive Test of Basic Skills than those students

in the control group whose parents represented the lowest group. The

pretest, posttest, and adjusted mean scores used to test the hypothesis

are shown in Table VI.

TABLE VI

PRETEST,, POSTTEST,, AND ADJUSTED MEAN SCORES
BETWEEN HIGHER SOCIO-ECONOMIC CONTROL GROUP

AND LOWER SOCIO-ECONOMIC CONTROL GROUP

Pretest Posttest Adjusted
Group N Mean Mean Mean

Control-High 20 51.0500 68.2500 67.7456

Control-Low 20 49.3000 63.1500 63.6544

The pretest mean score of the control high group was 1. 7500 higher

than the control low group. The adjusted mean scores show that the

control high group equaled 67.7456, while the control low group

adjusted mean was 63.6544. The data for the sum of squares, mean

square, degrees of freedom, F ratio, and level of significance used to

test the significance of this hypothesis are presented in Table VII.
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TABLE VII

ANALYSIS OF COVARIANCE ON COMPREHENSIVE TEST
OF BASIC SKILLS BETWEEN HIGH SOCIO-ECONOMIC

CONTROL GROUP AND LOWER SOCIO-ECONOMIC
CONTROL GROUP

Sum of Mean F
Group Squares Square DF Ratio P

Between 166.9609 166.9609 1 1.3019 0.2612

Within 4744.8555 128.2393 37

TOTAL 4911.8164 -------- 38-------- -------

Inspection of Table VII indicates that the F ratio did not reach the

required level of significance. The hypothesis is, therefore, rejected.

This indicates that the magnitude of change between pretest and posttest

scores on the Comprehensive Test of Basic Skills was not significantly

greater in the control high group than in the control low group.

It was predicted in Hypothesis II-C, that the adjusted proportional

gain scores would be significantly greater within the group of students

in the experimental group whose parents possessed the highest socio-

economic standing and the highest level of formal education. The chi

square goodness of fit test used to analyze these hypotheses are pre-

sented in Table VIII and Table IX.
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TABLE VIII

CHI SQUARE GOODNESS OF FIT ANALYSIS OF
ADJUSTED GAIN SCORES

(O-E)2

Group 0 E O-E (O-E) 2  E

Experimental (Top 20) 58 43 15 225 5.23

Experimental (Low 20) 28 43 -15 225 5.23

TOTAL 86 86 00 --- X2=10. 46

TABLEIX

CHI SQUARE GOODNESS OF FIT ANALYSIS OF
ADJUSTED GAIN SCORES

(O-E)2
Group 0 E O-E (O-E)2  E

Control (Top 20) 56 43.5 12.5 156.25 3.59

Control (Low 20) 31 43.5 12.5 156.25 3.59

TOTAL 87 87 00.0 ----- X2 =7.18

Inspection of Table VIII indicates that out of a possible 86 expected

adjusted gain scores, the top 20 students in the experimental group made

the highest gains on 58 of the objectives while the 20 students in the low

group made greater gains on only 28 of the objectives. The chi square

of 10.46 with one degree of freedom is significant at the .05 level.

Table IX indicates that out of a possible 87 expected adjusted gain

scores, the top 20 students in the control group made the highest gains
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on 56 of the objectives while the 20 students in the low group made

larger gains on 31 of the objectives. The chi square of 7. 18 with

one degree of freedom is significant at the .05 level. Because of

significant chi squares in both Table VIII and Table IX, Hypotheses

II-C was accepted.

In Hypothesis II-D, it was predicted that the females in both the

experimental and control group would score significantly higher than

the males on the California Test of Basic Skills Inventory.

The pretest, posttest and adjusted mean scores in Table X was

used to determine the magnitude of change on the CTBS by both females

and males in the experimental group.

TABLE X

PRETEST., POSTTEST, AND ADJUSTED MEAN SCORES
BETWEEN FEMALES IN THE EXPERIMENTAL GROUP

AND MALES IN THE EXPERIMENTAL GROUP

Pretest Posttest Adjusted
Group N Mean Mean Mean

Females-Experimental 31 59.0000 74.7097 73.8346

Males-Experimental 29 56.2758 72.9310 73.8665

The pretest mean score of the females in the experimental group

was 2.7242 higher than the males in the experimental group. The adjusted

mean score of the females in the experimental group was 73.8346. The

adjusted mean for the males was 73.8665. The data for the sum of

squares, mean square, degrees of freedom, F ratio, and level of

significance of this hypothesis are presented in Table XI.
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TABLE XI

ANALYSIS OF COVARIANCE ON COMPREHENSIVE TEST OF
BASIC SKILLS BETWEEN FEMALES IN THE EXPERIMENTAL
GROUP AND THE MALES IN THE EXPERIMENTAL GROUP

Sum of Mean F
Squares Square DF Ratio P

Between 0.0142 0.0142 1 0.0003 0.9869

Within 2964.2451 52.0043 57

TOTAL 2964. 2593 -------. 58

Inspection of Table XI indicates that the F ratio did not reach the

required level of significance. The hypothesis is, therefore, rejected.

This indicates that the magnitude of change between pretest and posttest

scores on the Comprehensive Test of Basic Skills was not significantly

greater in the experimental female group than in the experimental male

group.

Hypothesis II-D also predicted that the females in the control group

would score significantly higher than the males on the Comprehensive

Test of Basic Skills. The pretest, posttest and adjusted mean scores

in Table XII were used to determine the magnitude of change on the

CTBS by both female and male in the control group.
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TABLE XII

PRETEST., POSTTEST, AND ADJUSTED MEAN SCORES
BETWEEN THE FEMALES IN THE CONTROL GROUP AND

THE MALES IN THE CONTROL GROUP

Pretest Posttest Adjusted

Group N Mean Mean Mean

Control-Females 30 53.4000 68.2667 66.8170

Control-Males 30 48.6667 65.7000 67. 1497

The pretest mean score of the females in the control group was

4.7333 higher than the males in the control group. The adjusted mean

scores show that the females in the control group scored 66.8170. The

adjusted mean score for the males was 67. 1497. The data for the sum

of squares, mean square, degrees of freedom, F ratio, and level of

significance used to test the significance of this hypothesis are presented

in Table XIII.

TABLE XIII

ANALYSIS OF COVARIANCE ON COMPREHENSIVE TEST OF
BASIC SKILLS BETWEEN THE FEMALES IN THE CONTROL

GROUP AND THE MALES IN THE CONTROL GROUP

Sum of Mean F
Squares Square DF Ratio P

Between 1.6289 1.6289 1 0.0115 0.9149

Within 8055.9297 141.3321 57

TOTAL 8057. 5586----------58 ------ ------
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Inspection of Table XIII indicates that F ratio did not reach the

required level of significance. The hypothesis is, therefore, rejected.

This indicates that the magnitude of change between pretest and post-

test scores on the Comprehensive Test of Basic Skills was not sig-

nificantly greater in the control female group than in the control male

group.

Hypothesis II-E predicted that the females in the two groups will

master a greater proportion of the study's objectives than the males, as

measured by the Prescriptive Mathematics Inventory. The chi square

goodness of fit tests used to analyze Hypothesis II-E are presented in

Tables XIV and XV.

TABLE XIV

CHI SQUARE GOODNESS OF FIT ANALYSIS
OF ADJUSTED GAIN SCORES

2 (O-E
0 E O-E (O-E) E

Experimental Females 41 54 -13 169 3.13

Experimental Males 67 54 13 169 3.13

TOTAL 108 108 0.00 ---- X 2=6.26

Inspection of Table XIV indicates that out of a possible 108 expected

adjusted gain scores, the females in the experimental group managed to

make the higher gains on only 41 of the objectives. The males in the

experimental group, however, obtained greater gains on 67 of the
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objectives. The chi square of 6.26 with one degree of freedom is

significant at the .05 level for the males, but not for the females.

Hypothesis II-D involving the experimental group was rejected as

it was originally stated.

Hypothesis II-E predicted that the females in the two groups will

master a greater proportion of the study's objectives than the males

as measured by the Prescriptive Mathematics Inventory.

TABLE XV

CHI SQUARE GOODNESS OF FIT ANALYSIS
OF ADJUSTED GAIN SCORES

2 (0- E)2

0 E O-E (O-E)2  E

Control-Females 22 45 -23 529 11.76

Control-Males 68 45 23 529 11.76

TOTAL 90 90 0.00 --- X2 =23. 52

Inspection of Table XV indicates that out of a possible 90 expected

adjusted gain scores, the females in the control group made greater

gains on only 22 of the objectives. The males in the control group

managed higher gains on 68 of the objectives. The chi square of 23.52

with one degree of freedom is significant at the .05 level for the males,

but not for the females. Hypothesis II-D as originally stated was

rejected in face of the evidence presented in Table XV.
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Discussion Of Data

Hypotheses I, II-C, and II-E all involved data resulting from the

administering of the Prescriptive Mathematics Inventory. Hypotheses

I and I-C were accepted at the .05 level, while Hypothesis II-E was

rejected as originally stated. The acceptance of Hypothesis I indi-

cates that the availability of the total battery of criterion-referenced

material did, in fact, enhance the mastery of objectives by the ex-

perimental group over the control group.

Hypotheses II-A, II-B, and II-D dealt with norm-referenced

data obtained from administering pretest and posttest in the Comprehensive

Test of Basic Skills. All three of these hypotheses were rejected at

the .05 level. There were no significant F ratio obtained.

It should be pointed out that a comparison of pretest mean scores

between the experimental and control groups show differences ranging

between 1.4500 and 6.6500. This indicates that both groups were scoring

at similar levels in the pretest setting.

The fact that none of the hypotheses dealing with norm-referenced

data were accepted may be attributed to several factors. The Compre-

hensive Test of Basic Skills may not be a sensitive enough instrument

to reflect changes in math skills that actually did take place within the

subjects in this study. It is also possible that an instructional period

of twenty-four weeks may not be a long enough period to reflect all

changes that took place in the subjects in the study. Another factor for
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consideration is the level of scores on the Comprehensive Test of

Basic Skills. In every case the pretest mean scores in the exper-

imental group ranged between 48.667 and 59.4500. When scores

are high in the pretest settings, it may be unrealistic to expect

the magnitude of change to be significant in posttest settings.

Another factor for consideration is the nature of the research

design. The magnitude of change required in this study may be so

great that no significant differences in the norm-referenced data could

be detected in the analysis of the data.

It should be noted that at the beginning of this study, the teachers

in both groups together selected 113 objectives that were to be the

basis for their instructional program for the 1973-74 school year. The

Prescriptive Mathematics Inventory exam was designed to specifically

test the objectives of this study. The PMI might be more sensitive to

the specific purposes and objectives of this study.

Summary

The purpose of this chapter was to present, analyze, and discuss

the data obtained for this study. The hypotheses were presented and

the data were analyzed to determine acceptance or rejection of the

hypotheses. The F ratios involved in Hypotheses II-A, II-B and II-D

did not reach the required level of significance. The chi square

goodness of fit ratios in Hypotheses I and II-C were accepted at the

.05 level. The chi square goodness of fit ratio in Hypothesis II-E

was rejected at the .05 level.



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

One purpose of this study was to determine if a randomly selected

group of fifth grade students who were exposed to a complete battery

of criterion-referenced testing material would acquire a greater

mastery of pre-determined math objectives and score significantly

higher on the Comprehensive Test of Basic Skills, than a similar

randomly selected group not exposed to the criterion-referenced

materials.

Other purposes of this study were to determine if the socio-

economic and educational background of the subjects' parents in this

study statistically affected the subjects' achievement levels in math.

There was also an effort to determine if the female subjects in this

study scored significantly higher than the males on the Comprehensive

Test of Basic Skills and the Prescriptive Mathematics Inventory.

Still another purpose of this study was to assist the Texas Education

Agency and the Regional Educational Service Centers as they assess

the value of their state-wide criterion-referenced testing program by

making the results of this study available to them.

The subjects participating in this investigation consisted originally

of120 fifth grade students enrolled in the Lewisville Public Schools.

91
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Sixty of the students were randomly selected from the total fifth-grade

population at Lakeland Elementary to serve as the experimental group.

The experimental group was given pretests in both the Comprehensive

Tests of Basic Skills and the Prescriptive Mathematics Inventory,

and were also provided with a total battery of the criterion-referenced

test materials. The control group was composed of sixty students

randomly selected from the total fifth-grade population at Central Elemen-

tary. The control group was also pretested with the Comprehensive

Test of Basic Skills and the Prescriptive Mathematics Inventory;

however, they did not receive any of the criterion-referenced instructional

material. The pretests were administered to both groups during the

month of September, 1973. The posttests were administered during the

first week in April, 1974.

The hypotheses of this study were stated as follows:

I. Major Hypotheses:

The experimental group of students who utilize the

total battery of criterion-referenced tests plus

available textbook materials will demonstrate a

greater proportion of mastery on the stated

instructional math objectives desirable for fifth-

grade students than will the control group utilizing

only the available textbook materials for the same

set of objectives.
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II. Secondary Hypotheses:

A. Students involved in the total criterion-referenced

testing program will score significantly higher

(.05 level) on the CTBS math achievement tests

than those students in the control group who do

not participate in the criterion-referenced testing

program.

B. Students in the two groups whose parents belong

in the higher socio-economic group and whose

parents have achieved the highest level of formal

education will score significantly higher on the

Comprehensive Test of Basic Skills than will

the students in the two groups whose parents

possess the least amount of formal education

and whose parents represent the lower socio-

economic group.

C. Students in the two groups whose parents belong

in the higher socio-economic group and whose

parents have achieved the highest level of formal

education will master a greater proportion of the

study's objectives as measured by the Prescriptive

Mathematics Inventory than will the students in

the two groups whose parents possess the least
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amount of formal education and whose parents

represent the lower socio-economic group.

D. Females in the two groups will score significantly

higher on the Comprehensive Test of Basic

Skills than will the males in both groups.

E. Girls in the two groups will master a greater

proportion of the study's objectives as measured

by the Prescriptive Mathematics Inventory

than will the boys in the two groups.

After all the test data was collected and tabulated, the results were

statistically analyzed using the following techniques. A comparison of

proportional adjusted gains was conducted on the data obtained from

the criterion-referenced exam. A chi square goodness of fit technique

was employed to analyze the adjusted gain scores.

Analysis of covariance was used to analyze the norm-referenced

data obtained from administering the pretest and posttest in the

Comprehensive Test of Basic Skills. A significance level of .05 was

required for acceptance of all of the hypotheses.

Hypothesis I was supported. The adjusted proportion of objectives

mastered was much greater in the experimental group than in the

control group.

Hypothesis II-A was not supported. The magnitude of change

between pretest and posttest scores on the Comprehensive Test of

Basic Skills was not greater in the experimental group than in the
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control group.

Hypothesis II-B was not supported. The magnitude of change

between pretest and posttest scores on the Comprehensive Test of

Basic Skills was not greater in the group of students whose parents

possessed the higher socio-economic standing and more advanced

formal education than in the group whose parents fell in the lower

group and had less formal education.

Hypothesis II-C was supported. Subjects whose parents did

possess the higher socio-economic ranking and a more formal ed-

ucation did master a greater proportion of objectives than those

subjects whose parents represented the lower socio-economic group

and had less formal education.

Hypothesis II-D was not supported. The magnitude of change

between pretest and posttest scores on the Comprehensive Test of

Basic Skills was not greater among the females in both groups than

the males.

Hypothesis II-E was not supported. Females in this study did

not master a greater proportion of the objectives than the males.

Findings

Only Hypotheses I and II-C were supported. Yet, in the case of

Hypotheses II-A, II-B and II-D, the adjusted mean scores in the two

groups showed a gain over the pretest mean scores of the groups.
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On the basis of the acceptance of Hypothesis I, it may be concluded

that during the twenty-four weeks of instruction, the experimental

group of fifth graders did, in fact, master a greater proportion of

the pre-selected math objectives and did acquire a greater proficiency

in math skills.

Although Hypothesis II-A was rejected, it should be noted that the

adjusted mean of 71.7358 was a 14.0525 increase over the pretest

mean. This would indicate that the experimental group did, in fact,

acquire increased math skills and knowledge during the year of in-

struction.

Even though Hypothesis II-B was rejected, it should be noted that

the subjects represented in the high socio-economic groups scored

higher on the adjusted mean scores than did the subjects in the lower

socio-economic levels in both groups. In the experimental group,

there was a difference in adjusted means between the high group and

the low group of 3.1367. In the control group, there was a difference

of 2.3412 in adjusted means in favor of the high group.

Acceptance of Hypothesis II-C supports the theory that students

from the higher socio-economic levels and whose parents possess a

formal education acquire skills and learn at a faster pace than those

students from a lower socio-economic background and whose parents

have had less formal education.
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Rejection of Hypotheses II-D and II-E would lead to the conclusion

that in this study, females did not acquire math skills at a faster pace

than males. Although there was not a significant F ration found in

Hypothesis II-D, the adjusted mean scores by the males were 2. 7566

greater than the females in the experimental group, and 5.0660 greater

in the control group.

Application of the chi square goodness of fit technique revealed that

the females mastered fewer of the objectives than the males in both

the control and experimental groups. This finding caused Hypothesis

II-E to be rejected.

It is concluded that the Comprehensive Test of Basic Skills was

not sensitive enough to reflect the kinds of changes that actually took

place in the subjects in the experimental group.

The ability of the experimental group to consistently master a

greater proportion of the objectives demonstrates the effectiveness of

the criterion-referenced testing program in helping students master

selected math objectives and in the acquisition of math skills needed

by fifth-grade students.

Recommendations

It is recommended that a more sensitive test instrument be

utilized in the study that is capable of reflecting attitude changes that

might occur in fifth-grade students following a years instruction in
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math where criterion-referenced materials direct the course of

study. This test would accompany the Prescriptive Mathematics

Inventory and an appropriate standardized testing instrument.

It is recommended that a more broadened study utilizing criterion-

referenced data be pursued. That a comparison of students within

the same school and within the same grade level be conducted.

It is recommended that the possibility of multi-grade achievement

comparisons utilizing criterion- referenced materials be considered.

Grades four through seven might be observed in different schools

with the campuses switching out in their roles as experimental and

control groups.

It is recommended that the administering of the tests in future

studies be closely supervised. The total number of tests given in the

study should be limited. These precautions should be taken in order

to avoid test taking fatigue and the resulting lack of motivation to

respond honestly and accurately to the test items.

It is recommended that follow-up studies be conducted on a group

of students who have utilized the total criterion-referenced testing

program in math. Such studies should be longitudinal in nature, if at

all possible.
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APPENDIX A

LIST OF OBJECTIVES AND COMPARISONS OF

THE PERCENTAGES OF STUDENTS MASTERING

EACH OBJECTIVE--BOTH IN THE EXPERIMENTAL
GROUP AND THE CONTROL GROUP

% of experimental % of control

Objective group mastering group mastering
each objective each objective

Preoperational concepts

1. Given a rectangle that has
been divided into a number
of equal squares of which
some are shaded, the student
will be able to specify the
fractional part of the rectangle
that is shaded. (Pictorial
fractions) 44 38

2. The student will be able to re-
name a fraction expressed in
lowest terms in higher terms.
(Equivalence) 55 01

3. The student will be able to re-
name a fraction by reducing the
numerator and denominator to
lowest terms. 33 23

4. Given common fractions, as in
an addition problem, the stu-
dent will be able to find the
lowest common denominator. 41 22

5. Given a number line with units
divided into fourths, the stu-
dent will be able to specify a
given point on the line as a
mixed number. (Concept
question) 01 -05

Addition of whole numbers
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

6. The student will be able to
add a column of five or
fewer three-digit whole
numbers with regrouping. negative negative

Subtraction of whole numbers

7. The student will be able to
subtract a three-digit whole
number from a three-digit
whole number with regroup-
ing. 54 0

8. The student will be able to sub-
tract a four-digit whole number
from a four-digit whole number
with regrouping. 57 16

9. The student will be able to sub-
tract a five-digit whole number
from a five-digit whole number
with regrouping. 44 -05

Multiplication of whole numbers

10. The student will be able to write
a given repeated addition prob-
lem as a multiplication problem
and compute the answer. 67 39

11. The student will be able to
multiply a one-digit whole num-
ber by a one-digit whole number.
(Basic facts) 48 71

12. The student will be able to
multiply a two-digit whole num-
ber by a one-digit whole number. 62 64

13. The student will be able to
multiply a three-digit whole
number by a one-digit whole
number'.-q7 36

%-,A I %30
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

14. The student will be able to
multiply a four-digit whole
number by a one-digit whole
number. 58 48

15. The student will be able to
multiply a two-digit whole
number by a two-digit whole
number. 38 51

16. The student will be able to
multiply a three-digit whole
number by a two-digit whole
number. 40 47

17. The student will identify the
number of zeros after a single
digit that are appropriate to
represent multiplication of that
digit by a given power of ten. 55 15

Division of whole numbers

18. The student will be able to di-
vide a two-digit whole number
by a one-digit whole number
with no remainder. (Basic
facts) 52 49

19. The student will be able to di-
vide a three-digit whole number
by a one-digit whole number
with no remainder where the
quotient requires a zero place
holder. 24 22

20. The student will be able to di-
vide a two-digit whole number
by a one-digit whole number
with remainder. 48 28

21 . The student will be able to di-
vide a three-digit whole number
by a one-digit whole number with
remainder. 61 32

a %"# 6-
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

22. The student will be able to di-
vide a two-digit whole number
by a two-digit whole number
with remainder. 27 27

23. The student will be able to di-
vide a three-digit whole num-
ber by a two-digit whole num-
ber with remainder. 39 19

24. The student will be able to di-
vide a four-digit whole number
by a one-digit whole number
with remainder. 49 23

25. The student will be able to di-
vide a four-digit whole number
by a two-digit whole number
with remainder. 46 26

26. The student will be able to di-
vide a five-digit whole number
by a two-digit whole number
with remainder. 32 14

27. The student will be able to
represent the quotient as a
power of ten when a multiple
of a power of ten is divided
by its maximal factor that is
not a power of ten. 45 26

Addition of positive fractions

28. The student will be able to add
three like fractions without
regrouping. 62 -28

29. The student will be able to add
two unlike fractions without
regrouping. 46 45
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

30. The student will be able to add
two mixed numbers without
regrouping. 46 45

31. The student will be able to add
two like fractions with re-
grouping. 78 08

32. The student will be able to add
three unlike fractions with re-
grouping. 42 08

33. The student will be able to add
two mixed numbers with re-
grouping. 76 17

Subtraction of positive fractions

34. The student will be able to sub-
tract like fractions without re-
grouping. 27 15

35. The student will be able to sub-
tract unlike fractions without
regrouping. 25 12

36. The student will be able to sub-
tract mixed numbers without
regrouping. 18 13

37. The student will be able to sub-
tract like fractions with re-
grouping. 0 0

38. The student will be able to sub-
tract mixed numbers with re-
grouping. 09 0

Multiplication of positive fractions

39. The student will be able to
multiply a proper fraction
by a proper fraction. 0 -04
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

40. The student will be able to
multiply a whole number by a
proper fraction. 56 04

41. The student will be able to add
two decimal fractions each with
one decimal place without re-
grouping. 51 0

42. The student will be able to add
two decimal fractions each with
two decimal places without re-
grouping. 55 18

43. The student will be able to add
two decimal fractions each with
three decimal places without
regrouping. 0 30

44. The student will be able to add
two decimal fractions each with
one decimal place with re-
grouping. 75 -06

45. The student will be able to add
two decimal numbers each with
two decimal places with re-
grouping. 12 04

46. The student will be able to add
two decimal fractions each with
three decimal places with re-
grouping. 67 12

Subtraction of decimal numbers

47. The student will be able to sub-
tract a one-digit decimal fraction
from a one-digit decimal fraction
without regrouping. 41 48
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

48. The student will be able to
subtract a two-digit decimal
fraction from a two-digit
decimal fraction without re-
grouping. 29 30

49. The student will be able to
subtract a one-digit decimal
fraction from a decimal num-
ber with one decimal place
with regrouping. 49 05

50. The student will be able to
subtract a decimal number
with two decimal places from
another decimal number with
two decimal places with re-
grouping. 41 27

51. The student will be able to
subtract a three-digit decimal
fraction from a three-digit
decimal fraction with re-
grouping. 31 29

Multiplication of decimal numbers

52. The student will be able to
multiply a two-digit whole num-
ber by a one-digit decimal
fraction. 19 26

53. The student will be able to
multiply a two-digit whole
number by a two-digit
decimal fraction. 05 03

54. The student will be able to
multiply a three-digit decimal
fraction by a two-digit whole
number. 0 P1

a- I
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

55. The student will be able to
multiply a one-digit decimal
fraction by a one-digit
decimal fraction. 20 -40

56. The student will be able to
multiply a one-digit decimal
fraction by a one-digit deci-
mal fraction. 36 -02

Commutative property

57. Given an addition problem
with two positive fractions
as addends, the student will
be able to supply a missing
addend in the commuted form
of the problem. 32 25

58. Given a multiplication problem
with two positive fractions as
factors, the student will be
able to supply a missing fac-
tor in the commuted form of
the problem. 38 20

Identity element

59. The student will be able to
supply a zero as the identity
element in an unfinished math-
ematical sentence involving
the addition of positive frac-
tions. 43 30

60. The student will be able to
supply the number 1 as the
identity element in an un-
finished mathematical sen-
tence involving the multi-
plication of positive fractions. 48 2R

J - %-j
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% of experimental % of control
Objective group mastering group mastering

each objective each obective

Inverse relation

61. The student will be able to
supply a missing positive
fraction in a pair of unfin-
ished mathematical sentences
illustrating the inverse
relationship between addition
and subtraction. 54 31

Number sequences (Linear functions)

62. Given a sequence of whole num-
bers involving addition by a
constant value, the student will
be able to supply the numbers
missing from the sequence. 68 55

63. Given a sequence of whole num-
bers involving subtraction by a
constant value, the student will
be able to supply the numbers
missing from the sequence. 44 36

Missing addends and factors (Transform)

64. The student will be able to
specify all the whole numbers
that fall between two given
whole numbers. (Inequalities) 23 -09

Number theory

65. Given a set of whole numbers,
the student will be able to select
those which are prime numbers. 40 27

66. Given a sequence of odd num-
bers, the student will be able
to supply addition terms in the
sequence. 35 46
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

67. Given a number less than 10
and a table of numbers such
as a section of a hundreds chart
the student will be able to mark
all of the multiples of the given
number on the chart. 22 18

68. Given two numbers less than
100, the student will be able
to find their common factors. 07 02

Measurement

69. Given an arbitrary unit of length,
the student will be able to
measure the length of a given
object as a number of these
units. (Nonstandard units) 0 0

70. Given an illustration of an
acute angle overlayed by a
protractor., the student will be
able to indicate the measure
of the angle in degrees. 10 -06

71. Given a drawing of a rectangle
with dimensions marked, the
student will be able to com-
pute the perimeter. 25 16

72. Given a drawing of a rectangle
with the lengths of two adja-
cent sides indicated, the stu-
dent will be able to find the area. 35 19

73. Given a line graph, the student
will be able to read the value
of a point on the line. 12 20

74. The student will be able to use
a ruler to measure an object's
length. 21 09
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

75. The student will be able to add
lengths expressed in inches
and convert the sum to feet and
inches. 09 33

76. The student will be able to sub-
tract lengths expressed in
yards and feet with regrouping. 33 14

77. Given an illustration of a
liquid thermometer., the stu-
dent will be able to specify
the indicated temperature to
the nearest degree. 0 23

78. Given an illustration of
pieces of money, both bills
and coins, the student will be
able to count the total amount. 04 23

79. The student will be able to add
expressed amounts of money. 27 -09

80. The student will be able to sub-
tract expressed amounts of
money. 48 -06

81. The student will be able to
multiply an expressed amount
of money by a whole number. 45 16

82. The student will be able to di-
vide an expressed amount of
money by a whole number. 0 13

83. The student will be able to con-
vert liquid measures from gallons
to quarts. (Concept question) 14 17

84. The student will be able to
convert measures of weight
from pounds to ounces.
(Concept question) 07 20
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

85. Given an illustration of a
clock, the student will be able
to specify the time shown.
(Concept question) 33 25

86. Given an illustration of a
calendar, the student will be
able to specify the date of a
given day of the week in a given
week of the month. 37 52

Non-metric geometry

87. The student will be able to
state the number of points re-
quired to define a plane. (Points) 07 -02

88. Given a drawing illustrating
lines, line segments, and rays,
the student will be able to
specify a line segment. 27 06

89. Given an irregular closed
figure, the student will be able
to find the number of regions
into which the figure divides
the plane. 22 40

90. Given a drawing illustrating
parallel and perpendicular lines,
the student will be able to
specify the parallel lines. 07 -05

91. Given a drawing illustrating
parallel and perpendicular lines,
the student will be able to
specify the perpendicular lines. 21 -01

92. Given a drawing illustrating
lines, line segments, and rays,
the student will be able to
specify the rays. 14 08
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

93. Given a drawing illustrating
lines, line segments, and rays
with several acute angles, the
student will be able to specify
the acute angles. 05 13

94. Given a labeled drawing il-
lustrating the intersection of
two lines at an angle other than
90 degrees, the student will be
able to identify and name the
obtuse angles. 05 06

95. Given an irregular plane figure
made up of simple geometric
shapes, the student will be able
to identify and name a right tri-
angle. 0 02

96. The student will be able to in-
dicate the number of sides every
quadrilateral has. 21 -01

97. Given an irregular plane figure
made up of simple geometric
shapes, the student will be able
to identify and name a parallel-
ogram. 10 09

98. Given a drawing illustrating
three intersecting planes, the
student will be able to specify
the line segment that is the
intersection of two of the planes. 0 0

99. Given a number of drawings
representing solid figures, the
student will be able to specify
which is a pyramid. 35 22
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

100. Given a pictorial representa-
tion of a simple three dimen-
sional shape, the student will
be able to determine the num-
ber of edges in the figure
represented. 02 -03

101. Given a pictorial representation
of a simple three dimensional
shape, the student will be able
to determine the number of
faces in the figure represented. 38 24

102. Given a pictorial representation
of a simple three dimensional
shape., the student will be able
to determine the number of
bases in the figure represented. 25 22

103. Given the scale of a map, the
student will be able to compute
the distance between two given
points. 43 21

104. Given a Cartesian coordinate
grid, the student will be able
to name a given point as an
ordered pair of numbers. 22 -16

Place value

105. Given the values of the tens'
and units' positions of a numer-
al, the student will be able to
write the numeral. (0-999) 29 34

106. The student will be able to
specify the value of any digit
in a five-place numeral.
(1,000-99,999) 09 -21
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% of experimental % of control
Objective group mastering group mastering

each objective each objective

107. The student will be able to
specify the value of any digit
in a nine-place numeral.
(100,000-999,999,999) 20 25

108. Given the expanded form of a
three-digit numeral, the stu-
dent will be able to write the
numeral. (Expanded notation) 42 18

109. Given the expanded form of a
four-digit numeral, the stu-
dent will be able to write the
numeral. (Expanded notation) 07 07

Problem solving

110. The student will be able to
solve a word problem involving
the addition and division of
whole numbers. 13 06

111. The student will be able to
solve a word problem involving
the multiplication and division
of whole numbers. 13 05

112. The student will be able to
solve a word problem involving
the addition and subtraction
of fractions. 10 26

113. Given the day of the week on which
a particular date falls, the
student will be able to name the
date a given number of weeks later. 08 16



APPENDIX B

OCCUPATIONAL-EDUCATIONAL SURVEY

We need your cooperation in conducting a community occupational-

educational survey. Please complete this form and return it to school

with your child. Thank you for your assistance in this survey.

Clayton Downing
Assistant Superintendent

Student's Name Grade Teacher

Father's Name Mother's Name

Address

Father's Occupation:

Job Title

Job Description

Place of Employment

Mother's Occupation:

Job Title

Job Description

Place of Employment

EDUCATIONAL EXPERIENCE

Please circle highest level of education

Father: Mother:

Elementary 1 2 3 4 5 6 7 8 Elementary 1 2 3 4 5 6 7 8

High School 9 10 11 12 High School 9 10 11 12

College 1 2 3 4 College 1 2 3 4

Post-graduate 1 2 3 4 Post-graduate 1 2 3 4
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APPENDIX C

PROPORTIONAL GAIN SCORES MADE
ON THE CRITERION-REFERENCED EXAMS

c c
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3. 26. 45 02 33a 5 0 2
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1. 50 20 32 68 63 29 60 25

2. 59 50 49 47 06 0 03 0

3. 26 45 32 33 30 15 20 27

4. 47 45 42 40 30 15 13 33

5. 0 0 -13 13 0 05 -05 -06

6. 17 -50 -10 -38 0 14 -08 0

7. 0 50 53 59 0 22 0 15

8. 75 60 66 26 43 11 09 35

9. 33 50 46 44 0 0 -11 10

10. 62 46 68 68 36 39 48 29

11. 80 -25 17 73 71 90 65 91

12. 50 -10 85 0 83 14 15 100

13. 14 50 38 33 33 44 17 68

14. 64 50 78 33 50 42 38 62

15. 45 22 39 38 73 28 46 61

16. 53 14 44 35 43 35 43 56

17. 57 33 60 57 67 60 0 41

115



':)

4)J

C)

-Q
0

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

r--

a)
E
a)

x 0
wJI-

63

47

47

50

20

13

45

33

47

14

50

40

35

68

40

-25

75

15

25

U0
Ec'

L

0)_)

0

25

47

63

0

45

39

45

30

29

71

50

45

83

40

-40

79

30

25

-pa)

L
)U)

xo
wmQ

74

05

62

62

35

47

66

60

45

69

57

51

44

72

44

0

35

25

21

4)

L
a-L

w

-10

39

34

61

21

31

36

34

07

23

70

42

42

85

42

85

22

26

16

'00
L OI
-Jca0-
0 0
() -

45

14

38

39

47

26

17

37

17

0

0

06

11

47

05

0

40

15

10

0

0 0

0 1

82

32

28

25

20

20

21

20

10

0

0

10

10

40

10

0

35

05

05

'5
r o00

30

25

28

23

31

14

14

28

11

-23

-27

0

0

43

0

-12

31

07

07

0
L)
C rL

79

18

26

38

28

25

40

31

21

-16

-30

27

30

48

27

-15

43

27

20

116



117

4-) 4-) 4-)

0J a) a
. E Ecm E E cu -
4- .. a L 0 0 0 L 0 0o L L-L L Lu N LJ L Ln

- -O.. Q- Q.. Q.e CO. C C>) CL.. XC0 X 0 X0 X.- 0 0 0 0 0 0 0 ...
o WH- WI w2 W(O 1- 01 OfI 00

37. -13 -25 -05 04 0 -07 -11 -12

38. -31 06 0 15 0 -23 -39 -04

39. -20 0 -10 33 -50 0 -18 -16

40. -08 -58 63 53 -25 06 -04 -20

41. 57 73 46 61 40 40 45 40

42. 65 47 53 57 74 25 50 48

43. 54 10 43 -54 50 27 20 45

44. -07 -17 60 63 -09 11 -05 -09

45. 20 -25 24 0 0 33 0 09

46. 42 -17 41 91 20 14 40 -14

47. 69 77 88 -13 67 31 47 48

48. 57 50 60 11 18 07 41 17

49. 38 17 41 60 09 0 25 08

50. 69 47 70 12 14 26 31 25

51. 56 28 41 21 53 17 37 24

52. 41 24 41 03 32 15 27 25

53. 25 -25 10 0 18 0 0 0

54. 50 17 0 0 33 0 25 0

55. 58 19 23 18 81 05 03 28

0 0 67 0 0 -21 -0956. -06



118

a)
E

x-
WI-

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

44

33

71

30

17

44

73

10

-66

75

40

-28

08

16

-06

0

42

20

35

4-J

a 0
EL

x 0
w i

43

09

53

-88

50

44

76

30

-60

75

40

-31

07

20

15

-67

27

0

35

E
a) U)
x 0
w ca

32

35

71

52

35

62

76

15

0

58

35

-06

04

18

07

31

31

17

12

4-)
C
a)

31

43

15

47

79

79

16

32

15

08

10

16

-06

03

40

43

-05

26

06

O-
0 0
O)HI

29

08

35

0

17

17

73

25

0

88

07

0

0

28

21

0

11

27

55

0

0 L

c'J
0 0
01

14

29

59

0

42

38

67

05

-25

88

10

-08

0

10

06

-17

56

35

32

r-

0
om

09

-38

41

0

0

30

80

13

-12

86

13

-10

-10

21

08

-26

11

46

35

-)

L0

00e

29

29

54

-08

08

75

71

23

-14

89

40

-04

0

30

11

10

53

34

50

a)

.- )

0
a)

0



119

-P4J4-) 4)c c c c
) a)o a) a)0

. E E c E E ,, c ,_
4J 0 0  0  0 0

0 LC X0LC L00L0 0L0L( 
o a)a -I )- n -n O o J o m L

76. -13 -11 0 62 0 -15 -13 -05

77. -28 22 14 -17 60 09 43 17

78. -86 -75 0 13 0 0 -09 49

79. 14 0 32 18 0 0 -33 72

80. 33 20 57 33 13 56 25 50

81. 75 75 35 30 75 60 48 70

82. -25 -50 -07 05 0 0 -04 09

83. 19 0 19 08 59 26 35 37

84. -83 -30 21 -15 0 -67 -30 -05

85. 50 -60 19 57 0 40 57 64

86. 80 74 66 11 95 89 78 92

87. -19 0 -03 20 0 0 -04 -04

88. -70 55 0 22 0 -20 -05 16

89. 46 23 31 15 -69 09 43 41

90. 40 35 03 11 -60 16 38 38

91. -29 0 41 04 0 0 -08 -05

92. 16 05 18 07 30 15 14 25

93. 05 05 07 03 25 05 17 18

0 04 07 05 0 06 0494. 11



U)

4-J
0
U1)

0

o
E

--
0'

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

0

33

16

-09

33

0

44

36

36

42

36

31

0

36

07

05

11

10

U0
Ec'i

m

x0
Wi

-06

11

05

0

-05

05

39

10

41

20

23

-07

22

33

-11

26

0

0

"I4-J

E
)

x 0
wcor

03

37

15

0

41

03

51

19

33

36

21

09

27

35

17

08

03

11

--p
C

WUO

-04

07

07

0

32

0

24

31

54

06

35

08

14

50

0

18

19

10

0 0
LCaJ
0 0
O -

0

32

35

0

33

11

06

0

38

14

38

10

22

30

27

16

0

30

0

0 L
aU)

0 0
01 -

-15

12

16

0

11

0

18

19

06

0

44

25

22

0

0

0

05

15

0
L

4-JU

00
o(

-10

04

14

0

16

03

22

19

28

30

40

-05

21

30

12

14

0

20

4-JA

L
0 .- 1
00(

-07

32

25

-03

31

-03

25

46

28

18

59

18

57

45

43

37

17

32

06 21 -05 31 17 04

120

113. 08 44



BIBLIOGRAPHY

Books

Anastasio, E. J., et. al., Computer-Assisted Item Writing - II,
Princeton, J. J., Educational Testing Service, 1969.

Baker, E. L. and W. J. Popham, Expanding Dimensions of Instructional
Objectives, Englewood Cliffs, New Jersey, Prentice-Hall, 1973.

Block, J. H., ed., Mastery Learning: Theory and Practice, New York,
Holt, Rinehart and Winston, 1971.

Bloom, B. S., et. al., Taxonomy of Educational Objectives, Handbook I:
Cognitive Domain, New York, David McKay, 1956.

Bormuth, J. R., On the Theory of Achievement Test Items, Chicago,
University of Chicago Press, 1970

Campbell, Donald T., and Julian C. Stanley, Experimental and Quasi-
Experimental Designs for Research, Chicago, Rand McNally and
Company, 1969.

Clark, D. C. , Using Instructional Objectives in Teaching, Glenview,
Illinois, Scott, Foresman, 1972.

Cronbach, L. J., Essentials of Psychological Testing, New York,
Harper and Row, 1970.

Dillman, Caroline M. and Harold F. Rahmlow, Writing Instructional
Objectives, Belmont, California, Fearon Publishers, 1972.

Ferguson, George A., Statistical Analysis in Psychology and Education,
New York, McGraw-Hill, 1971.

Ferguson, R. L.., and T. C. Hsu, The Application of Item Generators
for Individualizing Mathematics Testing and Instruction. Pittsburgh,
Pennsylvania, Learning Research and Development Center,
University of Pittsburgh, 1971.

Gagne', R. M. , The Conditions of Learning, New York, Holt, Rinehart
and Winston, 1970.

121



122

Gagne', R. M., Report of Regional Commission on Education Coordination
and Learning Research, Pittsburgh, University of Pittsburgh Press,
1964.

Glaser, R., "Psychological questions in the development of computer-
assisted instruction, " Computer-Assisted Instruction, Testing
and Guidance, edited by William Holtzman, New York, Harper and
Row, 1970, pp. 74-93.

Glaser, R., and D. J. Klaus, "Proficiency measurement: Assessing
human performance," Psychological Principles in System Development,
edited by Robert Glaser, New York, Holt, Rinehart and Winston,
1962, pp. 421-427.

Glaser, R. , and R. C. Cox, Criterion-Referenced Testing for the
Measurement of Educational Outcomes, Pittsburgh, Learning
Research and Development Center, University of Pittsburgh, 1968.

Gulliksen, H.., Theory of Mental Tests, New York, Wiley, 1950.

Hyman, R. T., Ways of Teaching, Philadelphia, J. B. Lippincott, 1970.

Krathwohl, D. R., et. al. , Taxonomy of Educational Objectives, Handbook
II: Affective Domain, New York, David McKay, 1964.

Lagowski, J. , "Computer-assisted instruction in chemistry," Computer-
Assisted Instruction, Testing and Guidance, edited by William Holtzman,
New York, Harper and Row, 1970, pp. 283-298.

Linn, R. L. , "Computer-assisted testing, " The Computer Utility:
Implications for Higher Education, edited by Martin Duggan, Boston,
Heath Lexington, 1970.

Lord, F. M. and M. R. Novick, Statistical Theories of Mental Test
Scores, Reading, Massachusetts, Addison-Wesley, 1963.

Mager, Robert F., Preparing Instructional Objectives, Belmont,
California, Fearon Publishers, 1970.

, Goal Analysis, Belmont, California, Fearon
Publishers, 1972.

,. Developing Attitude Toward Learning, Belmont
California, Fearon Publishers, 1968.



123

Noel, Victor H. and Dale P. Scannell, Introduction to Educational
Measurement, Boston, Houghton-Mifflin Company, 1972.

Otis, Arthur S., Otis Group Intelligence Scale, New York, Harcourt,
Brace Jovanovich, Inc. , 1918.

Popham, W. James, Criterion-Referenced Measurement, Englewood
Cliffs, New Jersey, Educational Publications, 1971.

,. ed.., Instructional Objectives, Chicago, Rand
McNally, 1969.

, An Evaluation Guidebook, Los Angeles, The
Instructional Objectives Exchange, 1972.

Popham, W. James and E. L. Baker, Establishing Instructional
Goals, Englewood Cliffs, New Jersey, Prentice-Hall, 1970.

, Class room Instructional Tactics, Englewood
Cliffs, New Jersey, Prentice-Hall, 1973.

,. Designing an Instructional Sequence, Englewood
Cliffs, New Jersey, Prentice-Hall, 1970.

,_ Systematic Instruction, Englewood Cliffs, New
Jersey, Prentice-Hall, 1970.

Popham, W. J., ed., Criterion-Referenced Measurement: An
Introduction, Englewood Cliffs, New Jersey, Educational
Technology Publications, 1971.

Rice, J. M.., Scientific Management in Education, New York, Hinds,
Noble and Eldredge, 1914.

Robinson, John P., Robert Anthamasion, and Kendra B. Head,
Measures of Occupational Attitude and Occupational Characteristics,
Institute for Social Research, The University of Michigan, Ann
Arbor, Michigan, 1969.

Sanders, N. M. , Classroom Questions: What Kinds?, New York
Harper and Row, 1966.



124

Sax, Gilbert, Empirical Foundations of Educational Research,
Englewood Cliffs, New Jersey, Prentice-Hall, Inc. , 1968.

Thorndike, Edward L.., An Introduction to the Theory of Mental and
Social Measurements, New York, The Science Press, 1904.

Trow, W. C.., Paths to Educational Reform, Englewood Cliffs, New
Jersey, Educational Technology Publications, 1971.

Wang, M. C., ed.,, Criterion-Referenced Tests for the Early Learning
Curriculum of the Primary Education Project, Pittsburgh,
Pennsylvania, University of Pittsburgh, 1968.

Articles

Arnstine, D. G. , "The Language and Values of Programmed Instruction:
Part 2," The Educational Forum, XXVIII (June, 1964), 337-346.

Astin, A. W.), "Criterion-Centered Research," Educational and
Psychological Measurement, XXIV (September, 1964), 807-822.

Atkin, J. M. , "Some Evaluation Problems in a Course Content
Improvement Project,?? Journal of Research in Science Teaching,
I (May, 1963), 129-132.

Berger, R. J., "Criterion-Referenced Testing with the SWRL
Communications Program, " SWRL Memorandum, Englewood,
California, Southwest Regional Laboratory, 1969.

Block, James H. , "Criterion-Referenced Measurements: Potential,,"
School Review, LXX (November, 1970), 289-297.

Brazziel, William F.3, "Criterion-Referenced Testing, " Today's
Education, LXI (November, 1972), 52-53.

Burke, J. D., and Others, "The Criterion-Related Validity of
English Language Screening Instruments for Foreign Students
Entering the University of Southern California, " Educational
and Psychological Measurement, XXIX (October, 1969), 503-506.

Carroll, J. B.., "A Model of School Learning, " Teachers College
Record, LXIV (December, 1963), 723-733.



125

Carroll, J. B. , "Problems of Measurement Related to the Concept
of Learning for Master," Education Horizons, XLII (November,
1970), 71-90.

Cartier, Francis, "Criterion-Referenced Testing of Language Skills,??
Tesol Quarterly, II (March, 1968), 27-33.

Cleary, T. A., et. al., "An Exploratory Study of Programmed
Tests,? "Educational and Psychological Measurement, XXVIII

Coulson, J. E., and Cogswell, J. F., "Effects of Individualized
Instruction on Testing, " Journal of Educational Measurement,
II, (October, 1965), 59-64.

Cox, R. C. , "Item Selection Techniques and Evaluation of Instructional
Objectives,?? Journal of Educational Measurement, II (March,
1965), 181-185.

,. and G. T. Graham, "The Development of a Sequentially
Scaled Achievement Test, " Journal of Educational Measurement,
III (April, 1966), 147-150.

, and B. G. Sterrett, "A Model for Increasing the
Meaning of Standardized Test Scores,?" Journal of Educational
Measurement, VII (June, 1970), 227-228.

Cronbach, L. J., "Course Improvement Through Evaluation" Teachers
College Record LXIV (October, 1963), 672-683.

." "The Two Disciplines of Scientific Psychology,??
American Psychologist, XII (November, 1957), 671-684.

Ebel, R. L. , "Content-Standard Test Scores," Educational and
Psychological Measurement, XXII (May, 1962), 15-25.

, "Must All Tests Be Valid?," American Psychologist,
XVI (April, 1964), 640-647.

, "Some Measurement Problems in a National Assessment
of Educational Progress, " Journal of Educational Measurement,
III (October, 1966), 11-17.



126

Ebel, R. L., "The Value of Internal Consistency in Classroom
Examinations," Journal of Educational Measurement, V
(December, 1968), 71-73.

Eisner, E. W. , "Educational Objectives: Help or Hindrance?, "
School Review, LXXV (July, 1967), 250-266.

Englehart, M. D., "A Comparison of Several Item Discrimination
Indices, " Journal of Educational Measurement, XXXIX (March,
1971), 241-243.

Ferguson, R. L. , "A Model for Computer-Assisted Criterion-
Referenced Measurements," Education, LXXXI (June, 1970), 25-31.

Flanagan, J. C.., "Functional Education for the Seventies," Phi
Delta Kappan, XLI (December, 1967), 27-32.

, "Standard Scores for Aptitude and Achievement
Tests," Educational and Psychological Measurement, XXII
(April, 1962), 35-39.

French, J. W., "A Technique for Criterion-Keying and Selecting Test
Items," Psychometrika, XVII (March, 1952), 101-106.

Glaser, Robert L. , "Ten Untenable Assumptions of College Instruction,"
Educational Record, XLI (Spring, 1968), 154-159.

, "Instructional Technology and the Measurement of
Learning Outcomes: Some Questions," American Psychologist,
XVIII (November, 1963), 519-521.

, "Objectives and Evaluation - An Individualized System,"
Science Education News, (June, 1967), 1-3.

Halla, W. D., "Analysis of Aims and Content as a Basis for Assessment
of School Courses, " Comparative Education, V (June, 1969), 213-220.

Hastings, J. T. , "Curriculum Evaluation: The Why of the Outcomes, "
Journal of Educational Measurement, III (February, 1966), 27-32.

Hawes, Gener R.., "Criterion-Referenced Testing: No More Losers,
No More Norms, No More Parents Raising Storms," Nation's
Schools, XCI (February, 1973), 35-41.



127

Hively, W. and H. L. Patterson and S. Page, "A Universe-Defined
System of Arithmetic Achievement Tests,?" Journal of Educational
Measurement, V (May, 1968), 275-290.

Horn, J. L., "Some Characteristics of Classroom Examinations,?"
Journal of Educational Measurement, III (July, 1966), 293-295.

, "Is It Reasonable for Assessments to have Different
Psychometric Properties than Predictors?,?? Journal of
Educational Measurement, V (October, 1968), 75-77.

Innes , T. C.., "Measurement Accountability and Humaneness,??
Measurement and Evaluation in Guidance, IV (January, 1971), 90-98.

Jackson, Robert A., "Prediction of the Academic Success of College
Freshmen,?? The Journal of Educational Psychology, IV (August,
1971), 90-97.

Krathwohl, D. R., "Stating Objectives Appropriately for Program,
for Curriculum and for Instructional Materials Development,??
Journal of Teacher Education, XVI (September, 1965), 83-92.

Komisar, P. B., and J. E. McClellan, "Professor Arnstine and
Programmed Instruction,?" The Educational Forum, XXIV
(April, 1965), 467-476.

Lord, F. M.., "Estimating Norms By Item Sampling,?" Educational
and Psychological Measurement, XXII (September, 1962), 259-267.

Mayo, Samual T.., "Measurement in Education: Mastery Learning
and Mastery Testing,?? Measurement In Education, I (March, 1970),
1-4.

McNeil, J. D., "Antidote to a School Scandal,? "The Educational Forum,
XXXI (May, 1966), 60-77.

Merrill, D.., "Correction and Review on Successive Parts in Learning
a Hierarchical Task,?" Journal of Educational Psychology,
XIV (November, 1965), 225-234.

Millman, J., "Reporting Student Progress: A Case for a Criterion-
Referenced Marking System, " Phi Delta Kappan, LII (August,
1970), 226-230.



128

Moxley, R. A., "A Source of Disorder in the Schools and a Way to
Reduce It: Two Kinds of Tests," Teacher and Technology
Supplement, Educational Technology, X (Spring, 1970), 3-7.

N. E. A. Research Bulletin, "Criterion-Referenced Measurement,t"
Journal of Educational Measurements, VI (Spring, 1969), 1-9.

Northby, Arwood S.., "Sex Differences in High School Scholarship,?"
School and Society, XXXII (February, 1958), 63-64.

Osburn, H. G.., "Item Sampling for Achievement Testing," Educational
and Psychological Measurement, XXVIII (August, 1968), 95-104.

Popham, W. James, "Criterion-Referenced Measurement, " Report
on Education of the Disadvantaged, (April, 1973), 10-11.

, and T. R. Husek, "Implications of Criterion-
Referenced Measurement," Journal of Educational Measurement,
VI (August, 1969), 1-9.

Proger, Barton B. and Lester Mann, "Criterion-Referenced
Measurement: The World of Gray Versus Black and White, "

Journal of Learning Disabilities, VI (February, 1973), 19-28.

Reid, J. C. , "Printed Comments With Item Analyses, " Journal of
Educational Measurement, VII (June, 1970), 159-160.

Saupe, J. L.., "Selecting Items To Measure Change, " Journal of
Educational Measurement, III (October, 1965), 223-228.

Shaw, M. C. and J. T. McCuen, "Onset of Underachievement in Bright
Children, " Journal of Educational Psychology, LI (March, 1960),
103-108.

Shoemaker, D. M.., "Allocation of Items and Examinees in Estimating a
Norm Distribution by Item Sampling," Journal of Educational
Measurement, VII (April, 1970), 123-128.

, "Criterion-Referenced Measurement Revisited,"
Educational Technology, XI (June, 1971), 61-62.



129

Shoemaker, D. M. and H. G. Osburn, "Computer-Aided Item Sampling
for Achievement Testing: A Description of a Computer Program
Implementing the Universe Defined Test Concept," Educational and
Psychological Measurement, XXIX (April, 1969), 165-172.

Simon, G. B., Comments on "Implications of Criterion-Referenced
Measurement," Journal of Educational Measurement, VI
(Winter, 1969), 259-260.

Stake, R. E.., "The Countenance of Educational Evaluation," Teachers
College Record, LXV (Spring, 1967)., 523-540.

Sweigert, Ray L. , "Assessing Educational Needs to Achieve Relevancy,"
Education, XCI (May, 1971), 315-318.

Ward, J. , "On the Concept of Criterion-Referenced Measurement,"
British Journal of Educational Psychology, XC (September, 1970),
314-323.

Wood, R. , "The Efficacy of Tailored Testing," Educational Research,
XI (February, 1969), 219-222.

Young, J. C. , et. al., "The Validity of the Tests of Achievement
in Basic Skills for Predicting Achievement in General Mathematics
and Algebra, " Educational and Psychological Measurement,
XXX (June, 1970), 951-954.

Zoellner, Robert, "Talk-Write: A Behavioral Pedagogy for Composition,"
College English, XXX (June, 1969), 37-52.

Unpublished Material

Besel, Ronald, "Using Group Performance to Interpret Individual
Responses to Criterion-Referenced Tests," unpublished paper
presented at the annual meeting of American Educational Research
Association, New Orleans, February, 1971. (ED 045 463; MF and
HC available from EDRS)

Blumenfeld, G. J. and Others, "Effect of Criterion-Referenced Testing
Upon the Use of Remedial Exam Opportunities, " unpublished paper
presented at the annual meeting of the American Educational
Research Association, New York, February, 1971. (ED 049 310;
MF and HC available from EDRS)



130

Bolvin, John and Robert Glaser, "Developmental Aspects of
Individually Prescribed Instruction," a description of an
individualized instructional project at the University of Pittsburgh,
Pittsburgh, Pennsylvania, 1968. (ED 031 768; MF and HC
available from EDRS)

Brennan, Robert and Lawrence Stolurow, "An Elementary Decision
Process for the Formative Evaluation of an Instructional System,??
unpublished paper presented at the annual meeting of the American
Educational Research Association, New York, February, 1971.
(ED 048 343; MF and HC available from EDRS)

Cox, Richard C. and Julie S. Vargus, "A Comparison of Item Selection
Techniques for Norm-Referenced and Criterion-Referenced Tests,??
unpublished paper presented at the annual meeting of the National
Council on Measurement in Education, Chicago, February, 1966.
(ED 010 517; MF and HC available from EDRS)

Cox, Richard C., "Evaluative Aspects of Criterion-Referenced
Measurement: Emerging Issues," unpublished paper presented
at the meeting of the American Educational Research Association,
Minneapolis, March, 1970. (ED 043 089; MF and HC available
from EDRS)

Davis., Frederick P..," Criterion-Referenced Tests, " unpublished
paper presented at the annual meeting of the American Educational
Research Association, New York, February, 1971. (ED 050 154;
MF and HC available from EDRS)

Darlington, Richard B., "Evaluating the Use of Assessment Procedures
Developed in One School in Other Schools, " describes four different
forms of test assessment, of which one is Criterion-Referenced

Testing. (ED 012 064; MF and HC available from EDRS)

Deno, Stanley and Joseph Jenkins, "Evaluating Pre-Planned
Curriculum Objectives, " unpublished paper presented at annual
National Research Convention, Washington D.C., 1967. (ED 036 177;
MF and HC available from EDRS)

Ebel, Robert L.., "Some Limitations of Criterion-Referenced Measurement,"
unpublished paper presented at American Educational Research
Association Convention, Minneapolis, March, 1970. (ED 038 670;
MF and HC available from EDRS)



131

Farr, Roger, "Reading Diagnosis: Trends and Issues,?" unpublished
paper presented at the meeting of the Nassan Reading Council,
Uniondale, New York, March, 1971. (ED 050 899; MF and HC
available from EDRS)

Ferguson, Richard L., "Computer-Assisted Criterion-Referenced
Measurement," a model instructional program utilizing the
services of the computer, Pittsburgh, 1969. (ED 037 089; MF
and HC available from EDRS)

, "Computer-Assisted Criterion-Referenced Testing,?!

a report of a school utilizing individually prescribed instructions,
Washington D.C., 1969. (ED 040 061; MF and HC available from
EDRS)

Fishbach, Thomas J., "Study of Relationships of Reading Mastery
Level to General Reading Achievement to Validate Diagnostic
Reading Tests,?? unpublished paper presented at the annual meeting
of the American Educational Research Association, New York,
February, 1971. (ED 049 285; MF and HC available from EDRS)

Forbes, David W., "Implications of Computer-Based Test Development
for a Total Testing Program,?? unpublished paper presented at the
meeting of the National Council on Measurement in Education,
Minneapolis, 1970. (ED 052 368; MF and HC available from EDRS)

Ford, J. D. and Jack Meyer, "A Test of Gagne's Hypothesis of
Hierachical Subtasks for Developing Learning Programs and an
Alternate Proposal,?" unpublished paper presented at the meeting
of the Western Psychological Association, Long Beach, California,
April, 1966. (ED 026 616; MF and HC available from EDRS)

Garvin, Alfred D., "The Applicability of Criterion-Referenced
Measurement by Content Area and Level,?? unpublished paper
presented at annual meeting of the National Council on Measurement
in Education, Minneapolis, March, 1970. (ED 041 038; MF and HC
available from EDRS)

Glaser, Robert and Anthony J. Nitko, "Measurement in Learning and
Instruction,?" unpublished paper presented at annual meeting of the
National Council on Measurement in Education, Minneapolis, March,
1970. (ED 038 873; MF and HC available from EDRS)



132

Goodman, Kenneth S., "Language Difference and the Ethno-Centric
Researcher,? unpublished paper presented at the American
Educational Research Association, Los Angeles, February, 1969.
(ED 030 107; MF and HC available from EDRS)

Hambleton, Ronald K. and William P. Garth, "1Criterion-Referenced
Testing: Issues and Applications,?? unpublished paper presented
at the annual meeting of the Northeastern Educational Research
Association, Liberty, New York, November, 1970. (ED 060 025;
MF and HC available from EDRS)

Harris, Marshall L. and David M. Stewart, "Application of Classical
Strategies to Criterion-Referenced Test Construction: An
Example,?? unpublished paper presented at the meeting of the
American Educational Research Association, New York, February,
1971. (ED 054 036; MF and HC available from EDRS)

Hsu, Tse Chi, "Empirical Data on Criterion-Referenced Tests,??
unpublished paper presented at the annual meeting of the American
Educational Research Association, New York, February, 1971.
(ED 050 139; MF and HC available from EDRS)

Jackson, Rex, "Developing Criterion-Referenced Tests, " a comparison
and discussion of criterion-referenced testing and norm-referenced
testing, Washington D.C., June, 1970. (ED 041 052; MF and HC
available from EDRS)

Kissel, Mary Ann and John L. Yeager, "An Investigation of the Efficiency
of Various Observation Procedures, " unpublished paper presented
at the annual meeting of the American Educational Research
Association, New York, February, 1971. (ED 048 372; MF and HC
available from EDRS)

Klein, Stephen, "Evaluating Tests in Terms of the Information They
Provide,?? unpublished paper presented at the Center for the Study
of Evaluation, Los Angeles, June, 1970. (ED 045 699; MF and HC
available from EDRS)

Lindvall, C. M., "Criteria for Stating I. P.I. Objectives,?? unpublished
paper presented at Research for Better Schools, Philadelphia,
July, 1968. (ED 036 166; MF and HC available from EDRS)



133

Lindvall, C. M. and Anthony J. Nitko, "Criterion-Referenced Testing
and the Individualization of Instruction, " unpublished paper presented
at the annual meeting of National Council on Measurement, Los
Angeles, February, 1969. (ED 036 167; MF and HC available from
EDRS)

Lipson, Joseph I. and Others, "The Development of an Elementary School
Mathematics Curriculum for Individualized Instruction, " unpublished
paper prepared for the Learning Research and Development Center,
Pittsburgh University, Pittsburgh, June, 1966. (ED 013 120; MF
and HC available from EDRS)

Livingston, Samuel A., "The Reliability of Criterion-Referenced
Measures, " unpublished paper prepared for the Center for the Study
of Social Organization of Schools, Baltimore, Maryland, July, 1970.
(ED 042 802; MF and HC available from EDRS)

Mattson, David E. , "Comparative Performance: The Basis of Criterion
Related Measures., " unpublished paper presented at the meeting of
the American Educational Research Association, Minneapolis, March,
1970. (ED 054-436; MF and HC available from EDRS)

McRae, Douglas J., " Multivariate Cluster Analysis, " unpublished paper
presented at the annual meeting of the American Educational Research
Association, New York, February, 1971. (ED 050 143; MF and HC
available from EDRS)

Nitko, Anthony J.., "Some Considerations When Using a Domain-Referenced
System of Achievement Tests in Industrial Situations," unpublished
paper presented at the meeting of the American Educational Research
Association, Minneapolis, March, 1970. (ED 037 793; MF and HC
available from EDRS)

, "Criterion-Referenced Testing in the Context of

Instruction," unpublished paper presented at the Educational Bureau-
National Council on Measurement in Education, New York, October,
1970. (ED 047 010; MF and HC available from EDRS)

, "A Model for Criterion-Referenced Tests Based on Use, "
unpublished paper presented at annual meeting of the American
Educational Research Association, New York, February, 1971.
(ED 049 318; MF and HC available from EDRS)



134

Pemberton, W. A., "The Grade Point Average: Snark or Boojum? ,
a special report on the subject of grades and grading at the
University of Delaware, Newark, New Jersey, September, 1970.
(ED 047 009; MF and HC available from EDRS)

Popham, William J., "Indices of Adequacy for Criterion-Referenced
Test Items," unpublished paper presented at the meeting of the
American Educational Research Association, Minneapolis, March,
1970. (ED 053 200; MF and HC available from EDRS)

Radocy, Rudolf E., "Development of a Test for the Nonperformance
Aspects of Music Education, " unpublished paper prepared for
Department of Research in Music, Pennsylvania State University,
University Park, Pennsylvania, February, 1971. (ED 051 251;
MF and HC available from EDRS)

Rahmlow, H. F. and Others, "An Empirical Investigation of Item
Analysis in Criterion-Referenced Tests, " unpublished paper presented
at the meeting of the American Educational Research Association,
Minneapolis, March, 1970. (ED 043 044; MF and HC available from
EDRS)

Richards, James M. , "Assessing Student Performance in College,"
unpublished paper prepared for Office of Education, Washington
D.C.., May, 1970. (ED 040 307; MF and HC available from EDRS)

Roudabush, Glenn E. and Donald Ross Green, "Some Reliability Problems
in a Criterion-Referenced Test," unpublished paper presented at
the annual meeting of the American Educational Research Association,
New York, February, 1971. (ED 050 144; MF and HC available from
EDRS)

Sapone, Carmelo V., "An Administrative View, " unpublished paper
presented at the annual meeting of the American Educational Research
Association, Chicago, April, 1972. (ED 064 333; MF and HC available
from EDRS)

Skager, Rodney W. , "Objective Based Evaluation: Macro-Evaluation,"
unpublished paper presented at American Educational Research
Association Convention, Minneapolis, March, 1970. (ED 038 710;
MF and HC available from EDRS)



135

Tenenberg, Morton S., "The Use of Criterion-Based Performance
Test in Revising a Social Studies Curriculum,? unpublished paper
presented at annual convention of the American Educational
Research Association, Minneapolis, March, 1970. (ED 049 988;
MF and HC available from EDRS)

Vargus, Julie S., "Item Selection Techniques for Norm-Referenced
and Criterion-Referenced Tests,? unpublished doctoral dissertation,
Department of Education, University of Michigan, Ann Arbor, Michigan.
University Microfilms, 1969, Number 69-19, 668.

Warrington, W. G., "1Criterion-Related Measures: Some General
Considerations,? unpublished paper presented at the meeting of the
American Educational Research Association, Minneapolis, March,
1970. (ED 038 196; MF and HC available from EDRS)

Weinberger, JoAnn, "Report of Comparison Between Iowa Test of Basic
Skills - Form 4 and IPI Continum 1967-68,," unpublished paper
prepared for Research for Better Schools, Incorporated, Philadelphia,
November, 1968. (ED 036 184; MF and HC available from EDRS)

Weiss, David J., "Assessment of Differential Abilities,? unpublished
paper presented at annual conference of the American Psychological
Association, Minneapolis, September, 1969. (ED 035 057; MF and
HC available from EDRS)


