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Abstract

A COMPARISON OF RELIABILITY ESTIMATES FROM SINGLE AND DOUBLE 

ADMINISTRATIONS OF CRITERION-REFERENCED TESTS

by

Mary Miller Schaefer 

Adviser: Professor Alan Gross

The primary purpose of Individualized instructional programs is to 

maximize each student's opportunity to learn. Measurement of students 

in an individualized Instructional program is keyed to the instruction 

provided to each student, and the appropriate measurement Information 

is how far the student has progressed along the instructional 

continuum. The student's achievement is compared to a criterion and 

thus the appropriate type of measurement is a criterion-referenced 

test. A criterion-referenced test is one which is designed to evaluate 

whether a student has met the acceptable performance standard(s) of 

Instructional objectives in an instructional program. Those who meet 

or exceed performance standards are considered masters while those who 

do not meet the performance standards are nonmasters.

The determination of reliability for criterion-referenced tests has 

centered on the view of reliability as the consistency of mastery 

classification decisions from one testing to another or on two forms of 

a criterion-referenced test. Three models for determining reliability
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were examined in a test-retest setting to investigate the effect of 

five student and test characteristics on the resulting reliability 

coefficients. One model (k), considered the standard, used data from 

two test administrations. The two other models (k^ and Pcs) were 

developed for use when only data from a single test administration were 

available. The single administration estimates were compared to the 

standard for each testing condition and all the criterion-referenced 

reliability coefficients were compared to norm-referenced reliability 

coefficients computed on the same data.

Coefficient k generally has the lowest values and the largest 

standard errors. The size of k increases with increased test length, 

decreases when a cut-off score is set at an extreme point such as 100 

percent, and seems to be maximized by larger sample sizes which also 

results in smaller standard errors. The heterogeneity of test content 

had a mixed effect on k.

The estimate of kappa, k^, generally had slightly larger mean 

values than the mean values of k and smaller standard errors. The mean 

values of k^ increased with test length, and the mean values were 

highest for a cut-off score of 80 percent. The change in sample size 

did not predictably affect k^ and the mean values of k^ were 

highest for the low ability groups. The violation of test item 

homogeneity appeared to reduce k̂ .

The coefficient of agreement p£8 was the highest reliability

coefficient with the smallest standard errors, across all analyses.

The high values of pcg were partly due to the difference in scaling

between p and the kappa coefficients. The mean values of p did *cs vv *cs
increase with test length and the maximum mean values occurred at the



60 percent cut-off score. The size of the pcs coefficient varied for 

ability level by cut-off score and test length. The pcg coeffi­

cients' mean values were higher for one classroom samples than for the 

larger group, and the heterogeneity of test content Increased the size 

of the mean values of pC8
The estimate of k, k^, overestimated k under all conditions 

except heterogeneous test content. There was little relation between 

Pcg and k under any conditions, with pcg being consistently much 

larger than k.

Additionally there was no consistent pattern of relationships 

between the norm-referenced and criterion-referenced coefficients.
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Chapter 1 

INTRODUCTION

Background

In many of the instructional programs which are based on a 

mastery learning strategy, there is an extensive use of tests to 

determine when a student has met an acceptable level of performance 

or criterion. The information provided by the test is used to 

evaluate the student's mastery of objectives for the purpose of 

assigning him/her to the next appropriate level of instruction. 

Typically, a mastery score (or cut-off score) is set on each subset 

of test items to allow the teachers to assign students into one of 

two mutually exclusive categories— masters and non-masters— based on 

their performance on the items measuring an objective (Hambleton, 

1974). Mastery, then, is used as a label which characterizes an 

individual's achievement with respect to the instructional 

objectives (Meskauskas, 1976). Not only have individualized or 

objectives-based instructional programs been developed by such large 

groups as the American Institutes for Research and the Westinghouse 

Learning Corporation (Program for Learning in Accordance with 

Needs— PLAN), but also by county and city school systems which have 

been attempting to make instruction more responsive to students' 

needs. Once an instructional program and the appropriate tests have 

been developed, program designers and implementers are faced with
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the problem of determining how much a student has learned. This 

determination should necessarily encompass questions of student 

achievement and also questions about the reliability and validity of 

the tests which are typically used to determine this achievement.

If tests are used in an objectives-based program to assign 

students to a mastery state with respect to particular objectives, 

it is important to determine whether the tests are reliable. It has 

been shown that classical reliability estimates are generally 

considered inappropriate for criterion-referenced measures and a 

considerable amount of literature has been published which deals 

with the problem of reliability for criterion-referenced tests. 

However, as will be illustrated in Chapter 2, the literature is far 

from consistent in the way the authors conceptualize the concept of 

reliability for criterion-referenced tests.

Concepts of Reliability

Hambleton, Swaminathan, Algina and Coulson (1978) delineate 

three concepts of reliability that arise in the context of criterion- 

referenced testing: reliability of mastery classification decisions,

reliability of criterion-referenced test scores, and reliability of 

domain score estimates (pp. 15-23).

The first concept, the reliability of mastery classification 

decisions, is concerned with the consistency with which individuals 

are classified as masters or nonmasters on two forms of a criterion- 

referenced test. Masters are individuals who meet or exceed the 

standard of performance (or criterion) while nonmasters are those 

whose achievement does not equal the criterion level of performance.
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The second type of reliability, the reliability of criterion- 

referenced test scores, refers to the stability of deviations from 

the criterion score on two forms of a criterion-referenced test.

For example, a student's score of 24 (out of a criterion score of 

25) on two forms of a criterion-referenced test would be perfect 

reliability because the deviation of -1 is the same across both 

forms. Scores of 24 on Form 1 and 20 on Form 2 would indicate lower 

reliability because the score deviates -1 from the criterion score 

on one form and -5 from the criterion on the second form.

The third type of reliability, the reliability of domain score 

estimates, is different from the first two types in that it does not 

involve setting a criterion score and thus does not determine 

masters and nonmasters. This reliability concerns the consistency 

of students' scores across two forms of parallel tests. The 

reliability of domain score estimates is appropriate when the 

purpose of the test is to estimate the number or the proportion of 

similar items which students can answer correctly.

Support for reliability of mastery classification decisions has 

been advanced primarily by Hambleton and Novick (1973) and 

Swaminathan, Hambleton, and Algina (1974), who maintain that the 

crucial reliability issue is whether or not an examinee is con­

sistently assigned to the same side of the criterion on two 

tests— i.e., is the student consistently found to be a master or a 

nonmaster? Swaminathan, Hambleton and Algina (1974) recommend the 

use of coefficient kappa (Cohen, I960) to determine reliability for 

criterion-referenced tests.
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Two other models for determining reliability which are based on 

this definition of criterion-referenced reliability are those 

developed by Huynh (1976) and Subkoviak (1976). Huynh's (1976) 

model can be used to estimate reliability from a double or a single 

administration of a criterion-referenced test, and Subkoviak's model 

is intended for use when there has been only a single administration 

of a criterion- referenced test. Huynh (1976) calls the primary 

purpose of criterion-referenced testing the classification of 

examinees into the two achievement states of mastery and nonmastery. 

Subkoviak (1976) defines a coefficient of agreement for a student as 

the probability that the student is assigned to the same mastery 

state on two parallel tests.

The Problem

In an instructional program which is based on a mastery learning 

strategy, the object is for all students to reach mastery by 

providing instruction in such a way that students can proceed at 

their own pace and so they can master essential skills upon which 

subsequent learning will be built. The philosophy is that all 

students can reach mastery if certain conditions are met to account 

for individual differences in learning. One issue which is part of 

a mastery learning strategy is whether the classification of a 

student as a master is equivalent to labelling the student 

proficient in that particular learning area. In order to have 

confidence in the classification of a student as a master, it is 

necessary to have tests which are reliable. But there remains a 

question about whether there is one method of estimating reliability
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that is most appropriate for accurately determining that a student 

is a master and is thus proficient in a unit of instruction.

Additionally, program developers are increasingly specifying 

program objectives which are formulated in terms of absolute 

standards. These standards are used to judge the significance of 

educational programs. For example, school districts which have 

instituted or plan to institute competency tests for students set 

absolute standards which the students must meet in order to be 

determined to be competent. In this type of assessment the issue of 

reliability really concerns the consistency with which examinees are 

assigned to mastery or nonmastery categories— that is, the 

reliability of mastery classification decisions.

The focus of the present research will be on three reliability 

measures which reflect the same theoretical view of reliability for 

criterion-referenced assessment— the reliability of mastery classifi­

cation decisions. This view of reliability is relevant to current 

educational practitioners and it is expected that the present 

research may point out particular sensitivities of the different 

estimates which may be useful for deciding which estimates to use 

under specific conditions.

One purpose of this research, then, will be to examine three

reliability estimates coefficient kappa (k) (Cohen, 1960) and

suggested for use with criterion-referenced tests by (Swaminathan,

Hambleton, Algina (1974), Huynh's (1976) single administration

estimate of coefficient kappa (It ) and Subkoviak's (1976) singleH
administration estimate) using the same data set for each estimate.
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The computation of coefficient kappa is only possible when there 

have been two test administrations whereas the other two coeffi­

cients can be computed when there has been only one test administra­

tion. Student outcomes on criterion-referenced tests will be 

examined in a test and retest setting to determine the sensitivity 

of the three reliability estimates to an entire set of test and 

examinee characteristics.

A second purpose of this research will be to try to determine 

the relationship of the two estimates of reliability to kappa. 

Coefficient k is an ideal measure because it requires two test 

administrations, and when two test administrations are possible, k 

represents a standard. Thus, if possible, k is the reliability 

coefficient one would choose to compute. However, it is not always 

feasible to administer a test twice and in those instances one needs 

to estimate reliability using only a single test administration. If 

a reliability estimate correlates positively with k, one can 

consider that the estimate behaves in the same way under particular 

conditions. Therefore, correlation coefficients will be computed 

between each of the two reliability estimates and k under varying 

conditions to investigate how the relationship of these two measures 

to k changes. Further, in order to investigate whether k is a good 

estimate of k under different conditions the mean difference score 

(k-ft) will be computed for the conditions which are varied. This 

analysis will not be undertaken for Subkoviak's estimate of 

reliability since it is not intended as an estimate of k.
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Another issue concerns the relationship of reliability to (1) 

cut-off score and (2) test length. In other words, how do each of 

the three estimates behave as test length and cut-off score - i.e., 

mastery rates - vary, and further how does the relationship of the 

two measures to k change when mastery rates vary?

Another question is how does (3) variability in students' 

ability affect the reliability estimates? If a test is administered 

to students who are more proficient in the subject area, as 

determined by a standardized achievement test in mathematics, as 

well as to students who are less proficient in the subject area, how 

does the relationship between the two estimates and k change for 

these two groups of students?

Two other issues concern (4) the size of the sample and (5) the 

heterogeneity of test content, each of which could have an effect on 

the reliability estimates. Heterogeneous test content is achieved 

through combining items from different levels of objectives within 

the skill areas of multiplication or division. The objectives in 

the mathematics program are hierarchical and an example of 

heterogeneous test content would be items from several levels 

combined into one test. These items might include: multiplication

of one-digit numbers by one-digit numbers under five; multiplication 

of two-digit numbers by 6, 7, 8 and 9; multiplication of two-digit 

numbers by two-digit numbers.

The preceding five characteristics were selected for analysis 

because they are characteristics which would probably affect 

reliability estimates for norm-referenced tests and it is thus of
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interest Co investigate how these characteristics affect reliability 

estimates for criterion-referenced tests.

These major purposes of the research may be summarized as 

follows:

I. How is coefficient kappa, k, the standard affected by 
test length (n), cut-off score, student ability, 
sample size (N), and test content heterogeneity?

II. How are Huynh's single sample estimate kH and 
Subkoviak'8 coefficient pc(s) affected by test 
length (n), cut-off score, student ability, sample 
size (N) and test content heterogeneity?

III. Do kn and pc(s) behave in the same way as k for 
these differing conditions?

IV. Is leu a good estimate of k for these varying 
conditions?

A final issue is whether a reliable determination of a student's 

mastery of an area can be considered similar to student 

proficiency. If an outside criterion of proficiency can be 

identified, one can assess the validity of a criterion-referenced 

test, i.e., the accuracy with which it distinguishes between masters 

and nonmasters. It is then of interest to investigate the 

relationship between this validity and the estimated reliability of 

the test.
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Chapter 2 

REVIEW OF THE LITERATURE

The necessity of developing individualized instructional 

programs has become apparent from the results of research during the 

past decade or two. Several studies have shown that students differ 

along many dimensions such as interests, motivation, and learning 

rate, and thus instruction aimed at a group of students may be 

inappropriate for individual students. Instructional programs which 

are individualized have as their primary purpose to maximize each 

student's opportunity to learn. Therefore, measurement of students 

in an individualized instructional program is keyed to the instruc­

tion provided to each student, and the appropriate information 

gathered by measurement is how far the student has progressed along 

the instructional continuum. The student's achievement is compared 

to a criterion and thus the appropriate type of measurement is a 

criterion-referenced test. A criterion-referenced test is one which 

is designed to evaluate whether a student has met the acceptable 

performance standard(s) of instructional objectives in an instruc­

tional program. Criterion-referenced tests are generally used quite 

frequently in individualized instructional programs because the 

student's mastery or lack of mastery of the objectives being 

measured determines his placement for further instruction. In an 

individualized instructional program, one of the crucial assumptions 

is that all students can attain mastery of all the objectives, but 

the amount of time needed to attain mastery may vary among students.
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While criterion-referenced measurement is the focus of the 

present research, a discussion of criterion-referenced measurement 

cannot ignore the concept of mastery learning which had its 

historical roots in the 1920's and which became an important concept 

again in the 1960's. The first introduction of the mastery learning 

concept in this country's schools occurred in the Winnetka Plan 

which was the work of Washburne (1922). Block (1971) has 

hypothesized that while the program flourished in the 1920's, it was 

probably abandoned because of a lack of technology to sustain it.

The concept surfaced again in the early 1960's with the movement to 

develop programmed instruction. The purposes of programmed 

instruction were to facilitate student learning by breaking down 

even the most complex skills into simpler components which the 

student could learn and to give the student immediate feedback on 

his/her response to questions about the behavior(s) learned in 

progressing through the instructional sequence. Students were 

presented with material in an "instructional frame" and at the 

completion of the frame, they were asked a question to determine if 

they had adequately learned the material. If the response were 

correct, the student's learning was reinforced and he/she proceeded 

to the next instructional frame. If, however, the response were 

incorrect, the error was corrected immediately. Each student 

progressed through the instructional sequence at his/her own rate. 

Many large scale educational systems were developed (Project PLAN, 

IPI) in the 1960's which were attempts to improve on programmed
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instruction and which were based on a mastery learning paradigm 

developed by Bloom (1968).

Bloom's (1968) mastery learning model grew out of an attempt to 

improve programmed instruction because not all types of students 

were learning effectively in a programmed instruction situation.

The units available did not adequately handle individual differences 

in learning, and Bloom thus elaborated on a conceptual model of 

school learning developed by Carroll (1963) to develop a mastery 

learning model.

Carroll (1963) proposed a model of school learning which had 

five variables: aptitude, quality of instruction, ability to

understand instruction, perseverance, and time allowed for learning. 

These five variables interacted to determine degree of learning for 

each student.

Aptitude is viewed by Carroll (1963) as the amount of time 

required by each learner to achieve mastery of a learning task.

This viewpoint would assume then that given an adequate amount of 

time any learner would be able to achieve mastery of the learning 

task.

The second variable in this school learning model is quality of 

instruction, and in this model, quality of instruction is defined in 

terms of individual learners. Instead of assuming that there be 

quality of instruction for an entire group or classroom of learners, 

Carroll (1963) defines quality of instruction as the degree to which 

presentation, explanation, and ordering of the learning task is the 

best for each student.
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The Ability to understand instruction is also defined in terms of 

the individual learner and is the ability of the learner to understand 

the nature of the learning task and how he is to go about learning it.

Perseverance is the amount of time which the student is willing to 

spend actively involved in learning a task. Closely related to 

perseverance is the time allowed for learning, the fifth variable in 

Carroll's (1963) model. This variable is simply the amount of time 

allocated by the teacher to each student for a given learning task.

In developing his strategy for mastery learning from Carroll's 

(1963) model, Bloom (1968) first discussed the relationship of aptitude 

and achievement which he felt was implicit in Carroll's model. That 

is, if learners are normally distributed with respect to aptitude for a 

learning task and all students are then given the same amount and 

quality of instruction with the same time allowed for learning, then 

the learners will be normally distributed with respect to achievement. 

However, if the amount and quality of instruction and learning time 

allowed for irfiftruction are varied for each student, then even if the 

students are normally distributed with respect to achievement, the 

majority of students will achieve mastery. The correlation between 

aptitude and achievement should be very low if the instructional 

variables are made appropriate for each learner.

Bloom (1968) incorporated the major variables in Carroll's model 

into a suggested strategy for mastery learning. He identified some 

preconditions, suggested some necessary operating procedures and 

described possible measurable outcomes.
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To begin with, one required precondition is the "specification 

of the objectives and content of instruction and the translation of 

these specifications into sunnnative evaluation procedures" (Bloom, 

1968, p. 57). Mastery must be defined and one must be able to 

determine if students have achieved mastery.

Useful operating procedures consist of both the division of the 

subject to be taught into smaller units and the use of formative 

evaluation instruments to measure mastery of learning tasks. The 

division of a subject into smaller units can be accomplished by 

using the ideas of Bloom (1956) and Gagne (1965) to break down each 

subject into specific elements. The formative evaluation instru­

ments are brief diagnostic tests based on particular objectives and 

are used to determine mastery or nonmastery of objectives. The 

tests are diagnostic in the sense that achievement on the tests 

determines the next step for the students in their instructional 

sequence. If the students do not master the tests, they can be 

assigned to remediation activities, and if they do master, they 

continue to the next scheduled learning task. The results of these 

tests ideally provide positive feedback to students who master them 

and provide prescriptive feedback to students who do not master 

them. Additionally, the tests provide feedback to the teachers 

about particular instructional aspects of the unit which may need 

modification. These formative tests are keyed to a particular 

objective, and a standard (or criterion) is set on the tests which a 

student must meet to achieve mastery. The students' achievement is 

compared to the standard, not to each other's achievement, and thus 

the tests are often referred to as criterion-referenced tests.
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An achievement test's scores provide two types of information.

One type is the degree to which the student has achieved the 

criterion performance. The second type of information provided by 

an achievement test score is the ordering of students according to 

their performance on the test. The first type of information - the 

student's attainment of a standard or criterion is criterion- 

referenced. A test which yields that type of information is a 

criterion-referenced test. The second type of information - the 

student's ranking in a group - is norm-referenced. A test which is 

designed to yield that type of information is a norm-referenced test.

One of the first articles to discuss and to differentiate 

between these two types of measurements was written by Glaser 

(1963). Glaser's (1963) initial concern was with the determination 

of the effectiveness of programmed learning and teaching machines.

In this context he proposed the distinction between the two types of 

measurement information which can result from achievement testing.

The first type of measurement is the information about whether a 

student has attained a certain performance level on the test and the 

second piece of information concerns where a student ranks among 

other students who have taken the same test. A student's attainment 

of a performance level is considered criterion-referenced while a 

student's capability in comparison with other students is considered 

norm-referenced. Glaser pointed out that when students are assessed 

in relation to a criterion or standard, one obtains information 

about students' competence which is independent of their relation to 

the performance of others. It is this type of information which he
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felt was most important when determining the effectiveness of 

instructional technology.

A further point made by Glaser is the importance of the difference 

in the selection criteria of test items depending upon the type of 

measurement to be used. For an achievement test of individual dif­

ferences (i.e., norm-referenced) one would choose items which will 

discriminate among individuals having had the same treatment while for 

a test to distinguish between groups one would choose items to show 

that a particular treatment was effective. Glaser concluded the 

article by mentioning a growing recognition in the field of education 

that the assessment of levels of competence needed many new considera­

tions different from those which grew out of the most wide-spread type 

of assessment - norm-referenced assessment. This article really 

called for new approaches to assessing learning outcomes.

It was not until the late 1960's and early 1970's that educational 

testing experts really became publicly concerned with the differences 

between criterion-referenced testing and norm-referenced testing. In 

a paper prepared for Educational Measurement, Glaser and Nitko (1970) 

specified:

A criterion-referenced test is one that is deliberately 
constructed to yield measurements that are directly 
interpretable in terms of specified performance standards 
(p. 653).

Glaser went on to explain that these types of tests were to be used 

to describe an individual's performance in relation to a "specified 

domain of tasks." Therefore, the performance standard(s) must be 

determined before the test is constructed. Since one is interested 

in assessing a student's achievement of performance standards, tests
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which are constructed for this purpose can be interpreted without 

referring to a norm-group, and this fact is a crucial distinction 

between criterion-referenced and norm-referenced tests.

Popham and Husek (1969) enumerated six points which differentiate 

criterion-referenced tests from norm-referenced tests, and these six 

points elaborated Glaser's initial distinction between these two 

types of tests. The first issue is that of variability. For 

norm-referenced tests variability is a desirable property as one is 

interested in the comparison of scores and maximizing individual 

differences. One wants to be able to discuss the position of a 

student's score in relation to the other scores on the test and, 

therefore, variability is important. For criterion-referenced 

tests, however, the score's meaning results from the relation of the 

score to the criterion score or performance standard. Variability 

of scores for criterion-referenced tests is not desirable since the 

object is to have all students achieve mastery.

A second area of difference between norm-referenced and 

criterion-referenced tests is that of item construction. For 

norm-referenced tests, one is interested in differentiating among 

students who are taking the test. Therefore, item choices are made 

so that items are not too easy or too hard and so that they ideally 

maximize the differences among the different achievement levels of 

students. For a criterion-referenced test, however, the aim of the 

item-writer is to insure that each item is an accurate reflection of 

the performance standard one is measuring. It is not important if 

the item is difficult or easy, or whether the item discriminates
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among students as long as the item is representative of the behavior 

which is considered criterion behavior.

As more attention was being directed toward criterion-referenced 

measurement, Ebel (1971) and Block (1971) defined criterion- 

referenced measurement and discussed its limitations (Ebel) and its 

potential (Block). Ebel maintained that the difference between 

norm-referenced and criterion-referenced measurements was "in the 

quantitative scales used to express how much an individual can do." 

(p. 283). For norm-referenced tests, Ebel asserted that the scale 

is "anchored in the middle on an average level of performance for a 

particular group of individuals" while for criterion-referenced 

measurements, "the scale is usually anchored at the extremities a 

score at the top indicating complete or perfect mastery of some 

defined abilities; one at the bottom indicating complete absence of 

these abilities." (p.283). Ebel continued to delineate what he felt 

were limitations for criterion-referenced measurement: inability to

tell all one needs to know about educational achievement, difficulty 

of obtaining good criterion-referenced measures, and lack of meaning­

ful criteria for criterion-referenced measures. Block (1971) in a 

companion article rebutted Ebel's limitations and also talked about 

the distinction between norm-referenced and criterion-referenced 

measures. Block maintained that scale properties alone could not 

distinguish the two types of measures and that the distinction could 

only be made by examining . . . "the purposes for which they are 

made, the manner in which they are obtained, the specificity of 

information they provide regarding student learning and the purposes 

for which they are used . . . ." (p. 290).
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Hambleton and Novick (1973) distinguished between norm-referenced

and criterion-referenced tests in terms of the kinds of decisions

they are designed to make. They characterized testing as a

"decision-theoretic" process. Norm-referenced measurement is seen

by them as particularly appropriate when one is interested in "fixed

quota selection" or in "ranking individuals on some ability

continuum." (p. 162). Criterion-referenced measurement, however,

is most appropriate for "quota-free selection" where there is no

restriction on students who can "exceed the cut-off score or

threshold on a criterion-referenced test." (p. 163). The purpose of

the test is to divide students into two groups which are mutually

exclusive, masters and nonmasters.

Millman (1974) coined a new term for criterion-referenced

measurements - domain-referenced tests. His definition of a domain-

referenced test (DRT) was:

Any test consisting of a random or stratified random sample 
of items selected from a well-defined set or class of tasks 
(a domain), (p. 315).

Millman asserted that since a DRT was made up of a sample of items

from a well-defined population of items, one could estimate an

"examinee's domain score or level of functioning, defined as the

percent of the population of items the examinee could answer

correctly or in a given direction." (p. 315).

In a relatively recent review of developments in the field of

criterion-referenced testing and measurement, Hambleton,

Swaminathan, Algina, and Coulson (1978) differentiate among

criterion-referenced tests, domain-referenced tests, and

objectives-referenced tests. Using a definition of Popham's (1975):
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A criterion-referenced test is used to ascertain an 
individual's status (referred to as a domain score) with 
respect to a well-defined behavior domain, (p. 130).

they see relatively no difference between criterion-referenced and 

domain-referenced tests. However, unlike criterion-referenced 

tests, objectives-referenced tests have no domain of behavior 

specified and items are not considered to be representative of any 

behavior domain." (p. 3).

It is clear from the preceding discussions that there is 

disagreement in the literature about the meaning and the utility of 

criterion-referenced measurement. In fact, the 1978 Annual Meeting 

of the American Educational Research Association replaced its 

presidential address by a presidential debate: The Case for Norm-

Referenced Measurements (Ebel, 1978) vs. the Case for Criterion- 

Referenced Measurements (Popham, 1978). One of the problems 

implicit in the division of theoretical experts pro or con 

criterion-referenced testing is the limited development of pro­

cedures for dealing with statistical and psychometric questions.

While reliability and methods for determining reliability of 

criterion-referenced tests will be dealt with in detail in Chapter 

3, briefly it can be noted that classical estimates of reliability 

depend upon test score variability. Therefore, these estimates are 

not appropriate for use with criterion-referenced tests since there 

may be instances when all students achieve perfect scores and there 

would be no test score variability. The lack of test score 

variability would also render classical stability estimates 

questionable. The problem with validity estimates is the same.
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Many estimates of validity are based on correlations which, again, 

will approach zero when criterion-referenced measures are correlated 

with normally distributed variables. For criterion-referenced 

tests, judgment of a test's relevance to the performance standard 

may be considered a more logical means of determining the test's 

validity.

The traditional use of item analysis in test validation has been 

to find items which do not discriminate among groups of students, 

generally between the more and less knowledgeable students. Items 

are discarded if they are too difficult, too easy, or ambiguous. 

However, these judgments do not apply for criterion-referenced 

tests. An item which discriminates positively (more of the more 

knowledgeable students answer the question correctly) would be 

judged as adequate, and an item which discriminates negatively (more 

of the less knowledgeable students answer the question correctly) 

should probably be discarded. However, items which do not 

discriminate at all may be included on the test if they represent 

essential knowledge which all students must acquire.

A final distinction between norm-referenced and criterion- 

referenced tests arises from the reporting and interpretation of the 

test scores. For an achievement test, scores are generally reported 

as standard scores, grade equivalents, stanines, all of which are 

scores which display an individual's performance relative to the 

group of test takers. For a criterion-referenced test, however, the 

relevant information is whether or not an individual has reached a 

performance standard (mastery). Therefore, it might be most 

appropriate to report simply success or failure in reaching the
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performance standard. In some instances, degrees of failure (i.e., 

hov close did the student come to success) may be reported depending 

upon the use to be made of the data.

However, since Glaser's (1963) seminal article on criterion- 

referenced testing, there have been major developments in the field 

of criterion-referenced testing of procedures for dealing with 

statistical and psychometric questions. It may be noted, however, 

that many of the procedures have been theoretical only, and many 

have not been tried out with actual criterion-referenced data.

Also, many procedures make certain assumptions about the distribu­

tion of the data, and there are questions about what kinds of 

results would occur if the model's assumptions were violated. In 

general, despite a relatively rapid growth in psychometric techni­

ques for dealing with criterion-referenced measurements, many 

questions remain. One of the areas which has a lack of answers to 

many questions is the area of reliability.

The necessity for developing models for determining reliability 

of criterion-referenced tests can be introduced by a brief review of 

classical reliability theory. Appropriate reliability measures for 

any instrument consist of test-retest reliability (stability of test 

performance over time), internal consistency, and parallel forms 

reliability (consistency of performance on parallel tests).

Underlying the determination of reliability measures in classical 

test theory is the concept of true score. In fact, reliability is 

defined as the ratio of true score variance to observed score vari­

ance or as the squared correlation between true scores and observed 

scores (Lord and Novick, 1968). However, since true scores are
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unobservable, one must estimate them, and in classical test theory 

there are two ways to estimate true scores. One method requires 

that either the same test be administered at two different times or 

that parallel forms be administered at two different times. These 

testing situations would enable one to determine test-retest or 

parallel forms reliability. With one test administration, one can 

determine the internal consistency of a test by computing split-half 

test score correlations or by computing the correlation of item 

total and test score. These methods for determining reliability for 

a norm-referenced test are based on test score variance. Large reli­

ability coefficients suggest that a student's performance will be 

approximately the same on two test administrations, and they also 

indicate that the test discriminates among the students. Discrimina­

tion among students is a major consideration for norm-referenced 

tests.

However, as we have seen earlier, the goal of criterion- 

referenced tests is not to maximally discriminate among students.

The goal of a criterion-referenced test is to determine the achieve­

ment (or mastery) of a performance standard. The concern is simply 

whether students do or do not reach a performance standard. Those 

students who do reach this standard are considered masters while 

those who do not reach the standard are considered nonmasters. The 

results of a criterion-referenced test would be used to classify 

students into these two mastery categories. It is possible, and in 

many cases it is desirable, for all the students who are classified 

as masters to have achieved a perfect score on the criterion- 

referenced test. If this is the case, there is no test score
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variance for this group of students. Therefore, if one were to use 

classical reliability methods to investigate the internal consistency 

of this criterion-referenced test, the reliability coefficient would 

be close to zero. Indeed, the central issue for determining reli­

ability for criterion-referenced tests is the replicability of the 

mastery decision, i.e., to assign appropriate students to mastery 

and nonmastery categories.

The development of models for determining reliability for 

criterion-referenced tests began very soon after the publication of 

Glaser's (1963) article. Cox and Graham (1966) developed a coef­

ficient of reproducibility in working with what they felt was a 

special type of criterion-referenced measure, a sequentially scaled 

achievement test. This type of test would be constructed so that a 

student could answer all items up to a certain point - that stu­

dent's level of attainment - and then would be unable to answer any 

questions beyond that point. An investigation of a student's score 

on this type of test would enable one to learn a student's response 

pattern because of the Guttman scale quality of the test. An 

analysis of a group of such scores would yield a coefficient of 

reproducibility. This coefficient would indicate how well a 

student's response pattern could be reproduced from knowing his 

total score. Cox and Graham suggest that this coefficient might be 

used as a "type of reliability estimate across all individuals 

taking the test." (p. 148).

Popham and Huaek (1969) historically seem to be the next to 

discuss the issue of criterion-referenced test reliability. Yet 

their discussion consisted primarily of an explication of the
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inappropriateness of classical reliability indices for criterion- 

referenced tests due to the lack of test score variability. They 

did not develop any alternative models for determining reliability.

Carver (1970) suggested two possibilities for determining the 

reliability of criterion-referenced tests. One method consisted of 

administering the same criterion-referenced test to two groups of 

students at the same level of instruction. A comparison of the 

percentage of students classified as masters was one indication of 

the test's reliability. An alternative procedure consisted of the 

administration of two parallel tests to the same students and a 

comparison of students classified as masters on the two forms was 

suggested as the index of reliability. For both procedures, the 

comparability of percentages of master classifications determined 

the reliability i.e., the more comparable the percentages, the more 

reliable the tests.

Livingston (1972a) maintained that it was not necessary to 

discard concepts of classical test theory to determine the 

reliability of criterion-referenced tests. The assumption under­

lying the development of his reliability estimate was that the 

purpose of a criterion-referenced test was to discriminate each 

examinee's estimated domain score from a cut-off score. Using this 

assumption, Livingston went on to replace variance for a 

criterion-referenced test by the mean squared deviation of the 

scores from the criterion or cut-off score, rather than from the
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mean of sample scores as in classical test theory. Thus, when the

criterion score is equal to the mean score, the reliability estimate

which Livingston develops is the same as the classical estimate.

Livingston's coefficient drew criticism from several sources.

Harris (1972) showed that even though Livingston's coefficient is

larger than the classical coefficient, the standard error of

measurement is the same and, therefore, the "larger coefficient does

not imply a more dependable determination of whether or not a true

score falls below or exceeds a given criterion value." (p. 28).

Livingston (1972b) countered that reliability is a characteristic of

a group of scores, not a single score and that the larger coefficient

"does imply a more dependable overall determination of 
whether each true score falls above or below the criterion 
level when this decision is to be made for every individual 
score in the distribution." (p. 31).

Shavelson, Block, and Ravitch (1972) criticized Livingston on 

several issues, but one of the issues was that of the necessity to 

divide a criterion-referenced test into subscales (other authors 

subsequently raise this issue as well). They argue that criterion- 

referenced tests should be "divided into subscales with a criterion 

for each subscale and that reliability should be estimated for each 

subscale." (p. 135). They find it inappropriate to report the 

reliability of test scores which have been obtained by summing 

across test items which have been written to assess different 

objectives.

Hambleton and Novick (1973) maintained that the purpose of 

criterion-referenced tests was the assignment of students to mastery 

states, and that accordingly, questions of reliability should deal
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with whether or not students were consistently assigned to mastery

states across parallel forms or retest administrations. Their view

then of reliability for criterion-referenced tests is reliability of

mastery classification decisions. They propose an index of

reliability (p ) when individuals are to be classified into m o —
mastery states:

m
Po " 51 Pkk k*l

In this index, p^ is the proportion of all examinees classified 

in the kth mastery state on the two test administrations. Then po
is the observed proportion of decisions which are in agreement. 

Hambleton and Novick's conceptualization is based on a view that a 

threshold loss function (as opposed to a squared error loss function 

such as that of Livingston (1972a)) is a more appropriate way to 

regard reliability estimates for criterion-referenced tests. The 

losses which are important are due to misclassification of students 

to mastery states. The size of the test scores themselves are not 

important. One might then call the Hambleton and Novick approach to 

reliability a decision-theoretic approach.

Swaminathan, Hambleton, and Algina (1974) following a 

decision-theoretic approach expanded upon the index of reliability 

(pQ) proposed by Hambleton and Novick (1973). They stated the 

primary purpose of criterion-referenced tests as the assignment of 

examinees to one of k mastery states for each objective measured by 

items on the test. Thus they defined reliability as the consistency 

of decisions about mastery states. They felt that the index p
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did not take into account the proportion of agreement that occurs by

chance alone and recommended the use of coefficient k (Cohen, 1960)

as an index of reliability. In the case of two administrations of a

criterion-referenced test to a group of examinees, p.. » the
ij

proportion of examinees placed in the ith mastery state on the first

test administration and in the jth mastery state on the second test

administration. Coefficient k is defined as:

k ■ (p - p ) / (1-p ) o c c
where p , the observed proportion of agreement, is given by: o

k

Po E Pii
i-1

and pc, the expected proportion of agreements, is given by:

k
Pc * E Pi. P.i

i*l

p. and p . represent the proportion of examinees assigned to 1 • *1
mastery state i on the first and second test administrations, k can 

then be considered the proportion of agreement which exists over and 

above that which can be expected by chance alone. It is interesting 

to note that the authors "stress" that this coefficient assesses 

reliability only for tests measuring one objective and that if there 

are several objectives being measured, there will be several 

reliability coefficients.

Millman (1974) suggested three different approaches for data 

analysis for estimating reliability. The first approach, 

consistency of scores on parallel tests, requires computing a total 

score for each student on each of two sets of items drawn from the
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same domain. The smaller the discrepancy between the two scores, 

the more reliable the test. The consistency of decisions made from 

parallel tests is the second approach for which one computes the 

agreement of decisions suggested by scores on parallel tests. The 

third approach, consistency of item scores, is determined by 

examining the consistency of responses to matched items on parallel 

tests. An example of an index measuring this would be the pro­

portion of all times the test takers passed both or failed both of 

each pair of matched items. While Millman does mention this third 

approach, he goes on to suggest that it may actually provide more 

information about properties of the items than the reliability of 

the test.

One characteristic of most of the preceding models is the fact 

that they require two test administrations. In most test applica­

tions, it is impractical to assume that two test administrations 

will exist. Huynh (1976) developed a procedure for estimating 

coefficient kappa (k) on the basis of a single test administration. 

Two conditions are necessary for this procedure: (1) underlying

true scores on the test are distributed as a beta distribution (a 

continuous distribution with parameters r and n) and (2) the distri­

bution of test scores for a fixed individual is assumed to be 

binomial in form. The assumption of a binomial distribution is most 

tenable for dichotomously scored items, independent items, and items 

of equal difficulty. Huynh concluded that the model developed was 

"particularly suitable when testing is intermingled with instruc­

tion." (p. 263). Similar to a classical reliability index, k
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increases as a function of test length and score variability, k 

also varies with cut-off score and has smaller values at both 

extremes (high and low) of the score range.

A similar model to that developed by Huynh (1976) is one 

proposed by Subkoviak (1976). The reliability estimate is called 

the coefficient of agreement and results from a single administra­

tion procedure for estimating the reliability of a criterion- 

referenced test. The procedure is based on two assumptions:

(1) scores x^ and x'^ (scores on parallel tests) are 

independently distributed and (2) the distributions of x^ and 

x̂ ' for a fixed person are identically binomial in form. The 

coefficient of agreement, pc, is an estimate of the extent to 

which students would be assigned to the same mastery states as a 

result of two test administrations.

Another recent approach to this issue was developed by Brennan 

and Kane (1977). They developed an index of dependability in the 

context of generalizability theory (Cronbach, Gleser, Nanda, and 

Rajaratnam, 1972). The index is quite similar to that developed by 

Livingston (1972) and consequently is based on a concept of the 

purpose of criterion-referenced (mastery) testing being to dis­

criminate an examinee's universe score from a cut-off score.

Brennan and Kane viewed the primary concern of mastery testing as 

whether an individual's universe score is above or below the 

criterion or cut-off score. As with Livingston's (1972) index, the 

index of dependability assumes a squared-error loss function.
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In summary, the current state of the literature in criterion- 

referenced measurement and the reliability of criterion-referenced 

tests is extensive. Several models have been proposed in the last 

decade which fall into the following major categories:

Squared-error loss function: Livingston (1972), Brennan
and Kane (1977).

Threshold loss function: Hambleton and Novick (1973);
Swaminathan, Hambleton, Algina (1974).

Single administration: Huynh (1976), Subkoviak (1976).

The present research will investigate three reliability models: 

Swaminathan, Hambleton, Algina (1974), Huynh (1976) and Subkoviak 

(1976). A given data set will be analyzed to determine the 

robustness of each model to violations of underlying assumptions.
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Chapter 3 

STATEMENT OF THE PROBLEM

The Instructional System in Mathematics (ISM) is an objectives- 

based instructional management system for Grades K-8, in the 

Montgomery County (Md.) Public Schools (MCPS). ISM uses the MCPS 

computer to provide information for instructional management rather 

than for actual instruction. There are three major components to 

ISM: an instructional component, an assessment component, and a

reporting component.

The instructional component is made up of a curriculum for 

Grades K-8 and instructional guides which accompany the curriculum. 

In the curriculum are approximately 190 key objectives which are 

organized by grade level. In addition, there are many other 

objectives which support the key objectives. The instructional 

guides identify the key objectives, provide assessment for these 

objectives and suggest instructional activities appropriate for the 

objectives.

The second part, the assessment component, is the one which is 

most important for the current research. The assessment component 

is made up of placement tests and mastery tests. Each type of test 

will be discussed separately.

There are three parts to the placement tests. There is a test 

for whole numbers concepts, a test for geometry and other related
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in the ta rget country. This last vehicle may be linked with the foreign state 

because of ideological affinity, mutual economic in terests o r ethnic identifica­

tion. Political movements, trade unions, m anufacturer associations, religious 

groups and ethnic groups all can play a ro le in m iddle-range penetration.

Karl Deutsch suggests in an a rtic le  entitled "External Influences on 

the Internal Behavior of States” that the nation-state may be open to penetra­

tion and influence on some issues and not on others. The decision-making 

system  may be highly centralized (and therefore less open to external influen­

ces) in regard  to some operations than in regard  to o thers. One subsystem of 

the national community may be linked to a foreign government and may be ac ­

tive on only p a rticu la r issues. Deutsch defines a linkage group o r potential 

linkage group (a subsystem  in the national system) as "a group with links to

the domestic system  and with some particu lar links to the international o r fo r- 
17eign input. ” He suggests that this group is m ore likely to be susceptible to 

inputs from  abroad if its ties to the domestic system  a re  weakened, i. e . , if 

it is d iscrim inated against socially o r economically, o r  if it perceives itself as 

such. The conceptual advantage of Deutsch's definition is that it lacks connota- 

tive im plications. A linkage group may be loyal o r disloyal to the nation-state, 

helpful o r harm ful to its in te rests .

The concepts of linkage and penetration w ere further discussed by
18Jam es Rosenau and Wolfram H anrieder. Both lim it the application of the con­

cept of penetration to situations in which the penetrated nation-states a re  weak 

and vulnerable to outside "dominance" and the penetrato r, relatively strong. 

Rosenau argues that "a penetrative process occurs when m em bers of one polity

serve as participants in the political p rocesses of another: That is , they share
19with those in the penetrated polity the authority to allocate its va lues."  To 

illu s tra te , he provides the example of an occupying arm y, which is clearly  a 

foreign body, making decisions and acting as part o r  as the only decision­

making body of the occupied sta te . This is the most extrem e case of penetration. 

He adds that the activities of foreign aid m issions, subversive cadres on the
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staffs of international organizations, the representatives of private corporations, 

the members of certain  transnational political parties and others all can be link­

ages in a penetration process. His definition, however, unnecessarily  re s tr ic ts  

penetration activity to situations in which the participation is authoritative and 

d irect. It is doubtful if most penetration activity could be considered "authorita­

tive", following Robert Dahl's definition of authority as legitim ate power or 
20influence. Certainly many citizens of the occupied polity and a substantial 

number of its leadership would not consider the foreign penetrator who has be­

come the dominant force in the decision-m aking apparatus as "authoritative".

Why do we need to insert the condition of "authority to allocate values" into the 

definition of the penetration process at a ll?  Was the Vichy government perceived 

as legitimate by the m ajority of French citizens? Yet, was that not a very pene­

trated  system ? Who determ ines that a penetration is authoritative? O ther m em ­

bers of a puppet government? the c itizenry? the foreign penetrato r?  Do Arabs 

living on the Israeli occupied W est Bank consider the Israeli government as 

"authoritative" ?

Rosenau enum erates two other types of linkage p rocesses, the reactive 

and the emulative. The reactive p ro cess , he s ta tes , is the reverse  of the pene­

trative process. "It is brought into being by recu rren t and sim ila r boundary 

crossing reactions ra th e r than by the sharing of authority. The actors who ini­

tiate the output do not participate in the allocative activities of those who experi­

ence the input, but the behavior of the la tte r is nevertheless a response to beha-
21vior undertaken by the fo rm er."  This type of linkage, according to Rosenau, 

is the most frequent and may be the re su lt of d irect o r indirect activ ities. An 

example of this is the activities of Palestinian groups in W estern Europe who 

have forged ties with parties of the extrem e Left and with anti-government 

groups in an attempt to effect a change in government policy toward the P a les­

tinian question. Another example was the impact of the r ise  of N asser to the 

leadership of the pan-Arab nationalist movement in the late 1950s, early  1960s 

on the rise  in an ti-F rench  dem onstrations and revolution in A lgeria in 1962.

I
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The last type of linkage process is a special form of the reactive type. 

Rosenau calls it the emulative process which is essentially the "dem onstration" 

effect whereby political activities in one country a re  perceived and emulated in 

another. A nti-w ar p ro tests  in the United States in the late 1960s w ere inspired 

by sim ilar anti-governm ent protest activities in several countries in Asia and 

W estern Europe. Jerom e Skolnick, who studied the student p ro test movement 

w rites,
•

The white student movement in A m erica received inspiration in 
its early  stages from dram atic student uprising in Japan, T u r­
key and South Korea . . .  American activ ists have been influenced 
by s tre e t tactics learned from Japanese students and by ideologi­
cal expression emanating from France and West Germany . . .
The symbols of "alienated" youth cu lture, originating in Britain 
and the United States, have been adopted throughout Eastern  and 
W estern Europe . . .  The increasing cross-fertilization  and mu­
tual inspiration . . .  a re  then, the outcome of m ass communica­
tion and inform al contact.22

The reactive process corresponds roughly to what we have called "m id­

dle range penetration". The penetrator does not in sert him self into the govern­

ment apparatus but instead interacts with non-governmental actors with the in­

tent of influencing o r  modifying their behavior (and thus influencing the ir govern­

ment). Rosenau's attem pt to delineate between this behavior and what he calls 

the penetrative p rocess confuses m ore than c la rifie s . Both categories involve 

"penetration"; the fo rm er, of non-governmental ac to rs, the la tte r , the formal 

decision-making apparatus. Both may influence decision-m aking either directly 

o r indirectly and both, in my view, may be "non-authoritative". In fact, the 

penetrated state  may regard  the attempt to penetrate  non-governmental actors

as "legitim ate" behavior and an attempt to establish a foothold within the govem -
23ment "illegitim ate", L e . , non-authoritative !

W olfram H anrieder discusses the linkage between the external and in­

ternal dimensions of foreign policy. He c ritic izes  the discipline for ignoring 

transnational phenomena and explains that the lack of linkage re sea rch  in the 

past is because of "the tendency in the study of domestic politics to hold the

t
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international environment constant, and a corresponding inclination in the study
24of international politics to hold the domestic environment constant." He a t-

25tem pts in part to defend the separation between the "two levels of analysis"

by explaining the difficulties of correlating propositions derived from these two

environm ents, since they stem  from differently organized sets of em pirical
26data and methodological assum ptions.

Hanrieder develops two concepts for foreign policy analysis — compati­

bility and consensus. Compatibility attem pts to m easure "degrees of feasibi­

lity of various foreign policy goals, given the structu res and opportunities of the

international system ." Consensus " a sse sse s  the m easure of agreem ent on the
27ends and means of foreign policy on the domestic political scen e ." He then 

tr ie s  to apply these two concepts in a linkage analytical framework utilizing the 

concept of a "penetrated system ".

Hanrieder critic izes  Rosenau's definition of penetration for its s tre ss  

on "authoritative" participation. He says this lim its the participation to institu­

tions and ignores penetration by events o r people that take place without being 

d irect and authoritative. He suggests his own definition of a penetrated system: 

"A political system  is penetrated a) if its decision-making process regarding 

the allocation of values o r the mobilization of support on behalf of its goals is 

strongly affected by external events, and b) if it can command wide consensus

among the relevant elem ents of the decision-m aking process in accommodating 
28to these even ts."  He views penetration as the process through which the goals 

of the nation-state and its environment overlap. The definition describes the 

most extrem e case of a totally penetrated system ; however, em pirically , pene­

tration can range from totally penetrated to m arginally penetrated. He suggests 

that it now becomes possible to analyze system s of linkage between the interna­

tional system  and national system s by "applying concepts that, although they

originate from distinct analytical environm ents, a re  sufficiently isomorphic to
29allow cumulative propositions." Thus, penetration can be m easured on a

»
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continuum — and the degree of consensus in accommodating to the penetration 

will vary from situation to situation. H anrieder's definition describes an "ideal 

type" of penetrated system and implies that other system s under varying circum ­

stances may be more o r less penetrated. Thus the clause that requires "wide 

consensus" among the relevant elements of the decision-making process re fe rs  

only to a totally penetrated system . A less penetrated system  may have sharp 

dissensus among the relevant elements of the decision-m aking process as a r e ­

sult of the penetrating factors from the environment. P artia l penetration may 

be enough to weaken a domestic government's ability to make decisions, thus p re ­

venting it from taking any action.

The effects of the penetration may be felt only with respect to the limited 

issues which the penetrator actively pursued. One example of this is the penetra­

tion of Lebanon since 1971 by Palestinions who have in fact forced the Lebanese 

government into a state of submission on the question of border attacks into Is­

rae l and freedom of activity on its southern border. Yet they do not "control" 

the Lebanese government o r dictate policy on issues of the economy, social wel­

fare o r most foreign relations. In the last few y ears , the influence of the P a les­

tinians and th e ir Shi'ite allies has increased, thus impeding the freedom of action 

of the Lebanese government in foreign policy. Further restric tin g  the decision­

making freedom of the Lebanese government is the presence of another foreign 

element — the Syrian peacekeeping force which has occupied part of Lebanon 

since 1979, ostensibly to maintain o rder and to separate  between the Palestinians 

and the Christians. Lebanon is a penetrated system  and is very much subject to 

the p ressu res  and demands of the transnational "foreign" groups within it — yet 

it could not be described as a totally penetrated system . The allocation of its 

values and goals a re  strongly influenced by the Palestinians and the Syrians, and 

its decision-m aking apparatus (for lack of power to do otherwise) has reluctantly 

agreed to accommodate to them.

A much less penetrated system  is the United States, whose policies to ­

w ard Israel and the Middle East a re  in part influenced by the activities of a linkage

f
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(2) Huynh's ft Coefficient

The second estimate which will be investigated is Huynh's

(1976) estimate of kappa, £ .H
k * (p - p ) / ( l - p )  o c c

where p » estimated proportion of consistento
classifications on two test administra­

tions using Huynh's procedure, 

and

p “ estimated expected proportion ofc
consistent classifications, on two test 

administrations, again using Huynh's 

procedure.

Huynh (1976) developed this model for estimating reliability

when data are only available for a single test administration.

Thus, one must estimate p and p .oH cH
In order to explain Huynh's (1976) estimate it is necessary 

to examine the model which he proposes and the assumptions of 

the model. Huynh (1976) develops the reliability estimate within 

the framework of the beta binomial model. The applicability of 

the beta binomial model to criterion-referenced testing situa­

tions has been investigated by Gross and Shulman (1978).

There are two basic assumptions which must be met when 

using the beta binomial model. The examinee's score or number 

right on the criterion-referenced test (x) is used to infer the 

true ability of the examinee (6). The first assumption is that 

the ability parameter (0) is distributed within the examinee 

population as a beta random variable with parameters a and 6 .
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The assumption of a beta distribution for the ability 

parameter appears reasonable since the family of beta distribu­

tions can assume many different shapes - e.g., normal, skewed 

etc. When data are available for a large number of examinees, 

both at and $ can be estimated from the test score distribution. 

If M and ® are the mean and standard deviation of the test score 

distribution and if the KR21 reliability is denoted by

The second assumption is that the conditional distribution 

of x (examinees's test score) is a binomial distribution with 

parameters n and 6. The necessary conditions for this to be a 

reasonable assumption are: (1) each test item is scored 0 or 1;

(2) the test items in the universe are exchangeable - e.g., the 

test score distribution based on n items does not depend on which 

items happen to be chosen, implying that the items are statisti­

cally independent so that outcome on one does not affect outcome on 

the others and thus, the probability of a correct response remains 

constant across items. While the assumption of similar item 

difficulty may not be tenable in a criterion- referenced testing 

situation, Gross and Shulman (1978) and Subkoviak (1978) report 

that the beta binomial model appears to be robust with respect to 

violations of equal p values for the items. The issue of violation 

of item homogeneity will be addressed in the present research by

where n * number of 
items on the test (1)

then

a ■ (-1 + V  a2l) u and

6 - -a + "/ 021 “ n (3)

(2)
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const rue ting tests which are the same length but which contain 

items measuring different level objectives i.e., objectives for 

different math skills. This process is described in detail in 

an upcoming section.

Within the beta-binomial framework the distribution of test 

score x is beta binomial in form

r(q +  B) / n\ r(q +  x) T(B +  N - x)
P W  * r(q) r(B) \ xj r(q +  B + n) (A)

where x ■ 0, 1, 2 . . . n, and r(• ) is the gamme function.

When dealing with equivalent forms of a test, Form X and 

Form Y, Huynh (1976) shows that X and Y follow a bivariate beta 

binomial distribution with joint density

n  nf(x,y) - B(q + x + y, 2n + B - x - y), (5)
d v . o , B 7

where B(2,6 ) is the beta function.

In focusing on the binary results of achieving mastery if x 

is at least c (cut-off or criterion score) and not achieving 

mastery otherwise, Huynh (1976) denotes the proportion of 

examinees achieving mastery on both forms as given by

n
P H  ■ I f(x, y) (6)

x,y-c

and the proportion of examinees classified as masters
on one form only as

Pl ■ I f(x) (7)
x“c

Given that and have been estimated using equations (2) 

and (3) one can construct the joint distribution for x and y,
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f(x,y). Estimates of p , p.. and thus k can then beo 11
obtained. The entire procedure can be outlined as follows:

21. Compute the mean ( 0 ), variance ( d ), and Kuder- 

Richardson coefficient 21 ( ̂ 21  ̂ t'ie score8 on Form X.

2. Compute parameters a and 0 which, together with the 

number of test items, determine the shape of the joint distribu­

tion of scores on the two forms d “ -1 + — u
d2l

and B ■ -a +  n
&21

3. Using the values of a , 8 and n determine the joint

distribution of scores on Forms X and Y. This distribution is 

symbolized £ (x, £> which represents the probability of persons 

scoring x on Form X and £ on Form Y. Given the values of &

and 8 for a test of a given length the value of £ (x, £) for

scores x ■ 0 and £ * 0 can be obtained as follows:

2n _ ^
f(0,0) - x I (2n + 6 - i) / (2n + a + 8 - i)J (8)

i-1 u

For example, if 4 ■ 12.52, 8 * 14.52 and n ■ 10, (Subkoviak,

1978) the value of f(0, 0) is:

2n
f(0,0) - x 

i*l

f20 + 14.52 -  1_________ I  # J*20 + 14.52 -  2_________
- |_20 + 12.52 ♦ 14.52 - lj * [_20 + 12.52 + 14.52 - 2

. 20 + 14.52 ~ 20_______
20 + 12.52 + 14.52 -  20

f(2n + g- 1)/(2n ♦ S ♦ 0 - i) J

- .002
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Then, given f(0, 0) * .002, values of f(x, y) for other x and y 

pairs, are obtained as follows:

- (n - x)(& + x ♦ y)________
f(x ♦ 1, y) - f(x, y) • (X + l)(2n ♦ B - x - y - 1) (9)

It should be noted that f(x, y) is syranetric in the sense that

?(x, y)*£(y, x). After computing, the joint distribution of

scores on the two forms can be obtained and the proportion of 

examinees that would obtain score x and Form X and score y on 

Form Y can be entered into a table (see Table 23 in the 

Appendix).

To continue this example, it can be shown how to estimate k 

using the table of the joint distribution of x and y.

4. Coefficient pQ, the proportion of consistent 

classifications is obtained by summing appropriate entries in 

the joint distribution table. Given a particular cut-off score 

the proportion of persons consistently classified as masters is 

obtained by summing the probability values for all pairs which 

are at or above the cut-off score. Similarly the proportion of 

persons consistently classified as nonmasters on both tests can 

be obtained by summing the probability values for all pairs 

below the cut-off score. Then, the total proportion of con­

sistent decisions is the sum of the proportion of persons 

consistently classified as masters and the proportion of those 

consistently classified as nonmasters.

5. Coefficient kR - . ^.H)/(l - ^.H) which is

the proportion of consistent decisions beyond that expected by 

chance can also be obtained from the joint distribution table.
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Proport ion was obtained in the previous step. £ the 

proportion of consistent decisions due to chance, is a function 

of the marginal proportions of masters and nonmasters in the

joint distribution table. For a given cut-off score, the

proportion of masters expected by chance is the sum of all the 

columns of probability values for the cut-off socre and above. 

The proportion of nonmasters is 1 - proportion of masters
A A Aexpected by chance. Therefore p * t p Pi,*C H K • • K

6. Finally, the proportion of consistent decisions beyond 

that expected by chance is

£ -  f ° H " fcH ( i o )
H  ----------A-----

1 ■ PcH
(3) Subkoviak1s Coefficient of Agreement

The third reliability estimate which will be examined is 

that developed by Subkoviak (1976), also intended for single 

test administration data. Subkoviak (1976) calls his estimate a 

coefficient of agreement and the coefficient of agreement pc(s)
for a group of n persons when the criterion equals c is written

N  ̂ (i)
I pC8 (s)

pc(s) * i-1_____ (11)
N

The coefficient of agreement for a group of N persons is defined

as the mean of the individual coefficients of agreement p ^ \. cs
where is the probability that individual i is assigned

to the same mastery state on parallel tests x^ an(j x î .

* p (x £ >_ c, x'i ^  c) + p(x£ < c, x'i < c) (12)
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There are two assumptions which make possible the estimation of 

the individual coefficient and thus the estimation of the group 

coefficient. The first assumption is that the scores x. and

implication of this assumption is that the experience of taking

test x does not affect the outcome on test x' for person i. The

second assumption is that the distributions of x. and x'.1 1
for a fixed person are identically binomial in form. As was 

described with Huynh's (1976) model the necessary conditions for 

this to be a reasonable assumption are (1) each test item is 

scored 0 or 1; (2) the outcome on one item does not affect the 

outcome on another and (3) the probability of a correct response 

remains constant across items.

Under the assumption that the distributions of x^ and 

x\ for a fixed person are identically and independently 

binomial in form, the preceding equation for 

simplifies to

As with Huynh's (1976) model, it can be assumed that the 

binomial model is robust with respect to violations of item 

homogeneity which occur on actual tests. The quantity p. i8 

the estimated true probability of a correct item response for 

person i, which can be estimated from his/her observed score

i
x'. are independently distributed for a fixed person i. The

P ^  ■ p(x. > c) 2 ♦ 1 - p(x. > c)  ̂CS 1 1 — (13)

where

(14 )
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on a single test i.e., p^ * Xi/n, where x^ is number

correct and n is the total number of items. Subkoviak (1976) 

points out that this should lead to reasonably accurate results 

if n >40. Since in the current research and indeed in much 

locally developed criterion-referenced testing programs n< 40, 

it is important to demonstrate a more appropriate estimate of 

for small n.

A better estimate of p̂  for small n is given by:

In summary, Swaminathan et al.'a (1974) kappa can be used as a 

standard to which to compare the estimates of Huynh (1976) and 

Subkoviak (1976). When data are available from two test 

administrations, kappa can be calculated empirically without any 

restrictive assumptions. On the other hand, the two reliability 

estimates based on a single test administration are valid only to 

the extent that the underlying assumptions of the models are met.

The Huynh (1976) and Subkoviak (1976) estimates have some 

similarities in their assumptions as well as in their simulations of 

scores on the second form of the test. Both use the KR21 in their 

simulations, both use the mean of the test score distribution and 

the difference between the mean and the number of items on the test.

(15)

(16)

and where, ot21 /x t *ie Kuder-Richardson Formula 21

reliability coefficient, Mx is the mean of the test score 
2distribution, and s is the variance of the distribution. ’ x

Summary
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The primary difference between the two estimates is that there are 

more distributional assumptions for Huynh's (1976) estimate.

Huynh's (1976) model assumes a binomial distribution of the number 

right given ability and further that the ability parameter has a 

beta distribution. Subkoviak's (1976) model may be more robust as 

it assumes only a binomial distribution of number right, given 

ability. Since the beta distribution can take on so many forms, 

however, this distinction between the models may not be particularly 

significant.
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PREDICTIONS OF BEHAVIOR OF RELIABILITY ESTIMATES

The value and/or standard error of a traditional or norm-referenced 

reliability estimate varies as a result of manipulating test length, 

sample size, ability of the examinees, and heterogeneity of test 

content. Part of the current research will investigate how these 

factors affect reliability estimates for criterion-referenced tests.

In addition to the aforementioned factors, criterion-referenced 

reliability estimates might vary as a result of manipulating the 

criterion score. The following section will describe in detail the 

manipulations of the data in order to investigate the effect on the 

reliability coefficients. However, this section will propose some 

hypotheses about the behavior of the criterion-referenced coefficients, 

under different conditions. The predictions about each coefficient 

will be grouped together under the condition which is varying.

I. Test Length

Since kappa is concerned with consistency of decision-making rather 

than deviation of scores from the criterion score, it is not totally 

clear what the effect of test length on kappa would be. Since n, test 

length or number of test items, does not directly enter into the 

computation of kappa, its effect is not clear. However, a longer test 

is probably a more reliable test. Logsdon (1979) found that kappa 

values revealed no pattern of relationship to test length, in a study 

involving the administration of alternate forms of a criterion- 

referenced reading comprehension test in a rural school district.

Using four criterion levels for tests of 12, 24, 36 and 48 items,
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Logsdon (1979) found that mean kappa values were generally higher for

the 48-item tests than for the 12-ltem tests but that the mean values

for the 24- and 36-item tests were extremely variable and did not

follow a general pattern of increase. However, Huynh (1978) reported

in a theoretical paper on the reliability of multiple classifications,

that kappa increases with test length within both the normal test score

model and within the beta-binomial model. In Logsdon's (1979) study he

did report large standard errors for kappa (^.07 to .16) and thus the

standard errors may be obscuring the relationship between k and

increasing test length which Huynh (1978) reported.

(cjj (Huynh's estimate of k) is conceptualized as a single sample

estimate of k. If is a "good" estimate of k, its behavior with

respect to test length should be similar to the behavior of k itself.

Thus kjj is predicted to increase as a function of test length, and to

provide a good estimate of k at all test lengths.

With respect to Subkovlak's coefficient of agreement (Pc(s))>

since the binomial distribution assumption underlies this coefficient

as it does k.,, it seems likely that p ... _H J rcs would increase with test
length. However, it is not clear what the exact effect of Increasing 

test length will be on this coefficient.

II. The Combined Effect of Cut-Off Score and Test Length

It is unclear how changing the cut-off score for different test 

lengths will affect k.

In a comparison of three data sets representing different degrees 

of homogeneity of test scores, Huynh (1976) reported that k^ starts 

Increasing as the cut-off score takes larger values, up to a point.
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Uhen reaches a maximum, it then decreases. Huynh (1976) explains

this by noting that pc is close to 1 when the cut-off score is too

small or too large, meaning that there is not much opportunity for

improving the consistency of decisions beyond the chance level. If

this is the case with these data, one would expect to reach its

highest values for a cut-off score of 80 percent and decline for the

100 percent cut-off score.

It is also unclear how changing the cut-off score for different

test lengths will affect p . x. Since the method involved inc(s)
computing Pc(8) involves the assumption of a binomial distribution of 

observed scores, it is possible that the behavior of Pc(8) under

these conditions will be similar to that of k̂ .

Ill. The Combined Effect of Ability Grouping and Cut-Off Score

For different levels of student ability, kappa should change as a 

result of changing the mastery level. The relationship which k has to 

cut-off score depends on ability. Thus, it is predicted that for 

extreme ability groups, high or low, the change in cut-off score will

not have much effect on k, but for a heterogeneous ability group it

will. The reason for this is that for very high ability students one 

would expect consistent classification as masters regardless of cut-off 

score and similarly for low ability students one would expect 

consistent classification as nonmasters regardless of cut-off score.

Uith respect to k^, heterogeneous ability casts doubt on the beta 

distribution assumption. Therefore, for homogeneous ability groups, 

such as high or low ability, k^ would be expected to provide a good 

estimate of k.
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Similar ly for Pc(a) heterogeneous ability may violate the 

underlying assumptions and so for a homogeneous ability group such as 

high or low ability, Pc 8̂  ̂would be expected to provide a different 

estimate of reliability than for a heterogeneous group.

IV. Sample Size

There is no effect from sample size which can be predicted for 

kappa. The two sample sizes to be examined are one classroom (N - 25) 

and two classrooms (N a 50). The size of the sample will probably not 

affect this formula at all since N does not enter directly into the 

computation of k. The standard error, however, should depend on N, 

i.e., it should decrease as a function of increasing N.

With respect to k^, the only effect from sample size which can be 

predicted is on the standard error. The same prediction holds for

Pc(s)*
In terms of the "goodness" of the estimates of reliability, the 

size of the sample should have no effect on the accuracy of estimation 

of k. Therefore, the prediction about the accuracy of the estimates of 

k is the same as the prediction for the combined effect of ability 

grouping and cut-off score - e.g., k^ will not be good a estimate of 

k when the ability of the students is heterogeneous, regardless of 

sample size.

V. Heterogeneity of Test Content

It Is not clear what effect this factor will have on kappa. The 

reason for including this variable Is that it leads to violations in 

the distribution assumptions underlying the Huynh (1976) and Subkoviak
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(1976) estimates. Heterogeneous test content makes the binomial 

distribution assumption for the number correct untenable. Thus when we 

have heterogeneous ability (which casts doubt on the beta distribution 

assumption of Huynh's (1976) model and which was the case in this 

analysis) and heterogeneous item content one may hypothesize that 

will provide a poor estimate of k.

VI. Comparison of Norm-Referenced Reliability Coefficients 
(KR21 and Test-Retest) with the Criterion-Referenced 
Reliability Coefficients

It is unclear what the relationship between the Kuder-Richardson 

coefficients and k, k^ and Pc(g) will be. The same factors of test 

length, cut-off score, sample size, examinee ability and heterogeneity 

of test content may affect the KR21 coefficients in the same way as 

those factors affect the criterion-referenced coefficients. However, 

since the KR21 coefficients assess the Internal consistency of tests 

while the criterion-referenced coefficients assess decision consistency 

in a test-retest situation, there may be little relationship between 

these two types of coefficients.

Since ic is essentially a test-retest coefficient and k^ is an 

estimate of this test-retest coefficient one may hypothesize a strong 

relationship between k, k^ and the test-retest coefficients. One may 

also hypothesize a strong relationship between Pc(8) an  ̂the test- 

retest coefficients since P£(8) assesses consistency of mastery 

decisions.

Before summarizing the hypotheses about the behavior of the 

reliability coefficients, it should be noted that the scaling of the 

three criterion-referenced reliability estimates is different, k and
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are scaled in the same way while the scaling for Pc 8̂)

different. The coefficient p , . does not correct for chancec(s)
agreement i.e., agreement due to the proportion of masters and 

nonmasters in the group and thus is indicative of the total proportion 

of consistent mastery classifications which occur on two tests.
ACoefficients k and on the other hand take out the part of the

consistency which is due to the mastery/nonmastery composition of the

group taking the test (pc). Coefficients k and k^ thus can be

considered measures of test consistency while p , . is a measure ofc(s)
test consistency as well as consistency resulting from the proportion

of masters and nonmasters in the group tested. Given this fact the

size of the Pc(g) coefficient will always (theoretically) be larger

than the k or k^ coefficients.

This fact can be explained as follows. Two components of the

overall consistency as measured by pQ are the accuracy of the test

and the numbers of masters and nonmasters in the group tested. If for

example using a reliable test the group being tested consists primarily

of high ability students, the proportion of consistent mastery/mastery

outcomes would be high. Similarly a group composed primarily of low

ability students would result in consistent nonmastery/nonmastery

outcomes. In either situation, the number of consistent decisions

would be high and the value of p , . would also be high. However,
C{8)

the use of Pc(8) would not enable one to separate what portion of the 

consistency was attributable to the group being tested and what portion 

was attributable to the test.

Coefficient k extracts from pQ the consistency which is 

attributable to the numbers of masters and nonmasters in the group. In
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the formula for k ■ (p - p )/(l - p ), p Is the portion ofo c c c
consistency which is due to the numbers of masters and nonmasters in 

the group tested. The calculation of k removes p£ from the total 

proportion of consistency pQ. The resulting value is the consistency 

of the test. Since k^ is an estimate of kappa based on one test 

administration, the portion pc is also removed from the total 

consistency pQ, and k^ is an estimate of the consistency of the 

test.

In summary, the following hypotheses about the reliability 

estimates are formulated:

Hj! All three reliability estimates, k, lt̂ and Pc/8\ 
will Increase as the tests are lengthened.

H.: lc, will provide a good estimate of k at all test
lengths.

H.: For groups of high ability students or low ability
students, the change in cut-off score will have little 
effect on any of the three coefficients, k, k^ or
Pc(s)’

H^: k^ should provide a good estimate of k for
homogeneous ability groups.

H_: The size of the sample will affect only the standard
errors of all three reliability coefficients.

H :̂ For heterogeneous test content both and p , .
will be lower than for homogeneous test content.

H^: ky will provide a poor estimate of k for
heterogeneous test content.

Hg! The KR21 coefficients will have little relationship to
any of the three criterion-referenced reliability 
estimates.

H^: The test-retest coefficients will show a moderate to
strong relationship to all three criterion-referenced 
reliability coefficients.
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Thus, it is anticipated that the present research will result in 

some guidelines for the use of the three criterion-referenced 

coefficients. Since kappa represents an ideal standard which one would 

want to compute whenever there could be two test administrations, the 

comparison of the two estimates k^ and Pc(8) to kappa should give 

an indication of each estimate's utility. In cases where there can 

only be one test administration the examination of the effect on the 

estimates of the variables of test length, cut-off score, ability level 

of the students, sample size and heterogeneous test content should 

reveal the sensitivities of each. Thus one estimate would be able to 

Judge the utility of each index for a particular testing situation.

Finally, the comparison of the criterion-referenced reliability 

estimates with norm-referenced coefficients should provide some insight 

into whether norm-referenced coefficients provide any information about 

criterion-referenced test data. This comparison also may indicate 

differences in the information provided by the two types of indices. 

These pieces of information should be beneficial to educational 

practitioners for the development and validation of criterion- 

referenced instruments.
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Chapter 4 

METHODOLOGY

In order to investigate the properties and the usefulness of the 

three reliability estimates under different conditions, it is 

necessary to have test data from two test administrations.

Therefore, data have been collected in the following way:

(1) A random sample of classes in Grades 3, 5, 6, 7, 8 in the 

ISM program was chosen for test administration. The total 

sample size is 325 students with approximately equal numbers 

at all five grade levels. The number of students taking 

each objective differ, however. See Table 20 in the 

Appendix) for the number of students taking each objective.

(2) Students in each classroom took the placement test in Whole 

Numbers— W-l for Grade 3 and W-2 for Grades 5-8 as well as 

two mastery tests, one test measuring one multiplication 

objective and one test measuring one division objective 

(The 3rd grade classes took only one mastery test in 

multiplication). Each mastery test administered to the 

sample classes assesses an objective which is also assessed 

on the placement test. Therefore, each student in the 

sample took one placement test (W-l or W-2) consisting of 

between 60 and 70 items and two mastery tests, each one 

consisting of five items and each one measuring an
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objective which is also measured on the placement test.

The one exception to this is the Grade 3 sample as the 

multiplication mastery test (MU05-H) has 10 items.

(3) In order to control for the effects of intervening instruc­

tion, the data collection dates were determined by when 

students had a scheduled break in instruction. The tests 

were administered during the week prior to the spring 

vacation and during the week following the spring vacation 

resulting in an interval of two weeks between the two test 

administrations. All students who took the tests before 

spring break (each student took one placement test and two 

mastery tests at each sitting) took the same tests in the 

same order during the second test administration. The 

testing occurred during the spring of 1979.

The rationale for the data collection as outlined above is based on 

several facts.

The Whole Numbers Placement Test (W-2) was chosen because it is 

intended for a wider range of students (4 grade levels) than the 

other placement tests, and it should allow for finding an adequate 

number of students who are more proficient and an adequate number of 

students who are less proficient in the skills tested. In the 

Montgomery County Public Schools the students who are the highest 

achievers in math take either Algebra 1 or Unified M4th (advanced 

math) when they enter Grade 7. Therefore, students who are in ISM 

in Grades 7 and 8 are often students who are less proficient in 

Math. The items which measure MU 05-H on the placement test W-l are
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the same items which are on the placement test W-2. Therefore, the 

3rd grade classes which took W-l and also took the MU 05-H mastery 

test are included in this analysis. This will add to the analysis 

because it will increase the number of objectives which can be 

included and it will add an interesting perspective on performance 

of different grade level students on these items when they are 

embedded in different tests. On the W-l test, these are advanced 

items while on the W-2 test, they are easier items.

Secondly, mastery tests were chosen so that they each measured 

one of the same objectives which appeared on the placement test. 

Since the .test contained a large number of multiplication and 

division objectives, one mastery test was selected for a

multiplication objective, and one was chosen for a division

objective. This selection was made so that the effects on the 

reliability estimates of pooling items from the several objectives 

could be investigated. Pooling, however, will be done only within 

category, either multiplication or_ division, but not across the two 

categories..

Tables 20 through 22 (in the Appendix) present the data on

numbers of items on the various tests administered and the numbers

of students taking each test.

The W-l Test is a Placement Test in Whole Numbers, designed for 

students in Grades 3 and 4. This test contains items which assess 

objectives in Numeration, Place Value, Addition, Subtraction, 

Multiplication, and Division. However, the only items which are of
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interest in this research are those which assess the multiplication 

objective MU 05-H. See Table 21 for the MU 05-H items from the W-l 

Placement Test and from the MU 05-H mastery test.

The W-2 Test is a Placement Test in Whole Numbers designed for 

students in Grades 5-8. This test contains items which assess the 

same categories of objectives as those of W-l, but the levels of the 

objectives are more advanced. Only the multiplication and division 

items are of interest to this research. See Tables 22 and 23 for 

the multiplication and division items from the W-2 Test.

Tests which measure only one objective are called masterv tests

and each one contains five items. The following tests are mastery 

tests: MU 05-H, MU 07-K, MU 08-L, T)I 08-J, DI 10-N. See Appendix

for copies of these tests.

Analyses

There are eight analyses which were undertaken using the TSM 

data collected in April 1979 and discussed at the beginning of the 

chapter (see Tables 20-23). The three reliability estimates were 

examined under different data manipulations to see whether they 

behaved as one would predict and then, the estimate of k, k, (Huynh 

(1976)) was compared to the Swaminathan, Hamhleton, Algina (1974) 

computation of kappa, under all data manipulations.

The reason for comparing the estimate to the computed kappa is 

that kappa is truly an empirical measure. One needs to have data 

from two test administrations in order to compute kappa and in this 

research there were two test administrations. Thus kappa is an
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ideal standard. The estimates from a single test administration are 

valid only to the extent that the underlying assumptions of the 

model are met. Therefore, one can compare it to kappa when the 

assumptions have been met and when the assumptions have been 

violated.

The three reliability coefficients were each calculated using 

individual Fortran programs. The kappa coefficient (Swaminathan, 

Harableton, Algina (1974) was computed by means of a program written 

specifically for this research.

The estimate of kappa (Huynh, 1976) was computed using a program 

written by Huynh in December 1979.

The coefficient of agreement (Subkoviak, 1976) was computed 

using a program written by Subkoviak and Albrecht (1979).

The computer program to compute the coefficient of agreement 

(P(cs)) provides two options for computing the coefficient - one 

is based on the assumption that the distribution of an individual's 

scores across repeated testings is simple binomial and the other 

assumes the distribution is compound binomial. Since the assumption 

of the simple binomial model (see Chapter 3) may not be tenable, 

Subkoviak (1976) prefers the compound binomial model. He states 

that the actual score distribution for a person would probably be 

less variable than the simple binomial resulting in an assignment 

consistency which exceeds that predicted by the simple binomial 

model. The compound binomial model seems to allow the probability 

of success to vary across items and thus the compound binomial model 

is preferred. For this research, however, since the opportunity was
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available to compute the p coefficient based on either model,C 8
both models were specified to allow comparison of the results of the 

two models. Thus all discussions of results will include the 

results from both the simple and the compound models.

Each data manipulation and the subsequent reliability 

determinations and comparisons will be discussed in separate 

subsections.

A. Test Length

In order to investigate the effect of test length on the three 

reliability estimates, the data (test items) from one objective 

(such as MU 05-H, MU 07-K or MU 08-L) - where there are items from 

the placement test and the mastery test - were reorganized to 

construct tests of different lengths. For example, for the 

multiplication objective MU 07-K, there are five items on the 

placement test and five items on the mastery test of the same 

objective. Thus for the 100 students who took the items measuring 

MU 07-K on both the placement test and the mastery test, there are a 

total of ten items which can be manipulated into tests of different 

lengths.

While all the items which measure one particular objective are 

supposed to be appropriate measures of the objective, it is possible 

that the items vary in difficulty. In order to control for this 

potential variation, all possible combinations of items for a test 

of a given length were constructed from the pool of items measuring 

one objective. To continue the example of objective MU 07-K 

mentioned above, in order to look at a 5-item test from the 10 items
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measuring this objective, a program was written to construct all 

possible combinations of a specified number of items. If n * total 

number of items and p ■ chosen test length; the total number of 

combinations (Comb) is given as:

Comb - ( p) " p, (n_p)' (17)

In the present study the number of combinations ranged from 1 to

1,763.

Thus, for each objective analyzed - MU 05-H, MU 07-K, MU 08-L,

DI 08-J, and DI 10-N - all possible combinations of 5 items and 7

items (and where possible 10 items) were constructed. These

combinations were constructed for the pre-tests and the post-tests.

Each analysis was conducted by grade level since different 

grades took different objectives. Across grade levels the test 

lengths examined differed according to the total number of items 

available for a particular objective. The test lengths examined by 

grade level were:

Grade 3 - multiplication: 5 items, 7 items, 10 items, 13 items

Grade 5 - multiplication: 5 items, 7 items, 10 items

Grade 5 - division: 5 items, 7 items, 8 items

Grades 6-8 - multiplication: 5 items, 7 items, 9 items

Grades 6-8 - division: 5 items, 7 items, 8 items

For each test length for each objective - (3 multiplication 

objectives and 2 division objectives) - all three reliability 

coefficients were computed.

In the analysis of the effect of test length on the reliability 

coefficients, mastery level had to be held constant. Since the 

numbers of items to be considered for different test lengths could
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no t always be multiplied by the same percentage and result in a 

whole number of items, the decision was made to choose the number of 

items for mastery which most closely matched the mastery level 

selected. The test developers set 80 percent as the mastery level 

for most of these tests. Therefore, the numbers of items selected 

for mastery level are those which are closest to 80 percent and as 

can be seen from the following table, all mastery levels are within 

5 percent of the 80 percent level chosen by the test developers.

Total Number Number Percentage of
of Items Items Total e.g.,
on Tests for Mastery Mastery Level

5 4 80

7 6 85

8 6 75

9 7 77

10 8 80

13 11 84

Swaminathan, Hambleton, and Algina's (1974) kappa was computed using 

the pre-test and post-test data. The Huynh (1976) and Subkoviak 

(1976) estimates were computed on the pre-test data. All three 

reliability estimates were examined in light of the predictions made 

about how they would behave as a result of test length manipulation. 

Then, the estimate of k was compared to the standard, kappa. In all 

cases but one (13 items) where there was more than one test of a 

particular length the mean coefficient and standard error were 

computed.
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B. Cut-off Score

In order to investigate the combined effect of cut-off score and 

test length, the three reliability coefficients were computed for 

tests of different length using different mastery criteria. For 

each test length (5-item, 7-item, 8-item, 9-item, 10-item, 13-item), 

the mastery levels which were examined were 60 percent, 75 percent 

or 80 percent, and 100 percent. What this means is that all three 

reliability coefficients were computed for each mastery level and 

each test length. For example, for each 5-item test, the three 

reliability coefficients were calculated three times, once for each 

mastery level. In cases where there was more than one test of a 

certain test length, the mean estimate and standard error were 

computed for each mastery level. In cases where there was only one 

test of a certain length (e.g., 13 items), each reliability 

coefficient is reported for each mastery level (see Table 10).

As was the case with holding mastery level constant, the fact 

that there were several test lengths for which one cannot determine 

all the exact mastery levels chosen for investigation posed some 

difficulty. Thus, where possible, mastery criteria were chosen such 

that an exact number of items corresponded to an exact mastery 

level. In cases where this was not possible (7 items, 9 items, 13 

items) mastery levels were chosen to be as close as possible to the
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prespecified mastery levels. For the mastery level analyzed, see 

the following table:

Number of
Number Items and
of Items Prespecified Percentage
in Test Mastery Level Mastery

5 60* 3(60%)
80%* 4(80%)
100% 5(100%)

7 602 4(57%)
80%* 6(85%)
100% 7(100%)

8 60% 5(63%)
80%* 6(75%)
100% 8(100%)

9 60% 6(67%)
80%* 7(78%)
100% 9(100%)

10 60% 6(60%)
80%* 8(80%)
100% 10(100%)

13 60% 8(61%)
80%* 11(84%)
100% 13(100%)

Each reliability estimate was examined to try to determine if

changing the cut-off score has the effect predicted in the previous 

section. Secondly, the estimate of k was compared to the standard, 

kappa, to see how it behaved relative to kappa at each cut-off score.

*The cut-off score of 80 percent was examined for the test 
length analysis.
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C. Ability Level

In order to investigate the effect of ability of the test taker 

on the reliability estimates, scores from the Iowa Test of Basic 

Skills (ITBS) were used to identify students of high ability and low 

ability in mathematics. The analyses of test length and mastery 

criteria were done again within the low ability and the high ability 

groups. In each objective category a test of 5 items, 7 items and 

then the maximum number of items for that objective were selected 

for an examination using the low ability group and the high ability 

group. The maximum number of items for the objectives ranged from 8 

items (for each of the two division objectives) to 13 items (for one 

multiplication objective). For the test length of 5 items and 7 

items, the combination program was run so that all possible combina­

tions of 5 items and the 7 items were evaluated. The mastery 

criteria examined were 60 percent, 80 percent, and 100 percent.

Since there were thousands of 5-item and 7-item tests for each 

objective, the mean estimates and standard errors were computed.

D. Sample Size

Another variable which may affect the reliability estimates is 

the size of the sample. In order to investigate the effect of sample 

size on the reliability estimates, the analyses for test lengths and 

cut-off score were run again for different size samples. That is, 

the different length tests and the different mastery criteria were 

analyzed for sample sizes of 1 classroom (^25 students) and then the 

maximum number of students on that grade level which took the items 

for a particular objective. For the third grade and fifth grade
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classes Che maximum number of students which took the tests was 2 

classrooms (^50 students). There were 200 students in Grades 6-8 

who took the two objectives. For consistency with the analyses for 

Grades 3 and 5, Grade 7 was selected for an analysis of one and two 

classrooms. The Grade 7 data were then compared to the data for the 

total group of Grades 6-8. For the analyses undertaken, see the 

following table:

Number of Number of
Objective Grade Classrooms Students

MU 05-H 3 2 52

MU 07-K 5 2 56

DI 08-J 5 2 56

MU 08-L 7 2 58

DI 10-N 7 2 58

As with the analysis for ability level, in each objective category,

a test of 5 items, a test of 7 items and then a test using the maximum

number of items for that objective were selected for examination using

the different sample sizes. The maximum number of items for the

objective ranged from 8 (for the two division objectives) to 13 (for

one multiplication objective). For the test lengths of 5 items and 7

items the combination program was run so that all possible combinations

of 5 items and 7 items were evaluated. For these tests, the mean

estimates and standard errors were calculated.

E. Item Heterogeneity

An examination of the effect of item heterogeneity was under­

taken by controlling for test length and manipulating the types of 

items on the tests. This was accomplished by constructing
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tests of the same length using items from different levels of 

objectives. For example for the 200 students who took the test of 

Multiplicaton 08-L, there are data about their performance on a test 

of 5 items. Therefore, for each of these students one can look at 

their performance on a composite test which consists of one item 

from each of the objective levels MU 04-H, MU 05-H, MU 06-1, MU 07-K 

and MU 08-L. These students have taken several items from each of 

these objectives by taking the placement test. Thus, one can 

examine the effect of mixing item types without confounding the 

procedure with test length varying also. Another example might be 

the 50 students who took the 10-item mastery test of MU 05-H. Data 

are available for their performance on a 10-item test at this 

level. However, how would they perform on a 10-item test which 

contained items from several objectives? One can determine this by 

constructing a 10-item test for these students using items from 

level MU 05-H, items from level MU 04-H and items from level MU 06-1 

(data which come from the placement test W-l which these students 

took). The issue of test heterogeneity can be examined in this way 

which is a procedure of redefining over and over what one means by a 

test.

In order to conrol for the effect of variation due to particular 

heterogeneous items selected, a computer program was written to 

select combinations of items for a specified test length from among 

the items at the different objective levels. Since all possible 

combinations of items for a specified test length often meant 

millions of combinations, a program for a random number generator
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was included in the program for selecting items. Thus for an 

examination of item heterogeneity, each analysis consisted of 100 

possible combinations, randomly selected. For each objective, then, 

tests of the same length as those investigated in the test length 

analysis, were constructed using heterogeneous items. This means 

that for each objective, 100 combinations of 5 items, 7 items and 

where possible 10 items or 13 items were constructed using items 

from several different objective levels.

The total number of items available for constructing into 

heterogeneous tests were different at the different grade levels 

because of the particular placement and mastery tests taken. At 

each grade level, there was a random selection of 100 tests for each 

test length, but the sizes of the item pools differed. The sizes of 

the item pools follow:

Grade 3: Multiplication 22 items

Grade 5: Multiplication 26 items

Grade 5: Division 17 items

Grades 6-8: Multiplication 26 items

Grades 6-8: Division 17 items

For each test length of heterogeneous items, all three 

reliability estimates were computed. Coefficient kappa was computed 

using data from heterogeneous pre-tests and post-tests while the 

estimate of kappa and the coefficient of agreement (pc(8))

were computed using the pre-test data only. In cases where there 

was more than one test of a particular length, mean estimates and 

standard errors were computed.
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Each reliability estimate was computed for each heterogeneous 

test constructed. Each estimate was examined to see how the 

violation of item homogeneity in tests of constant length will 

affect the estimates. The estimates for the heterogeneous tests 

were compared to the estimates for the homogeneous tests of the same 

length. Secondly, the estimate of k was compared to the standard, 

kappa, to see how they behaved relative to kappa for tests which are 

not homogeneous.

F. Validation

A different yet related aspect of this research concerns the 

question of validity of the mastery decisions. A random sample of 

students in Grades 5 and 7 was selected for a validation study of 

the mastery decisions. Students in Grades 5 and 7 in the MCPS take 

the Iowa Test of Basic Skills (ITBS) as part of the regular instruc­

tional program. Therefore, the scores in the Math Computation 

section of the ITBS of the students selected were compared to the 

results of the mastery decisions. If, for example, a group of 

students has been consistently classified as masters and these 

classifications have been determined to be reliable, do the stu­

dents' scores on the ITBS support the classifications? The ITBS was 

used as an outside criterion of proficiency to try to examine the 

issue of how a reliable mastery classification relates to a measure 

of proficiency which exists outside the system. In classical test 

theory, validity is bounded by the square root of reliability, but 

it is unclear whether any such relationship exists for criterion- 

referenced tests. In order to examine the relationship between
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reliability and validity for the ISM criterion-referenced tests, the 

students' total scores on the ITBS mathematics section were 

correlated with their scores on the different ISM mastery tests. 

These correlations were then compared to the reliability estimates 

for the tests of different lengths to try to determine if a 

relationship exists for these tests, and consequently whether a 

relationship could be specified between reliability and validity for 

criterion-referenced tests.

The validation analysis consisted of computing Pearson Product 

Moment coefficients between the scores of students in Grades 5 and 7 

on the Total Math section of the ITBS and the mastery tests, as 

given by MCPS, which these students took. For each grade level 

there were two mastery tests taken. Thus, there was a total of four 

validity coefficients computed.

G. Relationship Between the KR21 and the Criterion-Referenced 

Reliability Coefficients

One final aspect of this research involved the comparison of the 

criterion-referenced reliability estimates to norm-referenced or 

classical reliability coefficients computed from the same ISM test 

data. The first analysis consisted of computing KR21 coefficients 

for the different length tests and then computing a PPM correlation 

between the KR21 coefficients and each of the three criterion- 

referenced coefficients computed. This analysis addressed the issue 

of the relationship between internal consistency and the 

criterion-referenced indices.
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Kuder-Richardson (internal consistency) coefficients were 

computed for all five objectives. They were computed for total test 

length for each objective as well as for each test length which was 

analyzed for the test length analysis. This means, for example, 

that for Grade 6, DI 10-N, a KR coefficient was computed for the 

total test length of 9 items, for a random sample of 7 items and for 

a random sample of 5 items. These coefficients for the different 

test lengths were then compared to the kappa coefficients for the 

same 5 and 7 items, respectively. The Kuder-Richardson coefficients 

for the different test lengths were also compared to the Huynh and 

Subkoviak coefficients for the same test items.

Comparison Between Test-Retest Coefficients and the 

Criterion-Referenced Reliability Coefficients

A second comparison between norm-referenced and criterion- 

referenced coefficients was undertaken by computing test-retest 

coefficients between the two test administrations. These test- 

retest coefficients were computed for all five objectives and were 

computed by grade level for the objectives for Grades 6-8. These 

test-retest coefficients were then compared to the relevant 

criterion-referenced coefficients by means of a Pearson Product 

Moment correlation. It was possible to do this analysis because, as 

was explained at the beginning of the Methodology section, there 

were two test administrations, separated by a two-week period. It 

is especially interesting to note the relationship between test- 

retest coefficients and the two reliability estimates of Huynh 

(1976) and Subkoviak (1976) because there are actual data from a
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second test administration and it will be interesting to see what 

the two simulations produce for second forms.

The initial computation of the test-retest coefficients 

consisted of computing the coefficients on the mastery tests, as 

they are given by MCPS. Subsequently, test-retest coefficients were 

computed on a random sample of 7 items and on the total items for 

each objective. These test-retest coefficients were then compared 

to the kappa, Huynh, and Subkoviak coefficients for the same items. 

The test-retest coefficients for 3 items and 7 items were computed 

on the same items as the Kuder-Richardson internal consistency 

coefficients to allow for a comparison of these coefficients.
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Chapter 5 

RESULTS

In this research there were eight analyses performed. Six analyses 

examined the effect of different variables on the three reliability 

coefficients k, k^, and Pc(s) an<* ĉ e relationship of these 

coefficients to each other. These six analyses were: (1) the effect 

of test length, (2) the combined effect of cut-off score and test 

length, (3) the combined effect of ability grouping and cut-off score, 

(4) the effect of sample size, (5) the effect of heterogeneity of test 

content, (6) the validity of the criterion-referenced tests. The last 

two analyses examined: (1) the relationship between two norm-

referenced coefficients (KR21 and test-retest) and the criterion- 

referenced coefficients, and (2) the relationship between the empirical 

standard, k, and the single administration criterion-referenced 

coefficient Intended to estimate kappa, k̂ . Each analysis is 

discussed in a separate section.

In each table the mean values for a particular test length and the 

standard errors are both reported. The mean values of the coefficients 

were determined by: (1) constructing all possible tests of a given

length from the item pool (see Equation 17, p. 60); (2) computing all 

three reliability coefficients for each combination; (3) finding the 

mean of each coefficient over all'the test combinations. When the 

value of the coefficient is reported for the maximum number of items 

for an objective, the coefficient is simply a single value and thus 

there is no standard error.
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It should be noted that In each table In the Results there are two

sets of results reported for P , .. . One set of results is based onc(s)
the assumption of a simple binomial model and one set of results is 

based on the assumption of a compound binomial model (see Chapter 4, 

pp. 57-58).

I. Test Length

The first analysis conducted examined the effect of test length on 

the three reliability coefficients. The test items measuring one 

objective were reorganized to construct tests of different lengths 

using the method described in the preceding paragraph. Mastery level 

was held constant at ■ 80 percent for all test lengths and all grade 

levels. In Table 2, the mean values for k, and pc(g) are

presented for test lengths of n ■ 5, 7, 8, 9, 10, 13. The averaging is 

over grade level and over all the different test combinations. Results 

by grade level can be found in the Appendix, Tables 25-29. In addition 

to the average coefficients, average standard errors are presented. 

Within each grade level a standard error is generated by considering 

the reliability values for all possible tests of a given length. The 

number of such tests can be computed by the combination formula (see 

Equation 17, p. 60). In Table 2, the standard errors are averaged over 

grade.

The predicted results of the test length analysis were only 

partially attained.



TABLE 2

The effect of test length (N) on the expected value and 
s.e. of the three reliability coefficients

Test Length
E(k) s.e. k E(V s.e. kj,

(simple)

s.e. p , . c(s)
(simple) (compound)

s.e. p ,c ( s
(compound)

5 items .375 .091 .513 .057 .709 .039 .888 .042

7 items .388 .078 .505 .032 .699 .022 .877 .024

8 items .511 - .559 - .754 - .890 -

9 items .335 - .429 - .724 - .956 -

10 items .450 - .725 - .826 - .958 -

13 items* .354 - .796 - .802 - .954 -

Average .402 .085 .588 .045 .752 .031 .921 .033

* - Not mean values because only one group took this test length.
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As can be seen in Table 2, the general Increase in the size of the 

coefficients by test length is true only for the increase from 5 to 8 

items. All the coefficients except Pc(s) (compound) are particularly 

low for the 9-item tests. When the tests are lengthened beyond 9 items 

there is no clear pattern of general increase for any of the 

coefficients. Coefficient k in fact decreases markedly for the 13-item 

test. However, for all the coefficients except k an increasing pattern 

for the reliability coefficients as the test is lengthened may not be 

detectable due to the size of the standard errors. These patterns may 

be seen in Figure 1.

With regard to the 9-ltem tests, the same sample of students took 

these items measuring multiplication (MU08-L: multiplication of 3- and

4-digit numbers by 2-dlgit numbers) as took the division items 

(DI10-N: division of 3- and 4-digit numbers by 2-digit numbers). The

distribution of the coefficients for the division items is quite 

different (see Appendix, Tables 26 and 27). For the division 

objective, the majority of coefficients across the test lengths and 

across the grade levels is .40 or above while for the multiplication 

objective all but one of the ks are below .40, and all but one of the 

k^s are .40 and below. The values of Pc(8) (simple binomial) also 

are at their lowest - .60 to .70 - for this multiplication objective in 

the test length analysis. This distribution would suggest that the 

multiplication items are not good measures or that the sample of 

students is not adequately competent in multiplication to perform 

consistently on a repeated measure of performance in multiplication.



-76-

FIGURE 1

Distributions of mean coefficient values of k, k,,, p . x (simple)
and ^  c(8)

p . v (compound) for tests of different lengths Cisj
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Further, in Table 2, we note the great difference among the 

standard errors for the coefficients. The standard errors for k were 

comparatively large (over .06) while the standard errors for k^ were 

moderate to low and those for Pc(8) were extremely low.

With respect to size of the reliability coefficients, in almost all 

instances, the size of the k^ coefficients was greater than the size 

of the k coefficients. The coefficient of agreement from both the 

simple and compound binomial models was extremely high, .60 to .79 for 

the simple model and over .80 for the compound model, in contrast to 

the .20-.59 range for most of the k and k^ coefficients. The size of 

the coefficients of agreement would be expected to be greater than the
Asize of k or k^ because of there being no correction for chance

agreement for p . ..c^s;
An examination of rank order correlations between k, the standard, 

and each of the three other coefficients provides an interesting * 

comparison among the coefficients. The rank order correlation between
Ak and k^ is .315; the rank order correlation between k and Pc ĝ  ̂

(simple) is .20 and the correlation between k and Pc(g) (compound) is 

—.1A3. Thus, the agreement is poor.

The relationship between k and k^ - i.e., whether is a good 

estimate of k - can be examined by determining the difference scores 

between the two coefficients for the different test lengths. In 

Table 3 are presented the mean difference scores and ranges of the two 

coefficients by test length.
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TABLE 3

Ranges of the k and coefficients and mean difference scores 
between the coefficients for different test lengths

Test Length Range of k Range of k^ d

5 Items .211-.522 .205-.706 -.082

7 Items .267-.492 .269-.735 -.122

8 Items .338-.629 .397-.644 -.004

9 Items .225-.474 .306-.529 -.094

10 Items .468-.525 .724-.778 -.255

13 Items* E(k)«.354 E(kn)-.796 -.426

* - Not a mean difference because only one group took this test 
length.

It Is evident from examining Table 3 that k^ seems to be a fairly 

good estimate of k for the shorter test lengths, but for the test 

lengths of 10- and 13-ltem tests k^ Is not a good estimate of k. 

Additionally the fact that the mean differences between k and k^ are 

all negative, may Indicate that k^ is a biased estimated of k.

II. The Combined Effect of Cut-off Score and Test Length

The second analysis conducted examined the combined effect of 

cut-off score and test length. Each analysis was conducted by grade 

level since each grade took different objectives. Results of the grade 

level analysis can be seen In the Appendix, Tables 30-40. Since the 

results by grade level did not show any discernible pattern the results 

were collapsed across grade level to look at the combined effect of 

cut-off score and test length.
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Since In many cases 1C was not possible to figure exact percentages 

for cut-off scores of 60 and 80 percent, items were selected to come as 

close as possible to the specified cut-off scores. The following table 

demonstrates the exact percentages of items selected for particular 

test lengths:

TABLE A

Number of items and percentage mastery for different test lengths used 
in the analysis of the combined effect of cut-off score and test length

Number 
of Items 
in Test

Prespecified 
Mastery Level

Number of 
Items and 
Percentage 
Mastery

5 60% 3(60%)
80% A(80%)
100% 5(100%)

7 60% A(57%)
80% 6(85%)
100% 7(100%)

8 60% 5(67%)
80% 6(75%)
100% 8(100%)

9 60% 6(67%)
80% 7(78%)
100% 9(100%)

10 60% 6(60%)
80% 8(80%)
100% 10(100%)

13 60% 8(61%)
80% 11(8A%)
100% 13(100%)

Table 5 presents mean values and standard errors for all the

coefficients by test length and cut-off score. As with the data in the 

test length analysis, the averaging is over grade levels and over all 

the different test combinations. In addition, average standard errors



TABLE 5

The effect of cut-off score and test length on the expected value and 
s.e. of the three reliability coefficients

Cut-ofi 
Score Test Length

E(k) s.e. k E(V s.e. E(Pc(s))
(simple)

s.e. p , .c(s)
(simple) (compound)

S*6» P / \c(s)
(compound)

5 items .397 .182 .433 .176 .830 .051 .945 .053
7 items .411 .195 .482 .178 .863 .046 .964 .038

601 8 items .487 .085 .552 .117 .817 .023 .938 .046
9 items .292 .118 .405 .106 .832 .044 .982 .012
10 items .601 .756 .903 .971
13 items* .703 .809 .927 .995

Average .481 .145 .572 .144 .862 .041 .968 .037

5 items .375 .097 .456 .153 .710 .053 .888 .064
7 items .388 .068 .505 .140 .699 .068 .877 .058

80X 8 items .511 .107 .559 .098 .754 .023 .890 .046
9 items .336 .108 .430 .092 .724 .035 .956 .028
10 items .497 .760 .826 .958
13 items* .354 .796 .802 .954

Average .410 .095 .584 .121 .753 .045 .921 .049

5 items .269 .049 .416 .137 .780 .081 .743 .073
7 items .259 .086 .443 .132 .733 .073 .763 .070

1001 8 items .193 .181 .458 .068 .795 .071 .778 .077
9 items .333 .120 .354 .078 .730 .049 .750 .027
10 items .196 .670 .788 .890
13 items* .264 .716 .806 .892

Average .252 .109 .509 ( .104 .772 .069 .802 .062

* - Not mean values because only one group took this test length.
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are presenCed. With In each grade level a standard error Is generated 

by considering the reliability values for all possible tests of a given 

length.

Tn general, the mean values of k and are highest at the 60 and 

80 percent cut-off scores with a decline, rather precipitous for k, at 

the 100 percent cut-off score. The standard errors for the k and k^ 

coefficients are all above .06.

The mean values of the two Pc(8) coefficients are much higher 

than the means of the k or k^ coefficients, at all cut-off scores.

For both p , . coefficients the maximum mean value occurs at the 60C(8)

percent cut-off score while the lowest mean value for p , . (simple)C\B)
is at the 80 percent cut-off and that for Pc(8) (compound) is at the

100 percent cut-off. The standard errors for both p . . coefficientsc(s)
are considerably lower than those for k and k̂ .

In examining the effect of test length within each cut-off score, 

there appears to be a general increase in the size of the coefficients 

as the test Is lengthened. However, there Is no consistent pattern.

As was the case with the test length analysis a consistent pattern of 

increase may be being obscured by the size of the standard errors.

Also consistent with the test length analysis Is the smaller values of 

the coefficients for the 9-item tests at each cut-off score.

In order to examine the relationship between k and the two single 

administration coefficients rank order correlations were computed 

between k and lĉ and between k and Pc(g) (simple and compound) 

within each cut-off score. Thus the coefficients for the different 

test lengths were rank ordered within each cut-off score and rank order 

correlation coefficients were computed.
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The greatest positive relationship between k and the other 

coefficients occurs at the 60 percent cut-off score. There is a 

perfect 1.0 correlation between k and k^ at this cut-off score. The 

correlation between k and p , . (simple) is .60 while that between k
C(8)

and p / . (compound) is .26. els)
There is virtually no agreement between k and the other

coefficients at either the 80 percent or the 100 percent cut-off

score. At the 80 percent cut-off score the correlation between k and

lCy is .315 and those between k and Pc(8) (simple) and k and Pc(8j

(compound) are .20 and -.143, respectively. At the 100 percent cut-off

score, the rank order correlations are: -.02 between k and and

-.54 between k and both Pc(8) (simple and Pc(8) (compound).

If the coefficients are averaged over test length by cut-off score,

k and p . . (compound) both are highest at the 60 percent cut-off and C V 8 /
decline steadily to the 100 percent cut-off. Neither k^ nor Pc(8) 

(simple) follows the same pattern. These results which confirm the 

lack of consistent patterns in the correlational analysis are presented 

below in Table 6.

In an attempt to address the issue of whether k^ is a good 

estimate of k, average difference scores were computed between k and 

kjj for each test length and for each cut-off score. The results of 

these computations may be seen in Table 7.
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At the 60 percent and at the 80 percent cut-off scores, 

appears to be a reasonable estimate of k for the shorter test lengths. 

At the 100 percent cut-off score, however, fĉ seems to be a 

reasonable estimate of k only for the test lengths of 8 Items and 9 

Items. Thus there Is no consistent pattern across all cut-off scores 

for how well k^ estimates k. Additionally In this analysis as was 

the case for the test length analysis, the average difference scores 

are all negative, Indicating that k^ Is consistently overestimating 

k.

TABLE 6

The effect of cut-off score, averaged over test length on the 

expected value and s.e. of the three reliability coefficients

Cut-off

Score

E(k) s.e.(k) E(V s.e.(k̂ ) E(PCs8) s.e.(p s)C8 E(PCsc) 8 *e -(pcsc)

60% .481 .145 .572 .144 .862 .041 .968 .037

80% .410 .095 .584 .121 .753 .045 .921 .049

100% .252 .109 .509 .104 .772 .069 .802 .062
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TABLE 7

Ranges of the k and k„ coefficients and mean difference scores 
between the coefficients for different test lengths within

three cut-off scores

Cut-off
Score

Test
Length Range of k Range of k^ d

5 Items .112-.723 .149-.703 -.036

7 Items .109-.754 .174-.743 -.071

8 Items .393-.593 .359-.657 -.064
60%

9 items .119-.381 .260-.514 -.113

10 Items 

13 Items*

.459-.742 .728-.783 -.155 

d*— .106

5 Items .211-.522 .205-.706 -.082

7 items .266-.492 .269-.735 -.118

80%
8 items .338-.629 .397-.644 -.047

9 Items .225-.474 .306-.529 -.099

10 Items 

13 items*

.468-.525 .724-.778 -.255 

d*— .442

5 items .153-.332 .205-.664 -.146

7 items .096-.403 .239-.685 -.184

8 Items -.089-.384 .342-.511 -.121
100%

9 items .175-.360 .266-.453 CMO•1

10 items 

13 items*

.132-.259 .635-.704 -.474 

d*— .452

* - Indicates only one case of the test length and thus d Is 
actual difference between k and k.
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III. The Combined Effect of Ability Level and Cut-off Score

The analysis of the effect of ability level on the three 

coefficients consisted of conducting the analyses of test length and 

cut-off score within two ability groups, high and low, for each 

objective. Scores from the Iowa Test of Basic Skills (ITBS) were used 

to identify students of high ability and low ability in mathematics. 

The criterion level of the 50th percentile based on the normlng sample 

was chosen for the Identification process. Those students whose total 

Math Score on the ITBS was above the 50th percentile were considered 

high ability while those students whose Total Math Score was in the

50th percentile or below were considered low ability.

It would have been more desirable to have been able to make finer 

distinctions in the ability groupings such as students with scores in 

stalnlnes 1, 2, 3 for low ability and students with scores in stanines 

7, 8, 9 for high ability. However, the particular sample of students 

is one of relatively high achievement and there were not enough 

students with math achievement scores in stanines 1, 2, 3 to make up a

low ability group. Even using the criterion of the 50th percentile to

distinguish between high and low ability, the analysis could not be 

done for the third grade sample because there were only five students 

who met the criterion for low ability. In the fifth grade there were 

26 students in the low ability group and 28 in the high ability group. 

For grades 6-8, the low ability group consisted of 43 students while 

the high ability group was three times as large, N ■ 129. Thus the 

total for the low ability group was 69 while the total for the high 

ability group was 157.



-86-

Table 8 presents mean values and standard errors for al the 

coefficients by cut-off score averaged over test length, for both the 

low ability and the high ability groups. The averaging is first over 

grade levels and over all the different test combinations (see Equation 

17, p. 60). Then the test length results were collapsed by cut-off 

score. The results were collapsed over grade level because there was 

no consistent pattern by grade level for either ability group. Results 

of the grade level analysis can be found in the Appendix, Tables 41-48. 

In addition, average standard errors are presented. Within each grade 

level a standard error is generated by considering the reliability 

values for all.possible tests of a given length.



I
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TABLE 8

The combined effect of ability level and cut-off score on the expected value and 
s.e. of the three reliability coefficients for low ability and high ability students

Cut-off
Score

Ability
Level

E(k) s.e.(k) E(k) s.e.(k)
(simple)

••e-(pc(s))
(simple)

^ c O . ) ’
(compound)

s-«-(Pc(s))
(compound)

Low .473 .121 .617 .041 .815 .026 .936 .028
60Z

High .346 .096 .471 .046 .845 .023 .967 .017

Low .487 .105 .608 .042 .779 .028 .885 .029
80%

High .381 .093 .494 .043 .726 .027 .905 .032

Low .134 .199 .509 .047 .822 .020 .850 .031
100%

High .163 .109 .424 .046 .718 .022 .757 .033
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An examination of Table 8 reveals that only is consistently 

somewhat higher for the low ability group. The size of the standard 

errors for k are such that there is not much difference between the 

values of k for the two ability groups. Neither p . . (simple nor
CKB)

p . v (compound) follows a consistent pattern of being higher or CIBJ
lower for one ability group.

Figure 2 presents the distributions of the numbers of each 

reliability coefficient in coefficient intervals for both the low and 

the high ability groups. There was a total of 12 of each coefficient 

computed for each ability group and cut-off score.

It is clear from the figures that there is very little overlap 

between the coefficients of agreement and k and k^ for either ability 

group.

In order to investigate whether k^ is a good estimate of k for 

the two ability groups mean difference scores were computed between k 

and k^ by test length within each cut-off score for each ability 

groups. This analysis could only be done for the test lengths of

5-items, 7-items and 8-ltems because there was only one instance of the 

test lengths of 9-ltems, 10-items and 13-items. The data from these 

computations are presented in Table 9.



FICtlsr 2

Distribution* of Cbe numbers of the three reliability coefficients In 
coefficient Intervals lor low ability and high ability sta-Jent*

! y

pc < s)/la,l>,,f 1010

3

6 k
'c(s) co*Poun<l *4

i’c(s)2

<.20 .20-.29 .30-.39 .40-.49 .50-.59 .60-.69 .70-.79 .80-.89 .90-.S9 <.20 .2C-.29 .30-.39 .40-.49 .50-.59 .60- . i i  .7C-.^9 .80-.£9 .90-.79

Low Ability 602 Cut-off High Ability 602 Cut-off

! 2
10
8

Pc(»)»iSPle
3 lW J I# W Pc( | )

compound
6

2

<.20 .20-.29 .30-.39 .40-.49 .50-.59 .60-.69 .7C-.79 .80-.89 .90-.99

12

10

8
6 «ccan)Q>pc<-) *1:“ptc

----
njnipmind

N *'n vH
<.20 .20-.29 .30-.39 .40-.49 .50-.59 .60-.69 .7C-.79 .80-.89 .90-.99 <.20 . 20-.29 . 30-.39 . 4 0 - . 49 .59-.59 .60-.69 ./0-.79 . 8 0 - . *.9 .99-.,%

Low Ability 802 Cut-off High Ability 802 Cut-off

I00vOI

12

9
6

2

<.20 .20-.7.9 .30-.39 . 4 0 - . 4 9  . 5 0 - . 5 9  .60-.09 .70-.79 . 5 0 - . 89 .90-.99

i»c(r) coe.pouri.;

•I - - c(a; »luPla

- k

-tIt

Low Ability 1002 Cut-off 

■ioooc - p slr.plr 
x s x m i - pc< compound

< . 2 0  . 2 0 - . 2 9  . 3 0 - . V )  ..9 57  . 6 1 - . I ” .3 0  . 8 " . 5 0 - .

H i g h  Ability 1 9 . : .

The y axe* » number nf c.rcf f Ir l.-rts 
t l i a  * axes - c f . o f fit 1 *  l i t  Interval.!



TABLE 9

Ranges of the k and coefficients and mean difference scores between the coefficients 
by test length and cut-off score for the low ability and high ability groups

Cut-off
Score

Test
Length

Low Ability High Ability
Range of 

k
Range of 

H
_d

Range of 
k

Range of 
*H d

5 items .249-.668 .428-.671 -.116 .245-.526 .224-.516 -.04

60% 7 items .267-.719 .488-.715 -.147 .257-.525 .266-.577 -.09

8 items .394-.752 .529-.728 -.056 .304-.401 .453-.567 -.158

5 items .314-.697 .435-.654 -.110 .289-.399 .279-.542 -.092

80% 7 items .273-.688 .468-.682 -.143 .324-.371 .345-.598 -.132

8 items .518-.738 .520-.709 .014 .413-.419 .478-.563 -.105

5 items .118-.436 .352-.593 -.196 .147-.276 .206-.509 -.136

100% 7 items -.012-.336 .365-.611 -.324 .004-.318 .298-.547 -.259

8 items -.040-(-.086) .369-.576 -.535 -.139-.275 .404-.433 -.351
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These data would indicate that k^ consistently somewhat 

overestimates k at the 60 and 80 percent cut-off scores and there is 

little difference in the amount of overestlmatlon between the two 

ability groups. At the 100 percent cut-off score, k^ greatly 

overestimates k for both ability groups.

IV. Sample Size

The fourth analysis examined the effect of sample size on the 

reliability estimates. The analysis was conducted by objective taken 

which also means by grade level. In the case of the two objectives 

taken by Grades 6-8, the students in Grade 7 were selected for this 

analysis. The reason for this is that there were approximately 

equivalent numbers of students in Grade 7 as in Grades 3 and 5. The 

analyses for effect of sample size entailed examining the different 

test lengths and cut-off scores for a sample of one classroom (N - 25) 

for each objective and then for two classrooms (N - 50). The data from 

the analysis of single classrooms and two classrooms are presented in 

Table 10. In this table the mean values are presented for the three 

cut-off scores of 60 percent, 80 percent and 100 percent averaged first 

over grade levels and over all the different test combinations. These 

results are then collapsed over test length. In addition average 

standard errors are presented. Within each grade level a standard 

error is generated by considering the reliability values for all 

possible tests of a given length (see Equation 17, p. 60) and the 

standard errors are averaged over grade. They are further averaged 

over test length. Grade level results are available in the Appendix, 

Tables 49-53 (one classroom samples and Tables 30, 31, 32, ,34, 38 (two 

classroom samples).



TABLE 10

The effect of sample size on the expected value and s.e. of the three reliability coefficients 
by cut-off score for one classroom (N * 25) and two classroom (N * 50) samples

Cut-off
Score

Sample
Size

E(k) s.e.(k) E(k) s.e.(k) Ur'W>
(simple) (simple) (compound)

■•'■''cW1
(compound)

One class .425 .140 .533 .050 .894 .019 .984 .010
60%

Two classes .511 .081 .551 .066 .879 .019 .975 .015

One class .378 .105 .548 .052 .794 .029 .954 .004
80%

Two classes .385 .072 .565 .038 .768 .022 .940 .026

One class .064 .117 .495 .056 .734 .020 .803 .038
100%

Two classes .242 .089 .501 .040 .739 .015 .803 .036
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An examination of Table 10 ahows that the mean values of the three

coefficients seem to change very little from the one classroom (N - 25)

to the two classroom (N ■ 50) sample. The sizes of the k and

coefficients appear slightly larger In the two classroom sample while

the coefficients of agreement appear to be slightly larger for the one

classroom sample.

Vlth respect to the size of the standard errors of the

coefficients, as predicted, the size of the mean values of the standard

errors for k Is somewhat smaller in the two classroom sample, at all

cut-off scores. For 6^ at the 60 percent cut-off score, the size of

the mean standard error Is smaller for the one classroom samples, while

at the 80 and 100 percent cut-off scores the mean standard errors for

the two classroom sample are smaller. For the coefficients of

agreement the size of the standard errors Is virtually the same for the

two samples sizes except for that for p . . (compound) at the 80cisj
percent cut-off which is much smaller for the one classroom sample.

However, the standard errors for Pc(8) (compound) are higher than

those for p . . (simple) for both sample sizes and the range of the 
C \ 8 )

standard errors Is greater in the two classroom sample.

In order to Investigate estimation of k, mean difference

scores between k and k^ were computed for different test lengths by 

cut-off score for the one classroom and two classroom samples. The 

difference scores for the 9- and 13-ltem tests are absolute differences 

because there was only one of each test for the samples. The results 

of these computations can be seen in Table 11.
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TABLE 11

Ranges of the k and coefficients and mean difference scores by cut-off score and test 
length for one classroom (N ■ 25) and two classroom (N ■ 50) samples

Cut-off
Score

Test
Length

One Classroom Two Classrooms
Range of 

k
Range of

d
Range of 

k
Range of

d

5 Items .105-.659 .135-.736 -.072 .184-.723 .149-.703 -.015

7 items .000-.681 .143-.772 -.127 .125-.754 .174-.743 -.037

60* 8 items .000-.559 .344-.605 -.195 .393-.593 .359-.657 -.015

9 items .353 .218 d -.135 .119 .514 d*— .395

10 items .500-.657 .696-.828 -.184 .459-.742 .728-.783 -.155

13 items4 .606 .828 d — .222 .703 .809 d*--.106

5 items .174-.498 .192-.722 -.09 .272-.522 .205-.706 -.089

7 items .206-.517 .244-.743 -.162 .266-.492 .269-.735 -.141

80* 8 items .338-.600 .392-.609 -.029 .338-.554 .397-.644 -.075

9 items .358 .271 d - .087 .258 .529 d*— .271

10 items .395-.404 .709-.788 -.349 .468-.525 .724-.778 -.255

13 items* .324 .799 d — .475 .354 .796 d*— .442

5 items .089-.389 .204-.659 -.214 .153-.332 .205-.664 .179

7 items .024-.387 .229-.674 -.295 .096-.403 .239-.685 -.245

100* 8 items -.185-.087 .371-.512 -.491 -.089-.134 .342-.511 -.404

9 items .355 .259 d -.096 .175 .453 d*— .278

10 items -.008-.333 .647-.688 -.505 .132-.259 .635-.704 -.474

13 items* .114 .696 d — .582 .264 .716 d*— .452

*Indicates only one case of test length and so d is actual difference between k and lL
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At the 60 percent cut-off score is a better estimate of k for 

the larger (e.g., two classroom) sample for the shorter test lengths.

At the 80 percent cut-off, the mean difference scores between the 

coefficients are about the same for the two sample sizes and the

difference scores are higher than those for the 60 percent cut-off

score. At the 100 percent cut-off score the mean differences between 

the coefficients are very large for both sample sizes. Thus only for 

the shorter test lengths at the 60 percent cut-off score is k^ a 

fairly good estimate of k. It should be noted, however, that 

consistent with the previous analyses k^ is an overestimate at almost 

all test lengths and cut-off scores.

V. Heterogeneity of Test Content

The analysis of item heterogeneity consisted of constructing tests 

of different lengths using items from several different objective 

levels. The test lengths examined were the same as those examined for

the test length analysis (e.g., 5, 7, 8, 9, 10 and 13 items) and the

cut-off score was held constant at 80 percent. The content of the test 

was the only thing which varied.

It was possible to vary the content of the tests because the 

placement tests which the students took consisted of items measuring 

several different objectives (or skills) in multiplication and division 

each objective being measured by a few items. Therefore these items 

were organized into 2-item pools, multiplication and division. The 

combination program was run (see Equation 17, p. 60) for each pool of 

items and for each test length of each objective 100 combinations of 

items were selected at random for examination. Grade level and skill
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area multiplication and division results can be seen In the Appendix, 

Tables 54-62.

In Table 12, the mean values for k, k^ and Pc(8) flre presented 

for test lengths of N - 5, 7, 8, 9, 10, 13 for homogeneous and 

heterogeneous tests. The averaging Is over grade levels and over the 

100 different test combinations. In addition, average standard errors 

are presented. Within each grade level a standard error Is generated 

by considering the reliability values for all possible tests of a given 

length (see Equation 17, p. 60). In Table 12, the standard errors are 

averaged over grade.

The results for the heterogeneous tests are different from the 

results of this analysis with homogeneous test content. When the test 

content was homogeneous, there was a general Increase in the size of 

the mean values of the coefficients up to a test length of 8 items, 

beyond which the pattern of a general Increase was not discernible.

As can be seen in Table 12, the mean values of k and k^ for the 

heterogeneous tests do not show a pattern of Increase as the test is 

lengthened, while the maximum mean value of k occurs for a test length 

of 10 items and the maximum mean value of k^ occurs for a test length 

of 13 items. Additionally, the size of the standard errors for k and 

k^ are higher for the heterogeneous tests. The mean values of the 

Pc(s) coe^^^c^ents ®how much less variability in behavior between the 

two types of tests.

Figure 3 presents the distributions of the coefficients for the 

homogeneous and the heterogeneous tests.



TABLE 12

The effect of test length on the expected value and s.e. of the reliability coefficients 
for tests of homogeneous and heterogeneous test content

Test
Length

Test
Content

E(k) s.e.(k) E(k) s.e.(k) E(pc(.))
(simple)

s,e* <pc(s)^ 
(simple) (compound) (compound)

Homogeneous .375 .091 .513 .057 .709 .039 .888 .042
5 items

Heterogeneous .295 .154 .260 .119 .789 .092 .976 .028

Homogeneous .388 .078 .505 .032 .699 .022 .877 .024
7 items

Heterogeneous .323 .136 .296 .102 .744 .087 .969 .022

Homogeneous .511 .559 .754 .890 .
8 items

Heterogeneous .230 .194 .157 .104 .854 .132 .997 .006

Homogeneous .335 .429 _ .724 .956
9 items

Heterogeneous .423 .115 .415 .062 .795 .044 .975 .014

Homogeneous .450 .725 .826 .958
10 items

Heterogeneous .570 .102 .566 .082 .761 .037 .937 .019

Homogeneous .354 .796 .802 m .954
13 items

Heterogeneous .520 .081 .622 .052 .762 .024 .967 .014
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FIGURE 3

Distributions of k, k^ and Pc/8\ f°r tests composed of heterogeneous
homogeneous test contentand tests of
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IC can be seen from Figure 3 that the distributions of mean values 

of the coefficients are almost the same for the two test types for the 

^c(s) coef ^ c*ent8 while they are different for k and k̂ . For k 

not only is the pattern different, but the coefficients are higher for 

the heterogeneous test content. For k^ the coefficient behaves 

similarly over the two types of tests, but the mean values are quite a 

bit higher for the homogeneous test content.

The rank order correlation coefficients computed between k and each 

of the other reliability coefficients show a strong relationship 

between k and and no agreement between k and Pc(8) (simple) or 

between k and Pc(8) (compound). The rank order correlation between k 

and kjj is .944. The correlation between k and Pc(8) (simple) is

-.58 while that between k and p . . (compound) is -.89. For the
C{B)

homogeneous test content there was no agreement between k and the other

coefficients as determined by the rank order correlation coefficients.

Those coefficients were: .315 (k and k^); .20 (k and Pc(8)

simple); and -.143 (k and p , . compound).els;
Mean difference scores were computed between k and k^ for the 

different test lengths for the heterogeneous tests. These difference 

scores and ranges of the two coefficients by test length for both types 

of tests, homogeneous and heterogeneous, are presented in Table 13.
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TABLE 13
A

Ranges of the k and coefficients and mean difference scores between the coefficients 
by test length and cut-off score for the low ability and high ability groups

Test
Length

Homogeneous Heterogeneous
Range of 

k
Range of 

kH d
Range of 

k
Range of

H d

5 items .211-.522 .205-.706 -.082 .077-.557 0 <r> 1 • .035

7 items .267-.492 .269-.735 -.122 .119-.541 .157-.488 .012

8 items .338-.629 .397-.644 -.004 .043-.465 .078-.244 .073

9 items .225-.474 .306-.529 -.094 .255-.545 .233-.549 .03

10 items .468-.525 .724-.778 -.255 .559-.581 .559-.573 .004

13 items* E(k)“.354 E(kjj)". 796 |d|— .426 E(k)-.520 E(kjj)“.622 d—  .102

*Represents single Instance of test of this length.
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As can be seen In Table 13, provides a closer estimate of k at 

all test lengths for the heterogeneous tests, k^ has a more 

restricted range for the heterogeneous tests and the mean values for 

kjj are lower for the heterogeneous tests. Interestingly the opposite 

Is true for k - i.e., k has a greater range and generally higher mean 

values for the heterogeneous tests. The result Is that the mean values 

for k and k^ are closer. Additionally this is the first analysis for 

which k^ is not consistently higher than k.

Table 14 presents the absolute difference scores between the mean 

values of each coefficient for the homogeneous and the heterogeneous 

tests. For the most part k Is higher for the homogeneous tests, k^, 

with the exception of grade 8 multiplication, is higher for the 

homogeneous tests. The coefficients of agreement on the other hand are 

generally higher for the heterogeneous tests.
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TABLE 14

Absolute difference scores between mean coefficients from homogeneous 
tests and heterogeneous tests for all the reliability coefficients

Grade

Number
Of

Items

kappa kapjpa pc(s)(siinple) Pc(s) (coinPoun
Homo.-Heter. Homo.-Heter. Homo.-Heter. Homo.-Heter.

3 5 -.035 .329 .085 -.028
7 -.10 .293 .109 -.013
10 -.091 .205 .066 .017
13 -.166 .174 .04 -.013

5 5 -.128 .165 .073 .003
(mult.) 7 -.11 .184 .026 .022

10 -.056 .165 .054 .025

5 5 .143 .330 .016 -.129
(divis. ) 7 .127 .357 .09 -.099

.089 .400 .033 -.108

6 5 .023 .039 -.126 -.075
(mult.) 7 .008 .022 -.058 -.094

.057 .028 -.095 -.052

6 5 .309 .273 -.17 -.111
(divis. ) 7 .248 .307 -.089 -.119

.261 .361 -.114 -.061

7 5 .082 .017 -.21 -.025
(mult.) 7 .097 .072 -.137 -.047

-.03 .073 -.12 -.004

7 5 .094 .347 -.226 -.114
(divis. ) 7 .244 .410 -.175 -.126

.289 .476 -.184 -.062

8 5 -.194 -.002 -.011 -.008
(mult.) 7 -.136 -.008 -.016 .007

-.263 -.02 -.004 .003

8 5 .348 .422 -.138 -.230
(divis. ) 7 .310 .443 -.034 -.208

.586 .500 -.112 -.167

6-8 5 .255 .137 -.175 -.069
Combined 7 .214 .206 -.127 -.098
(mult.) .109 .255 -.125 -.052

6-8 5 .270 .388 -.179 -.208
Combined 7 .241 .383 -.105 -.218
(divis. ) 8 .356 .426 -.132 -.135
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VI. Validation

The validation analysis consisted of computing Pearson Product 

Moment coefficients between the scores on the ITBS mathematics section 

and scores on the ISM mastery tests as given by MCPS for students In 

Grades 5 and 7. The math scores on the ITBS were considered an outside 

criterion of proficiency for these students. The validation analysis 

was restricted to examining the relationship between the ISM tests and 

the ITBS. Thus only predictive validity was looked at. It would have 

been possible using other methods to look at other types of validity. 

However, the availability of the ITBS scores made predictive validity 

appropriate to look at. Each student in both Grades 5 and 7 took a 

mastery test in multiplication and a mastery test In division, but the 

mastery tests were different for the different grades.

The mastery test In multiplication which the students in Grade 5 

took was Multiplication 07-K and consisted of five problems in 

multiplication of 3-dlglt numbers by 2- and 3-diglt numbers. The 

correlation between scores (i.e., number right) on the mastery test and 

scores on the ITBS mathematics section, was .343. The k coefficient 

computed for these 5 items was .397 (Table 15). The validity 

coefficient and the k coefficient are very similar in size and neither 

one is particularly high. The KR21 coefficient for these items is 

.731, much higher than the k or the validity coefficient. In 

norm-referenced test theory, validity is bounded by the square root of 

reliability. The square root of the kappa reliability coefficient is 

.630 and the square root of KR21 is .854. Thus for these items, the 

validity coefficient is clearly lower than the square root of the
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TABLE 15

Validity coefficients and kappa coefficients for 4 mastery tests

Grade Oblective
Test
Length

kappa
Coefficient

Validity
Coefficient KR21

5 Multiplication
07-K

5 items .397 .343 .731

7 Multiplication
08-L

5 items .216 .119 .385

5 Division
08-J

5 items .450 .287 .719

7 Division
10-N

5 items .214 .438 .519



-105-

reliability coefficients. For these items then the results suggest 

that validity could be viewed as being bounded by the square root of k, 

as it is in the case of norm-referenced tests.

To continue with items measuring the same skill, multiplication, 

the students in Grade 7 took a mastery test MU OR-L which consisted of 

five items in multiplication of 3- and 4-digit numbers by 2-dlgit 

numbers. The correlation between scores on these items and scores on 

the ITBS mathematics section was .119. The k coefficient computed on 

these same items was .216. The KR21 coefficient for these items is 

.385. Both the validity coefficient and the correlation coefficient 

between the two sets of scores are very low. The square root of the k 

coefficient is .465 the square root of the KR21 coefficient is .620 and 

therefore, for these items as for the multiplication items for the 

fifth grade, the validity coefficient is smaller than the square root 

of the reliability. Again the results suggest that one could view the 

validity coefficient as being bounded by the square root of the 

reliability.

The division items which the fifth grade students took consisted of 

5 problems in division by 1-dlgit numbers. The correlation between 

their scores on these items and the TTBS mathematics scores was .287. 

The k coefficient computed for these same items was .450, somewhat 

larger than the validity coefficient. The KR21 coefficient is .719.

The square root of the k coefficient is .670 and the square root of the 

KR21 is .847. For these items the validity coefficient is bounded by 

the square root of reliability. The validity coefficient is very low 

suggesting little relationship between the division items and the ITBS 

items.
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In the seventh grade, the students took a division mastery test 

DI 10-N which consisted of five items of division by 2-digit numbers. 

The correlation between these test scores and the ITBS math section 

scores was .438. The k coefficient computed on these same items was 

.214, somewhat lower than the validity coefficient. The KR21 

coefficient was .519. The square root of the k coefficient was .462 

and the square root of KR21 was .720. The validity coefficient for 

these items is much closer to the square root of the reliability 

coefficient yet it is still smaller.

VII. Relationship Between Norm-Referenced 
and Criterion-Referenced Coefficients

In order to investigate the relationship between norm-referenced 

and criterion-referenced coefficients, two analyses were performed.

The first analysis consisted of computing KR21 coefficients for 

different test lengths and comparing them to the criterion-referenced 

coefficients for the same test lengths. The second analysis consisted 

of computing test-retest (TRT) coefficients on the mastery tests as 

given by MCPS (5-item tests for all objectives except MU 05-H, which 

was 10-items) and a random sample of items to construct tests of 

different lengths and then comparing the coefficients to the criterion- 

referenced coefficients for the same items. The items investigated 

were the same for the KR21 and the TRT analyses to permit comparisons 

between these coefficients. These analyses were performed for the 

three cut-off scores of 60, 80, and 100 percent. Each type of norm- 

referenced coefficient and its relationship to the criterion-referenced 

coefficients will be discussed separately.
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A. Kuder-Rlchardson

Table 16 presents the mean values of the Kuder-Rlchardson 

coefficients, the TRT coefficients and the criterion-referenced 

coefficients for the cut-off scores of 60, 80, and 100 percent by test 

length. Grade level analyses are in the Appendix, Tables 69-71.

The lowest mean value for the KR coefficient is for the 5-item

test, and the highest mean value is for the 13-item test. However, the

mean values do not Increase steadily as the test is lengthened. Rather

the mean values of the KR coefficient fluctuate in the interval between

5 items and 13 items. At all cut-off scores the mean values of the KR

coefficient are higher than the mean values of the k or

coefficients, but they are generally lower than the mean values of

p . . (simple) and compound), cvs;
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TABLE 16

Mean values of KR. TRT, and criterion-referenced coefficients 
by test length at 3 cut-off scores

Cut-Ofl
Score

Test
Length

X K-R X TRT E(k) E(V E(pc(s)(8)'
.... ....
E(pc(s)(c

5 Items .566 .368 .395 .443 .825 .941
7 items .889 .365 .361 .418 .861 .967

60% 8 items .730 .509 .487 .351 .817 .938
9 items .620 .378 .292 .405 .832 .98210 items .909 .636 .606 .777 .910 .977
13 items .931 .795 .703 .809 .927 .995

Average .774 .509 .474 .544 .862 .967

5 items .566 .368 .399 .438 .693 .890
7 items .889 .365 .384 .498 .690 .882

80% 8 items .730 .509 .476 .553 .747 .884
9 items .620 .378 .358 .429 .724 .95610 items .909 .636 .506 .774 .865 .961
13 items .931 .795 .354 .796 .802 .954

Average .774 .509 .413 .581 .754 .921

5 items .566 .368 .236 .439 .684 .756
7 items .889 .365 .225 .439 .728 .766100% 8 items .730 .509 .228 .458 .795 .769
9 items .620 .378 .333 .354 .729 .74910 items .909 .636 .142 .696 .793 .878
13 items .931 .795 .264 .716 .806 .892

Average .774 .509 .238 .517 .388 .802
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Table 17 presents the PPM correlations between the K-R coefficients 

and the mean values of the criterion-referenced coefficients for the 

different test lengths. For each test length, the mean values of each 

of the criterion-referenced coefficients were correlated by means of a 

Pearson Product Moment correlations, with the KR21 coefficients for the 

same items.
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TABLE 17

PPM correlations between the KR21 and each criterion-referenced 
coefficient by test length and cut-off score

Cut-Off
Score

Test
Length

PPM between 
KR21 and k

PPM between 
KR21 and 1^

PPM between
KR21 and p . . (s c(s)

PPM between 1
KR21 and p . .( c(s)

5 items .566 .753** -.396 -.103

7 Items -.213 .969** -.698* -.550
60%

8 items -.524 .995*** -.930* -.812

9 items -.518 .977* -.660 -.984*

5 items .745** .637* .432 -.044

7 items .654* .902*** .824** -.076
80%

8 items .792 1.00*** .823 -.691

9 items .475 .934 -.134 -.684

5 items .135 .475 .420 .085

7 items -.758** .946*** .831** .916***
100%

8 items .030 .981** .980** .992***

9 items -.898 .865 .756 .821

* p< .05
** p< .01
*** p<.001
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The analysis of the relationship between Internal consistency as 

measured by the KR21 coefficients and the criterion-referenced 

coefficients demonstrates evidence of some association between and 

KR21 values and scattered, inconsistent associations between the KR21 

values and other criterion-referenced coefficients. With the exception 

of k ,̂ then, there is no general pattern of association between the 

KR21 coefficients and the criterion-referenced coefficients.

B. Test-Retest Coefficients

The mean values of the test-retest coefficients for the different

test lengths appear in Table 16. Grade level analyses are in the

Appendix, Tables 72-81. The mean values of the test-retest

coefficients appear to be similar to the mean values of the k and k^

coefficients, but they are generally quite a lot smaller than the

p . . coefficients.Kc(s)
Table 18 presents the PPM correlations between the test-retest 

coefficients and the criterion-referenced coefficients for the 

different test lengths by cut-off score. As was the case with the 

comparison of the KR21 coefficients and the criterion-referenced 

coefficients, a Pearson Product Moment coefficient was computed between 

the mean values of the criterion-referenced coefficients and the 

test-retest coefficients for each test length within each cut-off 

score.
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TABLE 18

PPM correlations between the TRT and each criterion-referenced 
coefficient by test length and cut-off score

Cut-Off
Score

Test
Length

PPM between 
TRT and k

PPM between 
TRT and

PPM between
TRT and p . «(s) els;

PPM between |
TRT and p , .(c c(s)

5 Items .739** .693* -.727* -.497

7 Items .630* .265 -.281 -.356
60%

8 Items -.390 -.095 -.222 -.237

9 Items .349 -.909 .790 +.994**

5 Items .761** .706* .859*** .501

7 Items .249 .082 .007 -.209
80Z

8 Items .043 -.102 -.742 .136

9 Items -.677 -.904 .319 .890

5 Items -.174 .606* .833** .131

7 Items .063 .144 .405 .120
100Z

8 Items .950* -.015 -.299 -.550

9 items .811 -.741 -.870 -.690

*p< .05
**p< .01
***p < .001
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The analysis of the relationship between the TRT and the criterion- 

referenced coefficients reveals no pattern between any of the 

criterion-referenced coefficients and the test-retest coefficients.

What relationships do exist are for the shorter test lengths.

VIII. Relationship Between k and the other 
Criterion-Referenced Coefficients

Another examination of the relationship between k and the other

criterion-referenced coefficients was performed by computing Pearson

Product Moment correlations between k and the other coefficients by

cut-off score and test length. These results are presented in

Table 19.

Overall, the highest degree of relationship is between k and k^

at the cut-off scores of 60 and 80 percent. Five of the eight possible

correlations at these two cut-off scores are significant and positive.

The 100 percent cut-off score has resulted in low values for k in

previous analyses and the lack of correlation between k and k^ at

this cut-off as well as the significant negative correlation at the

9-ltem test length reflects this. There is only one positive

significant relationship between k and Pc(8j(8) " 7-item tests with

an 80 percent cut-off score - and the only significant relationships

between k and Pc(8)(c) are negative. It thus appears as if k and

lt̂ are generally relatively close in their reliability determinations

while k and p , x(s) and p , s(c) are very different in their rc(s) c(8) 1
assessment. Previous analyses have shown that the values of k and k^ 

were not terribly different from each other for the shorter tests while 

the values of Pc(8)(c) *n previous analyses have consistently been
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much greater than the values of k. Therefore, the results of this 

correlational analysis are not surprising.

TABLE 19
A

PPM correlations between k and k, k^ and p . .(a), k and p . 
by test length and cut-off score across grade level0

Cut-off
Score

Test
Length

r between 
k and k

r between 
k and p , *(s)C(8)

r between 1
k and p . x (c) c(s)v

5 items .825** -.414 -.624*

7 items .777** -.377 -.522
60%

8 Items . 574 -.287 .026

9 items -.659 -.298 .358

5 Items .799** .537 -.393

7 Items .772** .778** -.101
80%

8 items .949* .462 -.769

9 items .321 -.918 -.917

5 items .199 .251 .454

7 items -.296 -.487 -.264
100%

8 items .079 -.365 -.155

9 items -.958* -.419 -.970*

*p< .05
**p< .01
***p< .001



-115-

Chapter 6 

SUMMARY AND DISCUSSION

One of the problems Inherent In the Increased use of criterion- 

referenced tests for making decisions about educational progress has 

been the problem of determining the reliability of the tests. The 

determination of reliability for criterion-referenced tests has been 

conceptualized in several different ways. One involves the reliability 

of mastery classification decisions. A second concerns the reli­

ability of criterion-referenced test scores and a third concerns the 

reliability of domain score estimates. While these three concepts of 

reliability are theoretically different from each other they all were 

developed as a result of the perception that norm-referenced 

reliability coefficients did not and could not provide appropriate 

Information about criterion-referenced tests.

Since much of the use of criterion-referenced tests has been for 

the purposes of deciding on promotion in schools either from grade to 

grade or into another level or type of subject matter, the reliability 

of mastery classification decisions has been the focus of several 

conceptualizations of reliability for criterion-referenced tests. In 

subscribing to this view, one is concerned with the reliability of the 

decision that a student is a master or a nonmaster of material such 

that if a student were tested a second time would the mastery deci­

sion remain the same. The difficulty of course is that the use of 

criterion-referenced tests in Instances of this type of decision-making 

often precludes the administration of the criterion-referenced test a 

second time.
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In focusing on the view of reliability for criterion-referenced 

tests as the reliability of mastery classification decisions, three 

models for determining reliability have been proposed in the past 

several years: coefficient kappa, k, (Cohen, 1960) suggested for use

with criterion-referenced tests by Swaminathan, Hambleton, and Algina, 

1974, an estimate of coefficient kappa, k^ (Huynh, 1976) and the 

coefficient of agreement, Pc(8) (Subkoviak, 1976). Coefficient k is 

based on two administrations of a criterion-referenced test while the 

estimate of kappa and the coefficient of agreement were developed for 

situations where only data from one test administration were available. 

When data are available from two test administrations one can get an 

empirical measure of reliability, kappa, but the availability of data 

from only one administration of a test is a common occurrence.

Therefore the purpose of this research was to examine these three 

models for reliability in a situation where data were available from 

two test administrations so that the two estimates could be compared to 

a standard. The research Involved the computation of the three 

coefficients for varying conditions which were manipulated. The 

variables which were examined for their effect on the reliability 

coefficients were: test length, cut-off score, ability level of the

students, sample size, and heterogeneity of test content. Addi­

tionally, the following Issues were also addressed: validity of the

criterion-referenced tests, the relationship of norm-referenced 

reliability coefficients to the criterion-referenced coefficients, and 

the relationship of the standard, kappa, to the estimate of k, k^, 

based on a single test administration. The findings from each analysis 

will be summarized and discussed separately.
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I. Test Length

H^: All three reliability estimates , k, and Pc(s)

will Increase as the test are lengthened.

The results of the test length analysis showed that the predicted 

results were only partially attained. There was an increase in the 

mean values of all the reliability coefficients up to a test length of 

8 items. Beyond that the results were unpredictable and there was no 

clear trend. Coefficient k was lowest for the longer test lengths and 

an increase in the other coefficients was difficult to detect due to 

the size of the standard errors. Thus, the results did not support the 

hypothesis about the effect of test length on the reliability 

coefficients.

The reason for the longer tests having the lower mean values for 

reliability may be that these tests were taken by the younger 

students. An examination of the data on these items indicates that for 

the 13-item test taken by the third graders, 23 percent of the 

students' scores changed from mastery to nonmastery or from nonmastery 

to mastery between the two test administrations. Those items with the 

most Inconsistent performance were the last three items on the test, 

suggesting that fatigue and/or boredom might have been responsible for 

the inconsistent performance.

lengths.

The results of the difference score analysis Indicated that k^ is 

only a good estimate of k for the shorter test lengths. Additionally 

was consistently higher than k, particularly at the longer test

k„ will provide a good estimate of k for all test



-118-

lengths. If fatigue and/or boredom were responsible for the 

Inconsistent performance on the longer tests resulting in a low value 

for m, the empirical measure k computed on two test administrations, 

this would not affect an estimate of k, k^ based on only one test 

administration.

Some of the results of this test length analysis are similar to the 

results of other research reported in the literature. The findings 

about the size of the coefficients and their standard errors 

substantiate Subkoviak's (1978) findings, with one exception.

Subkoviak (1978) reported that the Swaminathan et al. (1974) 

coefficient, k, produced relatively large errors of estimation for 

classroom size samples which occurred in this study. While the samples 

at each grade level are close to the size of two classrooms, this may 

not be a great enough Increase over the size of one classroom to reduce 

the errors of estimation.

With respect to k^ Subkoviak (1978) reported that Huynh’s (1976) 

method produced underestimates for all criterion levels for a 10-item 

test. This did not occur in this research as k^ was generally

consistently higher than the standard, k. Subkoviak (1978) did find

that this method resulted in low standard errors for classroom size

samples, which also occurred in this study.

Finally, Subkoviak (1978) found that estimates of Pc(8) tended to 

be overestimates of parameter values when the cut-off score was in the 

tails of the distribution, such as 80 percent, which is the cut-off 

score used for the test length analysis.
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In summary Chen the results of the test length analysis in this 

research revealed that the coefficients increased with test length only 

up to a test length of 8 items. Additionally, there was little 

agreement among the coefficients, as measured by rank order correlation 

coefficients.

The question can be raised about which coefficient to use with a 

fixed mastery level. If there are data from two administrations, one 

would be able to compute k and get an empirical measure of the 

reliability. The difficulty is that k has been shown to have a very 

large standard error over .07 at least for sample sizes of 

approximately two classrooms. For larger sample sizes such as that for 

Grades 6-8 combined which was 191, the size of the standard errors is 

smaller.

In the case of one test administration, the k^ coefficient 

appears to be a reasonable estimate of k. The size of the Pc(8) 

coefficient, particularly from the compound binomial model which was 

the recommended model, is so much greater than the standard k, as to 

suggest it might be an inflated estimate of reliability.

II. The Combined Effect of Cut-Off Score and Test Length

No formal hypothesis was proposed for this analysis because 

it was unclear how the change in cut-off score would affect 

the estimates.

The three reliability coefficients behaved differently as the 

cut-off score was raised. The three cut-off scores examined were 60, 

80, and 100 percent.
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Uith respect to k^, most of the maximum mean values occurred at 

the 80 percent cut-off score and there was a considerable decrease at 

the 100 percent cut-off score. The coefficients of agreement and k, 

however, were at their maximum mean value at the 60 percent cut-off 

score and the mean values declined steadily to the 100 percent cut-off 

score. Thus for k^, the results took the form of an inverted u and 

the results for k and for Pc(8) (simple and compound) were a 

decreasing straight line.

Interestingly all the coefficients tend to be lowest when the

cut-off score is set at 100 percent. There is a large difference in

size between the p , . coefficients and the k and k,, coefficients. c(s) H
Yet each coefficient is lowest at the 100 percent cut-off. This result 

would suggest that setting a cut-off score so high would result in very 

low reliability.

With regard to how these results compare to other results reported 

in the literature, the results for k^ would support those of Huynh 

(1976) who found that the value of k^ increases as the cut-off score 

increases, up to a point and then it begins to decline. When the 

cut-off score is too low or too high (such as 100 percent) p£ is near 

one and this may explain why k^ declines after reaching a maximum 

value.

However, the results for the p / » coefficients are different*c(s)
from those reported by Subkoviak (1978) who reported that the procedure 

for computing the coefficient of agreement seemed to produce slight 

underestimates when the cut-off score was in the center of the test 

score distribution such as 50 percent and slight overestimates when the
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cut-off score ws8 in the tails of the distribution such as 80 percent.

In this research the highest values of p . . occurred when thec(s)
cut-off score was toward the center of the distribution (e.g., 60 

percent) and the values decreased as the cut-off score was raised.

The only strongly positive relationships among the coefficients by 

test length occur at the 60 percent cut-off score. The correlation 

between k and is 1.0; the correlation between k and Pc(sj 

(simple) is .60 and the lowest, between k and p . . (compound) isC V 8 /
.26. There is virtually no agreement between the coefficients at 

either the 80 or 100 percent cut-off score, despite the fact that all 

the coefficients reach their lowest mean values at the 100 percent 

cut-off score.

The use of k^ as an estimate of k appears reasonable only for the

shorter test lengths using cut-off scores of 60 and 80 percent. Using

a cut-off score of 100 percent, however, k^ is a good estimate of k

only for the 9-item tests. However, even when k^ appears close in

value to k, it is always consistently higher than k which may indicate

that it overestimates k at all cut-off scores.

In summary, the analysis of the combined effect of cut-off score

and test length revealed that both k and p . . (simple and compound)CISJ
are highest for a cut-off score of 60 percent and lowest for a cut-off 

score of 100 percent, k^ is highest for a cut-off score of 80 

percent and lowest for a cut-off score of 100 percent. There is some 

agreement among the coefficients at the 60 percent cut-off score, but 

none at the 80 or 100 percent cut-off scores, k^ provides a good 

estimate of k only for the shorter test lengths at the 60 and 80 

percent cut-off scores.
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III. The Combined Effect of Ability Level and Cut-Off Score

H^: For homogeneous groups of high ability students or

homogeneous low ability students, the change in cut-off 

score will have little effect on any of the three 

coefficients.

The hypothesis about the combined effect of ability level and 

cut-off score was supported for k, k^ and the Pc(g) coefficients in 

that there was little consistent change in the size of the coefficients 

as the cut-off score was raised for either of the ability groups. 

Consistent with the analysis of test length and cut-off score the 

coefficients are at their lowest at the 100 percent cut-off score for 

both ability groups. Also consistent with previous analyses is the 

large standard errors for k.

With respect to differences in the sizes of the coefficients for 

the two ability groups, both k and k^ are slightly larger for the low 

ability group. An examination of the data reveals that the low ability 

group had more consistent decisions - consistent nonmastery than the 

high ability group which would result in higher values for k.

Neither of the Pc(8) coefficients shows any consistency in being 

higher for one ability group or the other. Rank order correlation 

coefficients computed between k and the Pc(g) coefficients in the two 

ability groups shows no relationship between the two coefficients for 

the low ability group while the correlations between p . . (simple)C \8 /
and k are positive at the 60 percent and 80 percent cut-off scores for 

the high ability group. The low ability group is more heterogeneous 

with respect to math achievement scores on the ITBS with scores which
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range from the 2nd percentile to the 49th percentile. The high ability 

group, however, has scores which cluster between the 75th and 98th 

percentiles. The difference in the homogeneity of the groups may be 

the difference in the relationships between the Pc(8) coefficients 

and k.

With respect to other research relative to the effect of ability

level on the estimate of the p . . coefficients, Subkoviak (1978)c(s)
stated that if a group is composed entirely or almost entirely of high 

ability students that fact alone would assure a large proportion of 

consistent mastery/mastery outcomes, and thus a high value for 

Pc(g). The same should hold true for a group of low ability stu­

dents - with a large proportion of consistent nonmastery/nonmastery 

outcomes Pc(8) should also be high. This may explain why there is a 

difference within one objective according to cut-off score between the 

occurrence of higher mean values for the low ability or the high 

ability group. In this research neither of the Pc(g) coefficients 

was consistently higher for the low or the high ability group. Rather 

for each cut-off score of 60, 80 or 100 percent the group with the 

highest proportion of consistent decisions has the highest mean values

for p / v. Thus, an examination of the data reveals that higher mean c(s)
values for p . . for the high ability group reflect a high proportion c \ s /
of students mastering both tests. Similarly higher mean Pc(8) values 

for the low ability group at the 100 percent cut-off is indicative of a 

high proportion of students not mastering either test.
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H^: k^ should provide a good estimate of k for

homogeneous ability groups.

Two analyses Investigated the relationship between k and k^. The 

rank order correlation coefficients computed between k and k^ differ 

by ability group. For the low ability group, there Is a positive 

correlation between k and k^ only at the 100 percent cut-off score.

At both the 60 percent and 80 percent cut-off scores there is no 

agreement between k and k^. An examination of the data reveals that 

the low ability group is quite heterogeneous in terms of math 

achievement on the ITBS, with percentile scores ranging from 02 to 49, 

while the percentile scores of the high ability group cluster in the 

75-98 percentile range.

The positive correlation between k and k^ at the 100 percent 

cut-off score is perhaps indicative of low reliability for this cut-off 

score, regardless of the homogeneity or heterogeneity of the groups.

In the analysis of the data on cut-off score all the reliability 

coefficients were lowest at the 100 percent cut-off and the positive 

relationship between k and k^ is possibly a reflection of that 

phenomenon.

There is a different relationship between k and k^ for the high 

ability group. At the 60 and 80 percent cut-off scores the correlation 

between k and is positive— .70 at the 60 percent cut-off score and 

-1.0 at the 80 percent cut-off score. However, at the 100 percent 

cut-off score for this group the correlation between k and k^ is 

-.9. It is not totally clear why the correlation between k and k^ 

would be so strongly negative for this group, at this cut-off score.
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The strong positive correlations between k and at the 60 and 80 

percent cut-off scores may be indicative of the high ability group 

being more homogeneous than the low ability group and thus resulting in 

k^ being a better estimate of k for this group. It is suspected that 

the 100 percent cut-off score results in such inconsistent performance 

that even for a high ability group where one would not expect k to be 

so low, is simply a poor estimate of k.

An analysis of the mean difference scores between k and k^ 

resulted in k^ appearing to be a better estimate of k for the high

ability group, at least at the 60 percent cut-off score. There is not

much difference between k^ as an estimate of k for either ability 

groups for the 80 percent cut-off score and k^ is a poor estimate of 

k for both ability groups at the 100 percent cut-off score, 

being a better estimate of k for the high ability group may be a result 

of the greater homogeneity of the high ability group.

Interestingly, Huynh (1976) reports that test score variability has 

a positive relationship to k^. This is supported by this research in

that the low ability group for whom the mean values of were

higher, has been found to be more heterogeneous in math achievement 

than the high ability group. The heterogeneity of ability then seems
A A

to increase the value of k^ yet it results in k^ being a poor 

estimate of k.
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TV. Sample Size

Ĥ : The size of the sample will affect only the standard

errors of all three reliability coefficients.

No hypothesis was proposed about the effect of the size of the 

sample on the reliability coefficients themselves.

With respect to k, the values of k show no predictable behavior 

from one sample size to another for the different objectives for which 

data were analyzed. Overall the mean values of k are slightly higher 

for the two classroom samples (n ■ 50). The size of the standard 

errors clearly reflects the differences in sample size as the standard 

errors were always larger for the smaller samples. This result 

substantiates Subkoviak's (1978) finding reported in the test length 

section that k produced rather large errors of estimation for classroom 

size samples. It should be noted, however, that even though the 

standard errors are smaller in the two classroom sample, they are still 

large (.072-.089) and quite a bit larger than the standard errors for 

ky and the Pc(8) coefficients.

The k^ coefficients are somewhat larger in the two classroom 

sample and, as predicted, the size of the standard errors is smaller in 

the two classroom sample. Thus, the hypothesis about k^ was 

supported. However, the standard errors for both one (n - 25) and two 

classroom (n * 50) samples across all grade levels, ranged from .022 to 

.110 for one classroom samples and from .022 to .093 for the two 

classroom samples.

This result is different from that which Subkoviak (1978) found. 

Subkoviak reported that Huynh's (1976) procedure resulted in estimates
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wit h relatively small standard errors for classroom size samples.

Since Subkoviak's (1978) finding was based on data from the SATs It Is 

possible that the Items from the ISM tests are more unreliable and thus 

the standard errors are larger In estimating the reliability.

Overall the analysis of effect of sample size on the Pc 8̂j 

(simple) and Pc ĝ) (compound) coefficients seems to Indicate that the 

reliability coefficients for the one classroom samples were higher than 

those for the two classroom samples, at least at the 60 and 80 percent 

cut-off scores. When the seventh grade one classroom samples were 

compared to the total group Grades 6-8 combined taking the objective, 

the reliability coefficients were higher for the one classroom sample 

probably due to performance consistency not found In the more hetero­

geneous group. The prediction about the effect of sample size on this 

estimate estimate was that the effect would be on the standard errors 

rather than on the estimates. The size of the standard errors of both 

the Pc(s) coefficients changes very little from one classroom to two 

classrooms. The standard errors are very small (.010 and below) for 

both groups.

While no effect from sample size was predicted on the coefficients, 

it should be noted that there were some changes in the rank order 

correlations between k and the other coefficients between the one and 

two classroom size samples. The changes, however, occurred only at the 

60 percent cut-off score. There were strong positive correlations 

between k and k^ for both the one and two classroom samples at the 60 

percent cut-off score, while there was no relationship between them at 

any other cut-off score in either sample size. In the two classroom
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sample there was a moderate correlation, .60, between k and p , . (s)c(s;
also at the 60 percent cut-off, but there was no agreement between k

and p , . (s) or for that matter between k and p , . (c) at any rc(s) c(s) 1
other cut-off score for either sample size.

For the shorter test lengths with a cut-off score of 60 percent 

k^ appears to be a fairly good estimate of k for the two classroom 

sample although the estimates are somewhat higher than k. At the 80 

percent and 100 percent cut-off scores the mean difference scores 

between the two coefficients are large for both sample sizes.

Additionally Is consistently higher than k for all test lengths at 

these two cut-off scores.

In summary, the hypotheses about the effect of sample size on the 

standard errors of the reliability coefficients were supported for k 

and k^. For the Pc(8) coefficients there was virtually no change in 

the standard errors for the different sample Rlzes. In general, k^ 

proved to be an overestimate of k for both sample sizes and was close in 

value to k only for short tests with a 60 percent cut-off score.

V. Item Heterogeneity

Ĥ s For heterogeneous test content both k^ and Pc(8) will 

be lower than for homogeneous test content.

The effect of item heterogeneity was expected to be apparent only for 

coefficients k^ and Pc(8) since the inclusion of different types of 

items would violate the assumptions of a binomial distribution. No effect 

on k was predicted for the heterogeneous test items.

While no effect on k was predicted for heterogeneous tests, the 

necessity for having tests or at least groups of items measuring only



-129-

one skill has been recommended In the literature on criterion- 

referenced testing for some time. Thus, one might consider that the 

determination of reliability for a heterogeneous test might lead to 

lower estimates of reliability. The results of the analysis of the 

effect of heterogeneous test items on k revealed that for the 

multiplication items for several groups the mean values for k were 

higher for the heterogeneous items than for the homogeneous items.

What is Interesting is that regardless of level of the students, k 

does not appear to be sensitive to the inclusion of items measuring 

different skills on one test, at least with respect to the multiplica­

tion items. Perhaps the items which are purportedly measuring dif­

ferent multiplication skills are in fact not measuring different 

skills, resulting in higher mean values for k for supposedly hetero­

geneous items.

The results of the analyses of k for the division items (see 

Appendix, Tables 52-62) are closer to what had been predicted for k.

For all the samples which took homogeneous and heterogeneous tests of 

division items, the mean values of k were lower for the heterogeneous 

items. The division items in the pool cover a wider range of objective 

levels than the multiplication items did and therefore it is more 

likely that more of the students had not mastered the skills measured 

by some of the items. Thus for the division items, construction of 

tests with items measuring different skills seems to have resulted in 

lower mean values for k.

The results of the analyses of k^ for heterogeneous items are 

very interesting and they do conform to the predictions about the



-130-

cffect of heterogeneity of test content on t . Since the estimate of

is based on the assumption that the distribution of the test score

is binomial, (one assumption of which is that the probability of a

correct response is constant for every item), It had been predicted

that construction of a test with items which vary in content would have

a substantial effect on k̂ . This is in fact the case since in every

analysis the mean values of were a great deal lower for the

heterogeneous items than for the homogeneous items. While Subkoviak

(1978) and Grosn antf Shulman (1978) have reported that the

beta-blnomlal model appears to be quite robust with respect to

violations of item homogeneity, this does not appear to be true in all

Instances in this research.

It had been predicted that the violation of test homogeneity would

have a substantial effect on the coefficient of agreement for the same

reason that it affected k̂ . The heterogeneous content of the tests

did seem to affect p , . (s) and p . *(c), but in the opposite wayc(s) c\.b)
than expected. Rather than decreasing the size of the coefficients in

most cases the violation of test homogeneity increased the size of the

coefficients. While the heterogeneity of test content seemed to

decrease the precision of estimation for p . .(s), it appeared tocvs*
Increase the precision of estimation for Pc(s)(c)*

Subkoviak (1978) reported biased estimates for short tests and all

these tests lengths are clearly short, but this does not explain why

the p , .(a) and p , x(c) coefficients would increase for tests *c(s) c(s)
composed of heterogeneous items.



-131-

The rank order correlation between p , .(s) and k for theC(8)
heterogeneous tests is -.58 and the correlation between k and

p , .(c) is -.89. Thus, there is no agreement between k and thec \ s )

P , . coefficients for heterogeneous items. There also was no c(s)
agreement between the Pc(8) coefficients and k for tests of 

homogeneous items, using this cut-off score.

H^: k^ will provide a poor estimate of k for

heterogeneous test content.

Since the inclusion of heterogeneous items does violate the 

assumptions of a binomial model, one would expect to be a poor 

estimate of k for these tests. However, the rank order correlation 

computed between k and k^ for the heterogeneous items was .944. This
A

can be contrasted with the .315 correlation between k and k^ when the 

tests were homogeneous.

The stronger correlational relationship between k and k^ which 

exists for the heterogeneous items is substantiated by the mean 

difference scores between k and k^ for these items. For the 

heterogeneous items, k^ is a much better estimate of k than it is for 

the homogeneous items and this is the only analysis for which k^ is 

not consistently higher than k. Thus, the hypothesis about k^ being 

a poor estimate of k for the heterogeneous Items was not supported. In 

fact kjj is a better estimate of k for these items than for any other 

analysis.

One aspect of the tests examined in this research which must be 

considered, particularly In light of the results of the analyses with 

heterogeneous Items, is the construction of the tests. It Is by no



-132-

means certain that the items from the different objectives constituted 

a particularly heterogeneous group. While item homogeneity has been 

touted as "one of the major benefits to result from operationally 

defining a content domain" (Berk, 1978), it is not clear whether much 

consideration was given to item homogeneity in constructing these 

tests. It is probable that no index of item homogeneity was utilized, 

but items were submitted to a judgmental process about their 

homogeneity. If the test items were less homogeneous by objective or 

less heterogeneous in the mixing of objectives, it is possible that the 

particular combinations of items selected in the random selection of 

items were responsible for the inconsistent results not only among the 

coefficients but also within the analyses for each individual 

coefficient. While a random sample of 100 combinations should be 

adequate to reduce bias due to selection of items, another explanation 

for these erratic results does not seem apparent.

VI. Validation

For both groups of students, both the reliability and the validity 

coefficients are very low (all below .50). This would suggest that the 

multiplication items taken by the students may not be particularly good 

measures of the skills they are intended to measure. Neither do the 

items reveal high performance consistency nor do they reveal a high 

degree of relationship to an outside criterion of performance. Thus, 

the validity was low. It does, however, seem to be the case for the 

criterion-referenced tests that validity is bounded by the square root 

of reliability as is the case for norm-referenced tests.
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Overall the criterion-referenced test items in the two 

multiplication and two division mastery tests given by MCPS and 

analyzed here do not appear to have much validity in terms of an 

outside criterion of proficiency. The only group of items which had an 

even moderate relationship to the ITBS was the mastery test Division 

10-N which the seventh graders took, and this relationship was not that 

strong (r ■ .438).

VII. Relationship Between Norm-Referenced
and Criterion-Referenced Coefficients

He: The KR21 coefficients will have little relationship toO
any of the three criterion-referenced reliability 

estimates.

The analysis of the relationship between norm-referenced and 

criterion-referenced coefficients consisted of examining the rela­

tionship between the criterion-referenced coefficients and the KR21 

coefficient as well as the relationship between the test-retest 

coefficients and test-retest coefficients. These relationships were 

examined by means of computing Pearson Product Moment correlation 

coefficients between the KR21 coefficients and the criterion- 

referenced coefficients and PPM correlations between the test-retest 

and criterion-referenced coefficients.

With regard to the KR21 coefficients, the only relationship which 

is consistent across cut-off scores is between the KR21 and the 

coefficients. The correlations are positive for each test length and 

cut-off score and are significant in 9 out of 12 cases.
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The relationship between the KR21 and Pc(s)(s) coefficients is

erratic, inverse for all test lengths at the 60 percent cut-off score,

mixed at the 80 percent cut-off score and positive for all test lengths

at the 100 percent cut-off score. The relationship between the KR21

and p , N(c) coefficients is also erratic, inverse for all test C ( 8 )
lengths at the 60 and 80 percent cut-off scores and highly positive at 

the 100 percent cut-off scores.

The relationship between the KR21 coefficients and k is also 

erratic, positive, and Inverse at the same cut-off score, depending on 

test length.

These results seem to Indicate that the KR21 coefficient and the 

criterion-referenced coefficients are assessing different types of 

reliability. The KR21 coefficients are a measure of the Internal 

consistency of the tests while the criterion-referenced coefficients 

assess the consistency of mastery over two testings. Thus, although 

the two types of coefficients may be highly related they cannot be used 

Interchangeably.

To some extent this analysis was limited by the small number of 

tests available for the analysis. However, the lack of a pattern of 

association between the KR21 and the criterion-referenced coefficients 

does seem to indicate that these norm-referenced and criterion- 

referenced indices are not assessing the same type of reliability.
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H^: The test-retest coefficients will show a moderate to

strong relationship to all three criterion-referenced 

reliability coefficients.

The analysis of the relationship between the TRT and the criterion- 

referenced coefficients reveals no pattern between any of the two types 

of coefficients. Those relationships which do exist are for the 

shorter test lengths. Since the criterion-referenced indices are 

concerned with assessing consistency of mastery from one test 

administration to another (k) or the estimate thereof (k̂ , 

pc(s)(s), Pc(8)(c))* there would be expected a higher degree of 

relationship between them and the test-retest coefficients. Perhaps 

the limited number of available tests, particularly the 8- and 9-ltem 

tests, resulted in correlations which were not very meaningful.

The mastery level may be a crucial difference in that a change of 

one point from pre-test to post-test might not affect the TRT coeffi­

cient much while if the one point change were the difference between 

mastery and nonmastery, it would affect the criterion-referenced 

coefficient. Thus the relationship between the TRT and the criterion- 

referenced coefficients would not be very strong.

In conclusion, each of the three reliability coefficients examined 

has been found to have somewhat different properties although similari­

ties do exist.

Coefficient k which can only be calculated when there are two test 

administrations generally has the lowest values and the largest 

standard errors. The size of k Increases with Increased test length, 

decreases when a cut-off score is set at an extreme point such as 100
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percent, and seems to be maximized by larger sample sizes which also 

results in smaller standard errors. The heterogeneity of test content 

had a mixed effect on k, but it is suspected that truly heterogeneous 

test items might cause k to have lower values particularly if the item 

difficulties were different.

The estimate of kappa, k^, generally had slightly larger mean 

values than the mean values of k and smaller standard errors. The mean 

values of k^ increased with test length, and the mean values were 

highest for a cut-off score of 80 percent. The change in sample size
A Adid not predictably affect k^ and the mean values of k^ were

highest for the low ability groups. The violation of test item

homogeneity appeared to reduce k̂ .

The coefficient of agreement Pc(8) from both the simple and the

compound binomial models was the highest reliability coefficient with

the smallest standard errors, across all analyses. Part of the reason

for the high values of p . . is the difference in scaling between
C V 8 /

p , . and the kappa coefficients. The mean values of p , > did c(s) c(s)
increase with test length and with respect to cut-off score, the

maximum mean values occurred at the 60 percent cut-off score. The size

of the Pc(8) coefficient varied for ability level by cut-off score

and test length, being higher for the high ability groups at the lower

cut-off scores and higher for the low ability groups at the 100 percent

cut-off score. The p . . coefficients' mean values were higher for‘ c(s )
one classroom samples than for the larger group, and the heterogeneity

of test content increased the size of the mean values of p , . .c(s)
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The use of as an estimate of k can be recommended only under 

certain conditions. The difference score analyses generally revealed 

that k^ overestimated k for all conditions except heterogeneous test 

content, k appears to be the best estimate of k for the following 

conditions: for short tests; for short tests with cut-off scores in

the middle of the test score distribution (such as 60 percent); for 

homogeneous ability groups; for larger sample sizes with a cut-off 

score in the middle of the test score distribution; and for 

heterogeneous test content.

While with two test administrations one could compute the standard 

k, the size of the standard errors of k are so large that it is 

questionable how much Information one is getting, k^ has been shown 

to consistently overestimate k somewhat, but the standard errors for 

are very small. Thus, in some Instances one might choose to 

administer a test only once and then calculate iĉ , knowing that it 

will usually be an overestimate, but that the standard errors are 

small. With the appropriate testing situation the use of k^ as an 

estimate could be recommended instead of scheduling a double test 

administration in order to calculate k.

Another possibility with respect to the apparent overestimate of k 

by k^ is that k may be an underestimate. There are certain 

performance factors which cannot be controlled and k, the standard may 

be too low due to these uncontrollable factors. If this were the case 

then k^ might be a more accurate estimate of reliability, can 

now be viewed in a somewhat different light. This possibility would 

suggest that might be regarded as an upper bound to reliability



-138-

and thus a low value for k^ should be regarded as a signal of 

questionable reliability for a test.

Thus the decision to use one of these coefficients must be made by 

considering the length and composition of the test, the cut-off score 

used for mastery, and the size of the sample. The intent of this 

research has been to provide information about the behavior of these 

three reliability coefficients based on actual criterion-referenced 

test data which were used to make decisions about students' progress in 

a mathematics program in a public school system. As such many of the 

findings should be generalizable to similar situations and practi­

tioners should thus be provided with realistic expectations eliminating 

the need to extrapolate from findings generated through simulations or 

from nonrepresentative test data.



TABLE 20

TEST-RETEST DATA COLLECTION PROCEDURES

___________   Tests Administered

School Grade
Number of 
Classes

Number of 
Examinees

Pay 1
Placement Mastery

Day 2
Placement Mastery

1 3 1 25 W-l MU 05-H W-l MU 05-H
2 3 . 1 25 W-l MU 05-H W-l MU 05-H
3 5 1 25 W-2 MU 07-K, DI 08-J W-2 MU 07-K, DI 08-J
4 5 1 25 W-2 MU 07-K, DI 08-J W-2 MU 07-K, DI 08-J
5 6 1 25 W-2 MU 08-L, DI 10-N W-2 MU 08-L, DI 10-N
6 6 1 25 W-2 MU 08-L, DI 10-N W-2 MU 0 00 1 r1 «e DI 10-N
7 6 2 25 W-2 MU 08-L, DI 10-N W-2 MU 08-L, DI 10-N
8 7 2 50 W-2 MU 08-L, DI 10-N W-2 MU 08-L, DI 10-N
9 7 2 50 W-2 MU at

i00o DI 10-N W-2 MU 08-L, DI 10-N
10 8 2 50 W-2 MU 08-L, DI 10-N W-2 MU at100o DI 10-N
11 8 2 50 W-2 MU 08-L, DI 10-N W-2 MU 0 00 1 r «• DI 10-N

OJ
I

Placement Tests
W-l: Whole Numbers Test, Level 1, for students in Grades 3-4. 
W-2: Whole Numbers Test, Level 2, for students in Grades 5-8.

Mastery Tests
MU 05-H: Multiplication 05-H, for 2nd semester, Grade 3.
MU 07-K: Multiplication 07-K, for 1st semester, Grade 5.
MU 08-L: Multiplication 08-L, for 2nd semester, Grade 5.
DI 08-J: Division 08-J, for 2nd semester, Grade 4.
DI 10-N: Division 10-N, for 2nd semester, Grade 6.

The grade levels for which these tests are 
considered appropriate, as Indicated in the 
opposite column, refer to grade level placement 
within the Montgomery County (Md.) Public 
School (MCPS) curriculum.

Levels A, B*Kindergarten 
Levels C, D~Grade 1 
Levels E, F-Grade 2 
Levels G, H~Grade 3 
Levels I, J*=Grade 4

Levels K, L«Grade 5 
Levels M, N-Grade 6 
Levels 0, P«Grade 7 
Levels Q, R«Grade 9
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TABLE 21

MU04-H

MU 05-H

MU06-I

MULTIPLICATION ITEMS FROM W-l PLACEMENT TEST 
AND FROM MU 05-H MASTERY TEST

These items were taken by the students in the 3rd grade sample. 
(The letters and numbers on the sides refer to the particular 

objective which the items are assessing.)

2 3 
x 2

68 
x 2

7 5 
x 6

20 1 
x 4

876
x 3

860  
x 8

312 
x 3

709 
x 4

49 7 
x 7

4 2 0  

x 2

290  
x 5

84 7 
x 9

MULTIPLICATION 05-H 
FORM C

709 
x 4

32 6 
x 3

68 
x 4

780 
x 2

54 
x 4

9 6 
x 2

839  
x 3

816  
x 5

7 4 
x 3
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TABLE 22

MULTIPLICATION ITEMS FROM W-2 PLACEMENT TEST

75 
x 6

These Items were taken by the students in Grades 5-8 in the sample. 
(The letters and numbers on the sides refer to the particular 

objective which the items are assessing.)

67 x 10 =

809 
x 3 9

860 
x 8

70 5 
x 8 0

80 
x 6 8

PAGE 3

0 0 7
x 7

800  
x 100

510 x 10 =

7 0 0 3 
x 7 8

PLACEMENT W2-5/8

8 0 7 
x 9

3 50 
x 9 0

2 8 6 7 
x 0 9

MU06-I

MU07-K

MU08-L

MU04-H
23 
x 2

20 1 
x 0

312 
x 3

020 
x 2

MU05-H

68 
x 2

876  
x 3

709  
x 0

290  
x 5
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TABLE 23

DIVISION ITEMS FROM W-2 PLACEMENT TEST

These items were taken by the students In Grades 5-8 In the sample. 
(The letters and numbers on the sides refer to the particular 

objective which the items are assessing.)

Write any remainders after R in the quotient, example: 61R3

3 T s l 2Y79 3') 38 DI05-H

3T 872 7Y9T? 2)  <119 DI08-J

DI 10-N m TTIoo 
12) 7 5 4 n

8 6 ) 4 3 7 0  

2 8)  8 5 39



TABLE 24

JOINT DISTRIBUTION OF SCORES ON TEST FORMS 1 and 2*

•--- 2 (jr)
Form I (x) 0 1 2 3 4 5 6 7 8 9 10

0 0002 0006 0011 0013 0012 0008 0004 0002 0000 0000 0000

1 0006 0024 0050 0069 0068 0050 0028 0012 0004 0001 0000

2 0011 0050 0116 0174 0188 0152 0093 0043 0014 0003 0000

3 0013 0069 0174 0286 0338 0299 0201 0101 0036 0008 0000

4 0012 0068 0188 0338 0436 0421 0308 0169 0066 0017 0000

5 0008 0050 0152 0299 0421 0444 0354 0211 0090 0025 0000

6 0004 0028 0093 0201 0308 0354 0308 0200 0093 0028 0000

7 0002 0012 0043 0101 0169 0211 0200 0142 0072 0024 0000

8 0000 0004 0012 0036 0066 0090 0093 0072 0040 0014 0000

9 0000 0001 0003 0008 0017 0025 0028 0024 0014 0006 0000

10 0000 0000 0000 0001 0002 0003 0004 0004 0003 0001 0000

*Each entry^in the body of Table 3 represents the proportion of examinees that would obtain score x on 

Form 1 and £ on Form 2. Decimal points are omitted.



TABLE 25

TEST LENGTH 
GRADE 3

OBJECTIVE: MULTIPLICATION 05-H

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(PJ
(simple)

s.e.(p ) 
(simple) E(PC)(compound)

s.e.(pc) 
(compound)

5 items .522 .088 .706 .068 .807 .055 .940 .024

1 7 items .439 .077 .735 .045 .786 .043 .942 .023

10 items .468 .059 .778 .022 .819 .021 .969 .013

13 items* .354 .796 .802 .954

i
TABLE 26 £

i
TEST LENGTH 
GRADE 5

OBJECTIVE: MULTIPLICATION 07-K

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(p ) 
(simple)

s.e.(p ) 
(simple)

E(pc)
(compound)

s.e.(p£) 
(compound)

5 items .411 .109 .636 .042 .785 .032 .908 .022

5 7 items .431 .109 .672 .024 .794 .017 .918 .017

10 items* .525 .724 .832 .947

*Maximum number of items for this objective.



TABLE 27

TEST LENGTH 
GRADE 5 

OBJECTIVE: DIVISION 08-J

Grade Test Length E(k) s.e.(k) E(k) *s.e.(k)
E(p ) 
(simple)

s.e.(p ) 
(simple)

E(pc)
(compound)

s.e.(pc) 
(compound)

5 items .499 .078 .569 .035 .745 .025 .856 .036

5 7 items .492 .085 .598 .015 .780 .012 .884 .011

8 items* .554 .644 .790 .882

*Maximum number of items for this objective.



TABLE 28

TEST LENGTH 
GRADES 6, 7, 8 AND 6-8 COMBINED 
OBJECTIVE: MULTIPLICATION 08-L

Grade Test Length E(k) s.e.(k) E(k) s.e. Oc)
E(p ) 
(simple)

s.e.(p ) 
(simple)

E<PC)
(compound)

s.e.(pc)
(compound)

5 items .357 .097 .326 .049 .627 .040 .899 .059

6 7 items .357 .103 .383 .029 .618 .016 .865 .042

9 items* .474 .435 .677 .927

5 items .280 .105 .205 .090 .716 .048 .971 .045

7 7 items .321 .077 .269 .065 .626 .026 .947 .045

9 items .225 .306 .742 .994

5 items .211 .136 .414 .110 .702 .072 .945 .034

8 7 items .317 .106 .480 .062 .679 .041 .924 .019

9 items .282 .529 .758 .954

5 items .317 .063 .339 .039 .669 .043 .927 .042
6-8

Combined 7 items .358 .049 .402 .022 .638 .019 .894 .027

9 items .362 .448 .718 .947

*Maximum number of items for this objective.



TABLE 29

TEST LENGTH 
GRADES 6, 7, 8 AND 6-8 COMBINED 

OBJECTIVE: DIVISION 10-N

Grade Test Length E(k) s.e.(k) E(k) s.e.(k) E(PC>(simple)
s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(p£) 
(compound)

5 items .418 .074 .469 .058 .674 .043 .885 .037

6 7 items .437 .058 .519 .028 .676 .021 .873 .021

8 items* .514 .554 .729 .938

5 items .272 .102 .311 .090 .677 .036 .882 .095

7 7 items .267 .059 .379 .041 .639 .026 .835 .035

8 items .338 .397 .742 .935

5 items .425 .099 .551 .027 .718 .019 .766 .036

8 7 items .429 .108 .583 .011 .754 .009 .786 .013

8 items .629 .625 .764 .832

5 items .409 .045 .494 .024 .689 .019 .789 .034
6-8

Combined 7 items .416 .029 .540 .011 .699 .009 .778 .014

8 items .522 .573 .747 .864

*Maximum number of items for this objective.



TABLE 30

CUT-OFF SCORE 
GRADE 3

OBJECTIVE: MULTIPLICATION 05-H

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PJ
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) | 
(compound)

5 items .723 .068 .703 .069 .882 .037 .935 .015

7 items . 754 .051 .743 .045 .915 .022 .961 .014
60Z

10 items 

13 items*

.742

.703

.045 .783

.809

.022 .924

.927

.012 .983

.995

.008

i

5 items .522 .088 .706 .068 .807 .055 .940 .024

7 items .439 .077 .735 .045 .786 .043 .942 .023
80Z

10 items 

13 items

.468

.354

.059 .778

.796

.022 .819

.802

.021 .969

.954

.013

5 items .309 .115 .664 .075 .744 .029 .853 .042

7 items .291 .108 .685 .052 .758 .018 .854 .038
100Z

10 items 

13 items

.259

.264

.073 .704

.716

.028 .783

.806

.009 .875

.892

.027

•

*Maximum number of items for this objective.



TABLE 31

CUT-OFF SCORE 
GRADE 5

OBJECTIVE: MULTIPLICATION 07-K

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(pc)
(compound)

s.e.(p ) 
(compound)

5 items .433 .071 .630 .043 .836 .028 .944 .021

60% 7 items .432 .049 .678 .024 .865 .016 .953 .011

10 items* .459 .728 .882 .958

5 items .411 .109 .636 .042 .785 .032 .908 .022

80% 7 items .431 .109 .672 .024 .794 .017 .918 .017

10 items .525 .724 .832 .947

5 items .259 .156 .589 .047 .731 .016 .849 .029

100% 7 items .217 .122 .613 .028 .760 .011 .867 .021

10 items .132 .635 .792 .905

*Maximum number of items for this objective.



TABLE 32

CUT-OFF SCORE
GRADE 5

OBJECTIVE: DIVISION 08-J

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc)
(compound)

5 items .626 .067 .585 .033 .763 .025 .884 .032

60% 7 items .644 .044 .637 .013 .802 .011 .932 .021

8 items* .593 .657 .810 .934

5 items .499 .078 .569 .035 .745 .025 .856 .036

80% 7 items .492 .085 .598 .015 .780 .012 .884 .011

8 items .554 .644 .790 .882

5 items .291 . 173 .489 .041 .813 .024 .805 .024

100% 7 items .096 .175 .506 .019 .859 .012 .826 .014

8 items -.089 .511 .877 .830

^Maximum number of items for this objective.



TABLE 33

CUT-OFF SCORE 
GRADE 6

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(p ) 
(simple)

s.e.(pc)
(simple)

E(PC)
(compound)

s.e.(pfi) 
(compound)

5 items .339 .097 .286 .051 .811 .039 .989 .019

60X 7 items .351 .117 .339 .031 .847 .020 .997 .006

9 items* .381 .419 .779 .974

5 items .357 .097 .326 .049 .627 .040 .899 .059
80% 7 items .357 .103 .383 .029 .618 .016 .865 .042

9 items .474 .435 .677 .927

5 items .251 .128 .289 .052 .642 .033 .655 .061

100* 7 items .286 .101 .315 .032 .725 .027 .695 .035

9 items .332 .331 .788 .740

*Maximum number of items for this objective.



TABLE 34

CUT-OFF SCORE 
GRADE 7

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k)

A
s.e.(k)

E(PJ
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

5 items .184 .211 .149 .082 .919 .031 .999 .003

60Z 7 items .125 .193 .174 .063 .947 .018 1.00 0.0

9 items* .345 .260 .883 1.00

5 items .280 .105 .205 .090 .716 .048 .971 .045

80Z 7 items .321 .077 .269 .065 .626 .026 .947 .045

9 items .225 .306 .742 .994

5 items .332 .094 .205 .086 .548 .028 .719 .119

100Z 7 items .403 .076 .239 .058 .604 .027 .691 .069

9 items .464 .266 .668 .722

*Maximum number of Items for this objective.



TABLE 35

CUT-OFF SCORE 
GRADE 8

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PJ
(simple)

s.e.(pc) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

5 items .112 .122 .374 .117 .852 .037 .988 .018

60% 7 items .109 .102 .434 .069 .881 .018 .993 .009

9 items* .119 .514 .845 .974

5 items .211 .136 .414 .110 .702 .072 .945 .034

80% 7 items .317 .106 .480 .062 .679 .041 .924 .019

9 items .258 .529 .758 .954

5 items .251 .076 .387 .112 .636 .029 .779 .069

100% 7 items .231 .081 .427 .067 .684 .018 .786 .031

9 items .175 .453 .726 .787

*Maximum number of items for this objective.



TABLE 36

CUT-OFF SCORE
GRADES 6, 7 and 8 COMBINED

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(pc)
(simple)

s.e.(p ) 
(simple) E(PC)(compound)

s.e.(pc)
(compound)

5 items .273 .083 .290 .041 .852 .033 .993 .012

60% 7 items .283 .085 .341 .024 .882 .017 .997 .004

9 items* .324 .426 .822 .980

5 items .317 .063 .339 .039 .669 .043 .927 .042

80% 7 items .358 .049 .402 .022 .638 .019 .894 .027

9 items .362 .448 .718 .947

5 items .297 .042 .315 .042 .611 .024 .691 .064

100% 7 items .333 .029 .347 .026 .679 .023 .717 .031

9 items .360 .367 .736 .749

♦Maximum number of items for this objective.



TABLE 37

CUT-OFF SCORE
GRADE 6

OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(pc)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc)
(compound)

5 items .479 .086 .449 .061 .792 .029 .959 .028

60% 7 items .505 .047 .509 .029 .837 .010 .965 .005

8 items* .544 .544 .817 .966

5 items .418 .074 .469 .058 .674 .043 .885 .037

80% 7 items .437 .058 .519 .028 .676 .021 .873 .021

8 items .515 .354 .729 .938

5 items .248 .074 .419 .063 .691 .020 .721 .020

100% 7 items .310 .061 .447 .032 .753 .013 .747 .014

8 items .384 .457 .779 .757

♦Maximum number of Items for this objective.

%



TABLE 38

CUT-OFF SCORE
GRADE 7

OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k)

A

s.e.(k)
E(p ) 
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc)
(compound)

5 items .285 .181 .260 .093 .868 .026 .976 .043

60% 7 items .400 .109 .309 .049 .892 .015 .996 .012

8 items* .393 .359 .853 .995

5 items .272 .102 .311 .090 .677 .036 .882 .095

80Z 7 items .266 .059 .379 .041 .639 .026 .835 .035

8 items .338 .397 .742 .935

5 items .153 .084 .293 .086 .596 .028 .645 .077

100% 7 items .138 .052 .329 .040 .664 .013 .663 .043

8 items .134 .342 .694 .674

♦Maximum number of items for this objective.



TABLE 39

CUT-OFF SCORE
GRADE 8

OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

5 items .452 .089 .556 .027 .759 .016 .833 .044

60Z 7 items .434 .044 .609 .010 .798 .007 .882 .025

8 items* .412 .632 .791 .875

5 items .425 .099 .551 .027 .718 .019 .766 .036

807 7 items .429 .108 .583 .011 .754 .009 .786 .013

8 items .629 .625 .764 .832

5 items .316 .176 .479 .029 .774 .013 .764 .018

1007 7 items .279 .160 .497 .013 .828 .007 .809 .012

8 items .253 .503 .847 .875

♦Maximum number of items for this objective.



TABLE 40

CUT-OFF SCORE
GRADES 6, 7 and 8 COMBINED
OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(p ) 
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc)
(compound)

5 items .457 .052 .477 .026 .793 .013 .900 .029

60Z 7 items .484 .036 .533 .011 .832 .004 .929 .009

8 items* .495 .566 .814 .921

5 items .409 .045 .494 .024 .689 .019 .789 .034

80Z 7 items .415 .029 .540 .011 .699 .009 .778 .014

8 items .522 .573 .747 .864

5 items .257 .059 .443 .026 .693 .012 .689 .012

100Z 7 items .264 .039 .469 .012 .753 .007 .737 .006

8 items .281 .477 .776 .756

♦Maximum number of items for this objective.



TABLE 41

LOW ABILITY 
GRADE 5

OBJECTIVE: MULTIPLICATION 07-K

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k) E(PC>

(simple)
s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc)
(compound)

5 items .395 .109 .661 .043 .815 .030 .902 .022

60Z 7 items .387 .089 .704 .024 .844 .018 .937 .021

10 items* .420 .748 .857 .952

5 items .376 .115 .654 .045 .783 .029 .885 .035

807 7 items .449 .108 .682 .027 .802 .018 .896 .023

10 items .527 .733 .836 .909

5 items .349 .165 .593 .053 .777 .018 .839 .029

100Z 7 items .336 .139 .611 .033 .810 .015 .857 .019

10 items .257 .627 .842 .882

♦Maximum number of items for this objective.



TABLE 42

HIGH ABILITY 
GRADE 5

OBJECTIVE: MULTIPLICATION 07-K

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC>
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc)
(compound)

5 items .389 .132 .516 .098 .849 .034 .986 .021

60Z 7 items .398 .067 .577 .055 .877 .020 .991 .012

10 items* .423 .646 .896 .972

5 items .399 .153 .542 .087 .760 .054 .946 .028

80% 7 items .371 .119 .598 .047 .757 .031 .943 .017

10 items .488 .658 .798 .963

5 items .147 .168 .509 .086 .678 .037 .876 .045

100% 7 items .067 .133 .547 .049 .712 .019 .881 .029

10 items -.026 .579 .756 .862

*Maximum number of items for this objective.



TABLE 43

LOW ABILITY
GRADE 5

OBJECTIVE: DIVISION 08-J

Cut-off
Score Test Length E(k) s.e.(k) E(k)

•\
s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

5 items .668 .126 .671 .051 .816 .036 .844 .027

60% 7 items .719 .059 .715 .020 .843 .022 .946 .009

8 items* .752 .728 .865 .970

5 items .697 .131 .645 .056 .824 .039 .891 .041

80% 7 items .688 .122 .665 .024 .849 .017 .906 .027

8 items .738 .709 .864 .878

5 items .436 .297 .558 .067 .873 .023 .878 .035

100% 7 items .189 .328 .571 .029 .900 .011 .926 .029

8 items -.040 .576 .910 .951

*Maxlmum number of items for this objective.

%



TABLE 44

HIGH ABILITY
GRADE 5

OBJECTIVE: DIVISION 08-J

Cut-off
Score Test LenRth E(k) s.e.(k) E(k) s.e.(k)

E(P.)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(p£) 
(compound)

5 items .526 .112 .482 .049 .730 .043 .933 .042

60% 7 items .525 .113 .539 .021 .777 .021 .945 .021

8 items* .401 .567 .775 .910

5 items .341 .128 .482 .053 .682 .027 .829 .055
80% 7 items .348 .096 .519 .026 .722 .009 .846 .029

8 items .419 .563 .734 .884

5 items .165 .206 .409 .063 .767 .034 .754 .031

100Z 7 items .004 .183 .428 .033 .827 .021 .789 .014

8 items -.139 .433 .850 .803

*Maximum number of items for this objective.



TABLE 45

LOW ABILITY
GRADES 6-8 COMBINED

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(p£) 
(compound)

5 items .249 .184 .428- .066 .814 .036 .989 .015

60Z 7 items .267 .177 .488 .037 .848 .017 .992 .009

9 items* .479 .556 .824 .967

5 items .314 .109 .456 .061 .692 .047 .927 .029

80Z 7 items .346 .065 .512 .033 .689 .026 .913 .014

9 items .404 .563 .753 .938

5 items .229 .153 .416 .063 .666 .029 .793 .048

100Z 7 items .189 .175 .449 .037 .721 .023 .797 .029

9 items .113 .469 .764 .808

♦Maximum number of items for this objective.



TABLE 46

HIGH ABILITY
GRADES 6-8 COMBINED

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k) E(PC>(simple)

s.e.(p ) 
(simple) E(PC>(compound)

s.e.(pc) 
(compound)

5 items .245 .097 .224 .062 .879 .030 .996 .008

60% 7 items .262 .097 .266 .040 .908 .016 .999 .002

9 items* .239 .354 .838 .990

5 items .295 .083 .279 .063 .674 .044 .935 .043

80% 7 items .324 .061 .345 .036 .619 .024 .888 .031

9 items .323 .386 .714 .953

5 items .276 .042 .264 .062 .583 .025 .646 .077

100% 7 items .318 .031 .298 .036 .653 .022 .667 .049

9 items .361 .318 .716 .696

*Maximum number of items for this objective.



TABLE 47

LOW ABILITY
GRADES 6-8 COMBINED

OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc) 
(compound)

5 items .426 .133 .442 .058 .689 .031 .864 .081

60% 7 items .449 .086 .502 .027 .727 .013 .914 .042

8 items* .394 .529 .722 .860

5 items .362 .086 .435 .058 .667 .032 .737 .042

80% 7 items .273 .101 .468 .028 .740 .011 .763 .019

8 items .518 .520 .720 .815

5 items .118 .179 .352 .062 .803 .023 .752 .038

1001 7 items -.012 .158 .365 .032 .868 .013 .815 .018

8 items -.086 .369 .889 .837

*Maximum number of items for this objective.



TABLE 48

HIGH ABILITY
GRADES 6-8 COMBINED

OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC>
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc) 
(compound)

5 items .255 .065 .358 .027 .835 .014 .942 .021

60Z 7 items .257 .082 .411 .011 .871 .005 .962 .005

8 items* .304 .453 .842 .955

5 items .289 .069 .398 .024 .671 .019 .793 .038

80Z 7 items .345 .033 .454 .009 .649 .009 .749 .015

8 items .413 .478 .734 .872

5 items .215 .063 .366 .025 .630 .012 .624 .013

100Z 7 items .243 .051 .395 .011 .697 .008 .674 .008

8 items .275 .404 .726 .697

♦Maximum number of items for this objective.



TABLE 49

ONE CLASS 
GRADE 3

OBJECTIVE: MULTIPLICATION 05-H

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc)
(compound)

5 items .659 .083 .736 .071 .851 .044 .885 .023

7 items .681 .068 .772 .044 .880 .028 .942 .019
60Z

10 items 

13 items*

.657

.606

.064 .807

.828

.022 .889

.889

.014 .968

.989

.013

5 items .458 .119 .722 .076 .817 .043 .927 .029

7 items .363 .103 .743 .051 .821 .027 .935 .024
80Z

10 items 

13 items

.404

.324

.073 .788

.799

.025 .832

.837

.016 .965

.937

.021

5 items .179 .167 .659 .092 .824 .024 .879 .041

7 items .098 .162 .674 .063 .848 .022 .892 .029
100Z

10 items 

13 items

-.008

-.114

.139 .688

.696

.035 .879

.905

.016 .900

.883

.019

♦Maximum number of items for this objective.



TABLE 50

ONE CLASS 
GRADE 5

OBJECTIVE: MULTIPLICATION 07-K

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(p ) 
(simple)

s.e.(pc) 
(simple)

E(PC)
(compound)

s.e.(pc) j 
( compound)!

5 items .498 .144 .588 .083 .886 .027 .974 .019 j

60% 7 items .531 .113 .638 .049 .906 .016 .980 .009

10 items* .500 .696 .911 .990 1

5 items .393 .180 .612 .075 .815 .051 .947 .028

80% 7 items .432 .184 .659 .042 .805 .037 .939 .018

10 items .395 .709 .853 .959

5 items .389 .177 .588 .075 .702 .045 .878 .052

100% 7 items .387 .129 .619 .044 .715 .024 .891 .041

10 items .333 .647 .733 .934

*Maximum number of items for this objective.



TABLE 51

ONE CLASS 
GRADE 5 

OBJECTIVE: DIVISION 08-J

Cut-off
Score Test Length E00 s.e.(k) E(k) s.e.(k)

E(PJ
(simple)

s.e.(p ) 
(simple) E(PC)

(compound)
s.e.(pc)
(compound)

5 items .495 .129 .518 .080 .796 .043 .953 .025

60* 7 items .493 .086 .575 .037 .838 .018 .964 .009

8 items* .559 .605 .824 .991

5 items .473 .137 .529 .079 .698 .055 .903 .039

80* 7 items .517 .137 .574 .037 .698 .025 .905 .022

8 items .600 .609 .755 .914

5 items .252 .186 .476 .086 .713 .026 .763 .051

100* 7 items .024 .192 .503 .043 .762 .019 .762 .026

8 items -.185 .512 .783 .758

*Maximum number of items for this objective.



TABLE 52

ONE CLASS 
GRADE 7

OBJECTIVE: MULTIPLICATION 08-L

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc)
(compound)

5 Items .107 .256 .135 .095 .945 .021 .999 .007

60Z 7 Items .078 .202 .143 .074 .968 .012 1.00 0.0

9 items* .353 .218 .926 1.00

5 items .287 .184 .192 .109 .767 .048 .976 .052

80% 7 items .283 .084 .244 .089 .668 .038 .962 .033

9 items .358 .271 .800 .995

5 items .261 .117 .204 .110 .542 .030 .728 .126

100Z 7 items .309 .108 .229 .086 .567 .021 .679 .088

9 items .355 .259 .616 .661

♦Maximum number of Items for this objective.



TABLE 53

ONE CLASS 
GRADE 7 

OBJECTIVE: DIVISION 10-N

Cut-off
Score Test Length E(k) s.e.(k) E(k) s.e.(k)

E(pc)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

5 items .105 .251 .249 .108 .914 .029 .996 .011

60X 7 items .000 .291 .059 .932 .016 1.00 0.0

8 items* .000 .344 .901 1.00

5 items .174 .186 .309 .105 .748 .037 .962 .044

807 7 items .206 .075 .384 .049 .688 .026 .923 .023

8 items .338 .392 .803 .988

5 items .089 .105 .311 .098 .574 .037 .786 .062

1007 7 items .085 .063 .354 .047 .616 .017 .779 .017

8 items .087 .371 .638 .780

*Maximum number of items for this objective.



TABLE 54

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS
MULTIPLICATION ITEMS N - 52

MASTERY LEVEL m 8011 (Number of Items in pool “ 22)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc) 
(compound)

5 items .557 .119 .377 .199 .722 .094 .968 .041

O 7 items .539 .116 .442 .179 .677 .085 .955 .036

10 items .559 .098 .573 .095 .753 .049 .952 .018

13 items .520 .081 .622 .052 .762 .024 .967 .014

i
TABLE 55 d

N>I
HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS 

MULTIPLICATION ITEMS N - 54 
MASTERY LEVEL ” 802! (Number of Items in pool * 26)

Grade Test Length E(k) s.e.(k) E(k)
-V

s.e.(k)
E(P.)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(p£) 
(compound)

5 items .539 .104 .471 .099 .712 .054 .905 .044

5 7 items .541 .116 .488 .068 .768 .048 .896 .032

10 items .581 .105 .559 .037 .778 .024 .922 .021



TABLE 56

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS
DIVISION ITEMS N - 54

MASTERY LEVEL ” 80% (Number of Items in pool * 17)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(pc)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc)
(compound)

5 items .346 .229 .239 .151 .729 .138 .985 .036

5 7 items .365 .176 .241 .123 .690 .121 .983 .032

8 items .465 .166 .244 .153 .757 .134 .990 .018

TABLE 57
i

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS Cl
MULTIPLICATION ITEMS N - 80 ?

MASTERY LEVEL * 80% (Number of Items in pool ■ 17)

Grade Test Length E(k) s.e.(k) E(k)
A

s.e.(k)
E(PJ
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(p£) 
(compound)

5 items .334 .145 .287 .118 .753 .082 .974 .036

6 7 items .349 .081 .361 .087 .676 .060 .959 .032

9 items .417 .099 .407 .068 .772 .049 .979 .014



TABLE 58

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS
MULTIPLICATION ITEMS N - 57

MASTERY LEVEL “ 80Z (Number of Items in pool m 17)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(PC>
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(p ) 
(compound)

5 items .198 .207 .188 .098 .836 .078 .996 .019

7 7 items .224 .157 .197 .104 .763 .074 .994 .014

9 items .255 .212 .233 .097 .862 .056 .998 .008

TABLE 59
i

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS d
MULTIPLICATION ITEMS N - 54 f

MASTERY LEVEL * 80X (Number of Items in pool • 17)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(p£) 
(compound)

5 items .405 .139 .416 .125 .713 .050 .953 .051

8 7 items .453 .115 .488 .072 .695 .043 .938 .028

9 items .545 .091 .549 .038 .762 .032 .951 .019



TABLE 60

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS
MULTIPLICATION ITEMS N - 191

MASTERY LEVEL - 801 (Number of Items in pool - 17)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

6, 7, &
S items .364 .102 .333 .111 .756 .071 .969 .042

8
Combined

7 items .403 .057 .418 .068 .702 .048 .958 .027

9 items .473 .056 .471 .045 .785 .038 .973 .013

TABLE 61

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS 
DIVISION ITEMS N - 80

MASTERY LEVEL ■ 80% (Number of Items in pool * 22)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k) E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(pc) 
(compound)

5 items .109 .159 .196 .126 .844 .128 .996 .010

6 7 items .189 .176 .212 .120 .765 .132 .992 .016

8 items .253 .141 .193 .110 .843 .150 .999 .003



TABLE 62

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS
DIVISION ITEMS N - 57

MASTERY LEVEL ■ 80% (Number of Items in pool * 22)

Grade Test Length E(k) s.e.(k) E(k) As.e.(k)
E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc) 
(compound)

5 items .178 .182 .122 .094 .900 .102 .999 .002

7 7 items .193 .198 .109 .088 .851 .115 .999 .006

8 items .225 .370 .078 .064 .913 .126 1.00 0.0

TABLE 63
i

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS 
DIVISION ITEMS N - 54

MASTERY LEVEL • 80% (Number of Items in pool ■ 22)

Grade Test Length E(k) s.e.(k) E(k) As.e.(k)
E(P.)
(simple)

s.e.(p ) 
(simple)

E(PC>
(compound)

s.e.(pc) 
(compound)

5 items .077 .159 .129 .103 .856 .107 .996 .012

8 7 items .119 .163 .140 .112 .788 • 111 .994 .014

8 items .043 .108 .125 .101 .876 .124 .999 .005



TABLE 64

HETEROGENEOUS ITEMS RANDOM SELECTION OF 100 COMBINATIONS
DIVISION ITEMS N - 191

MASTERY LEVEL ■* 80Z (Number of Items in pool * 22)

Grade Test Length E(k) s.e.(k) E(k) s.e.(k)
E(PC)
(simple)

s.e.(p ) 
(simple)

E(PC)
(compound)

s.e.(p£) 
(compound)

5 items .139 .152 .106 .092 .868 .109 .997 .012
6, 7, &

8 7 items .175 .140 .157 .099 .804 .119 .996 .008
Combined

8 items .166 .184 .147 .091 .879 .127 .999 .003



-178-

TABLE 65

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
5-ITEM TESTS WITH A CUT-OFF SCORE OF 60 PERCENT

Grade Objective K-R k Ak P0(s) Po(c

3 MU05-H .826 .722 .614 .842 .933

5 MU07-K .731 .357 .572 .832 .944

5 DI08-J .719 .556 .580 .759 .899

6 MU08-L .635 .221 .360 .817 .969

6 DI10-N .674 .379 .458 .770 .965

7 MU08-L .385 .383 .207 .921 1.00

7 DI10-N .519 .296 .197 .876 1.00

8 MU08-L .265 .175 .499 .876 .980

8 DI10-N .426 .524 .548 .747 .792

6-8 Combined MU08-L .486 .254 .374 .861 .987

6-8 Combined DI10-N .558 .458 .469 .779 .881
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TABLE 66

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
5-ITEM TESTS WITH A CUT-OFF SCORE OF 80 PERCENT

Grade Objective K-R k Ak Pq (b) Po(C

3 MU05-H .826 .505 .755 .859 .923

5 MU07-K .731 .450 .578 .742 .882

5 DI08-J .719 .523 .546 .761 .818

6 MU08-L .635 .387 .353 .613 .933

6 DI10-N .674 .492 .499 .716 .875

7 MU08-L .385 .160 .236 .676 .989

7 DI10-N .519 .384 .336 .659 .811

8 MU08-L .265 .055 .159 .564 1.00

8 DI10-N .426 .555 .566 .715 .797

6-8 Combined MU08-L .486 .444 .285 .611 .967

6-8 Combined DI10-N .558 .441 .509 .705 .795



-180-

TABLE 67

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
5-ITEM TESTS WITH A CUT-OFF SCORE OF 100 PERCENT

Grade Objective K-R k k P0(s) •V o n

3 MU05-H .826 .386 .718 .775 .884

5 MU07-K .731 .412 .545 .699 .823

5 DI08-J .719 .069 .484 .811 .786

6 MU08-L .635 .352 .360 .642 .638

6 DI10-N .674 .103 .412 .711 .735

7 MU08-L .385 .232 .277 .555 .827

7 DI10-N .519 .170 .236 .578 .581

8 MU08-L .265 .332 .511 .651 .815

8 DI10-N .426 .047 .464 .786 .774

6-8 Combined MU08-L .486 .332 .397 .617 .772

6-8 Combined DI10-N .558 .154 .428 .704 .686
»
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TABLE 68

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
7-ITEM TESTS WITH A CUT-OFF SCORE OF 60 PERCENT

Grade Objective K-R k k Po(s) Po(c

3 MU05-H .800 .807 .679 .902 .967

5 MU07-K .887 .482 .676 .835 .949

5 DI08-J .815 .626 .642 .801 .950

6 MU08-L .634 .510 .368 .844 .997

6 DI10-N .695 .481 .485 .830 .970

7 MU08-L .342 -.024 .142 .959 1.00

7 DI10-N .508 .397 .300 .900 1.00

8 MU08-L .750 .133 .477 .891 1.00

8 DI10-N .772 .435 .604 .790 .872

6-8 Combined MU08-L .592 .386 .366 .885 1.00

6-8 Combined DI10-N .703 .487 .521 .829 .934
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TABLE 69

KUDF.R-RTCHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR 
7-ITEM TESTS WITH A CUT-OFF SCORE OF 80 PERCENT

Grade Objective K-R k Ak P0(8> Po(C

3 MU05-H .800 .362 .674 .719 .970

5 MU07-K .887 .325 .661 .791 .873

5 DI08-J .815 .598 .608 .783 .890

6 MU08-L .634 .322 .408 .629 .858

6 DI10-N .695 .536 .498 .667 .879

7 MU08-L .342 .281 .245 .624 .955

7 DI10-N .508 .234 .375 .638 .848

8 MU08-L .750 .289 .519 .700 .949

8 ' DI10-N .772 .503 .531 .697 .786

6-8 Combined MU08-L .592 .358 .425 .650 .909

6-8 Combined DI10-N .703 .416 .531 .697 .786
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TABLE 70

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
7-ITEM TESTS WITH A CUT-OFF SCORE OF 100 PERCENT

Grade Objective K-R k k

/"“N00woCL Po(c

3 MU05-H .800 .235 .616 .737 .867

5 MU07-K .887 .199 .593 .787 .849

5 DI08-J .815 .039 .518 .847 .833

6 MU08-L .634 .241 .339 .725 .711

6 DI10-N .695 .262 .424 .752 .743

7 MU08-L .342 .459 .219 .588 .633

7 DI10-N .508 .218 .327 .656 .660

8 MU08-L .750 .113 .471 .670 .849

8 DI10-N .772 .154 .493 .824 .805

6-8 Combined MU08-L .592 .298 .372 .672 .742

6-8 Combined DI10-N .703 .262 .459 .750 .733



-184-

TABLE 71

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
8-, 9-, 10- AND 13-ITEM TESTS WITH A CUT-OFF SCORE OF 60 PERCENT

8-ITEM TESTS

Grade Objective K-R k *■%k P0(8) Po(c

5 DI08-J .836 .593 .657 .810 .934

6 DI10-N .712 .544 .544 .817 .966

7 DIIO-N .551 .393 .359 .853 .995

8 DI10-N .820 .412 .631 .791 .875

6-8 Combined DIIO-N .731 .495 .566 .814 .921

9-ITEM TESTS

6 MU08-L .671 .381 .419 .779 .974

7 MU08-L .461 .345 .260 .883 1.00

8 MU08-L .718 .119 .514 .845 .974

6-8 Combined MU08-L .631 .324 .425 .822 .980

10-ITEM TESTS

3 MU05-H .960 .753 .825 .938 .995

7 MU07-K .858 .459 .728 .882 .958

13-ITl TESTS

3 MU05-H .931 .703 .809 .927 .995
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TABLE 72

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
8-, 9-, 10- AND 13-ITEM TESTS WITH A CUT-OFF SCORE OF 80 PERCENT

8-ITEM TESTS

Grade Objective K-R k Ak P0(8) Po(c

5 DI08-J .836 .533 .644 .790 .882

6 DIIO-N .712 .514 .554 .729 .938

7 DIIO-N .551 .338 .375 .638 .848

8 DIIO-N .820 .629 .625 .764 .832

6-8 Combined DIIO-N .731 .368 .566 .814 .921

9-ITEM TESTS

6 MU08-L .671 .474 .435 .677 .927

7 MU08-L .461 .239 .306 .742 .994

8 MU08-L .718 .282 .529 .758 .954

6-8 Combined MU08-L .631 .435 .448 .718 .947

10-ITEM TESTS

3 MU05-H .960 .486 .819 .847 .964

7 MU07-K .858 .525 .728 .882 .958

13-ITEM TESTS

3 MU05-H .931 .354 .796 .802 .954
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TABLE 73

KUDER-RICHARDSON AND CRITERION-REFERENCED COEFFICIENTS FOR
8-, 9-, 10- AND 13-ITEM TESTS WITH A CUT-OFF SCORE OF 100 PERCENT

8-ITEM TESTS

Grade Objective K-R k k PQ(«) Po(c

5 DI08-J .836 -.089 .511 .877 .830

6 DIIO-N .712 .384 .456 .779 .757

7 DIIO-N .551 .134 .342 .694 .674

8 DIIO-N .820 .253 .502 .847 .826

6-8 Combined DIIO-N .731 .281 .477 .776 .756

9-ITEM TESTS

6 MU08-L .671 .332 .331 .788 .740

7 MU08-L .461 .464 .266 .668 .722

8 MU08-L .718 .175 .453 .726 .787

6-8 Combined MU08-L .631 .360 .367 .736 .749

10-ITEM TESTS

3 MU05-H .960 .152 .756 .793 .850

7 MU07-K .858 .132 .635 .792 .905

13-ITEM TESTS

3 MU05-H .931 .264 .716 .806 .892
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TABLE 74

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR 
5-ITEM TESTS WITH A CUT-OFF SCORE OF 60 PERCENT

Grade Objective TRT k Ak P0(s) PQ(c)

3 MU05-H .745 .722 .614 .842 .933

5 MU07-K .467 .357 .572 .832 .944

5 DI08-J .677 .556 .580 .759 .899

6 MU08-L .433 .221 .360 .817 .969

6 DIIO-N .578 .379 .458 .770 .965

7 MU08-L -.076 .383 .207 .921 1.00

7 DIIO-N .248 .296 .197 .876 1.00

8 MU08-L .097 .175 .499 .876 .980

8 DIIO-N .448 .524 .548 .747 .792

6-8 Combined MU08-L .271 .254 .374 .861 .987

6-8 Combined DIIO-N .512 .458 .469 .779 .881
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TABLE 75

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
5-ITEM TESTS WITH A CUT-OFF SCORE OF 80 PERCENT

Grade Objective TRT k k P0(s) PD(c)

3 MU05-H .745 .505 .755 .859 .923

5 MU07-K .467 .397 .587 .764 .883

5 DI08-J .677 .450 .565 .731 .871

6 MU08-L .433 .601 .397 .660 .850

6 DIIO-N .578 .492 .471 .661 .893

7 MU08-L -.076 .216 .274 .733 .994

7 DIIO-N .248 .214 .253 .650 .934

8 MU08-L .097 .235 .534 .778 .942

8 ‘ DIIO-N .448 .435 .541 .717 .742

6-8 Combined MU08-L .271 .444 .419 .713 .915

6-8 Combined DIIO-N .512 .441 .484 .675 .754
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TABLE 76

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
5-ITEM TESTS WITH A CUT-OFF SCORE OF 100 PERCENT

Grade Objective TRT k k P0(s) PQ(c)

3 MU05-H . 745 .386 .718 .775 .884

5 MU07-K .467 .412 .545 .699 .823

5 DI08-J .677 .069 .484 .811 .786

6 MU08-L .433 .352 .360 .642 .638

6 DIIO-N .578 .103 .412 .711 .735

7 MU08-L -.076 .232 .277 .555 .827

7 DIIO-N .248 .170 .236 .578 .581

8 MU08-L .097 .332 .511 .651 .815

8 DIIO-N .448 .047 .464 .786 .774

6-8 Combined MU08-L .271 .332 .397 .617 .772

6-8 Combined DIIO-N .512 .154 .428 .704 .686
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TABLE 77

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
7-ITEM TESTS WITH A CUT-OFF SCORE OF 60 PERCENT

Grade Objective TRT k k PQ(s) P0(C)

3 MU05-H .764 .807 .679 .902 .967

5 MU07-K .258 .482 .676 .835 .949

5 DI08-J .706 .626 .642 .801 .950

6 MU08-L .645 .510 .368 .844 .997

6 DIIO-N .464 .481 .485 .830 .970

7 MU08-L .489 -.024 .142 .959 1.00

7 DIIO-N .234 .397 .300 .900 1.00

8 MU08-L -.039 .133 .477 .891 1.00

8 DIIO-N .591 .435 .604 .790 .872

6-8 Combined MU08-L .453 .386 .366 .885 1.00

6-8 Combined DIIO-N .555 .487 .521 .829 .934
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TABLE 78

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
7-ITEM TESTS WITH A CUT-OFF SCORE OF 80 PERCENT

Grade Objective TRT k ak P0(8) PD(c)

3 MU05-H .764 .362 .674 .719 .970

5 MU07-K .258 .325 .661 .791 .873

5 DI08-J .706 .598 .608 .783 .890

6 MU08-L .645 .322 .408 .629 .858

6 DIIO-N .464 .536 .498 .667 .879

7 MU08-L .489 .281 .245 .624 .955

7 DIIO-N .234 .234 .375 .638 .848

8 MU08-L -.039 .289 .519 .700 .949

8 DIIO-N .591 .503 .579 .761 .801

6-8 Combined MU08-L .453 .358 .425 .650 .909

6-8 Combined DIIO-N .555 .416 .531 .697 .786
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TABLE 79

TEST-RFTEST AND CRITERION-REFERENCED COEFFICIENTS FOR
7-ITEM TESTS WITH A CUT-OFF SCORE OF 100 PERCENT

Grade Objective TRT k k P0(s) P0 (c)

3 MU05-H . 764 .235 .616 .737 .867

5 MU07-K .258 .199 .593 .787 .849

5 DI08-J .706 .039 .518 .847 .833

6 MU08-L .645 .241 .339 .725 .711

6 DIIO-N .464 .262 .424 .752 .743

7 MU08-L .489 .459 .219 .588 .633

7 DIIO-N .234 .218 .327 .656 .660

8 MU08-L -.039 .113 .471 .670 .849

8 DIIO-N .591 .154 .493 .824 .805

6-8 Combined MU08-L .453 .298 .372 .672 .742

6-8 Combined DIIO-N .555 .262 .459 .750 .733
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TABLE 80

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
8-, 9-, 10- AND 13-ITEM TESTS WITH A CUT-OFF SCORE OF 60 PERCENT

8-ITEM TESTS

Grade Objective TRT k P0(s) PD(c)

5 DI08-J .201 .593 .657 .810 .934

6 DIIO-N .652 .544 .544 .817 .966

7 DIIO-N .437 .393 .359 .853 .995

8 DIIO-N .627 .412 .631 .791 .875

6-8 Combined DIIO-N .629 .495 .566 .814 .921

9-ITEM TESTS

6 MU08-L .304 .381 .419 .779 .974

7 MU08-L .519 .345 .260 .883 1.00

8 MU08-L .312 .119 .514 .845 .974

6-8 Combined MU08-L .377 .324 .425 .822 .980

10-ITEM TESTS

3 MU05-H .851 .753 .825 .938 .995

7 MU07-K .421 .459 .728 .882 .958

13-ITEM TESTS

3 MU05-H .795 .703 .809 .927 .995
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TABLE 81

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
8-, 9-, 10- AND 13-ITEM TESTS WITH A CUT-OFF SCORE OF 80 PERCENT

8-ITEM TESTS

Grade Objective TRT k -•sk P0(s) PD(C)

5 DI08-J .201 .533 .644 .790 .882

6 DIIO-N .652 .514 .554 .729 .938

7 DIIO-N .437 .338 .375 .638 .848

8 DIIO-N .627 .629 .625 .764 .832

6-8 Combined DIIO-N .629 .368 .566 .814 .921

9-ITEM TESTS

6 MU08-L .304 .474 .435 .677 .927

7 MU08-L .519 .239 .306 .742 .994

8 MU08-L .312 .282 .529 .758 .954

6-8 Combined MU08-L .377 .435 .448 .718 .947

10-ITEM TESTS

3 MU05-H .851 .552 .819 .847 .964

7 MU07-K .421 .525 .728 .882 .958

13-ITEM TESTS

3 MU05-H .795 .354 .796 .802 .954
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TABLE 82

TEST-RETEST AND CRITERION-REFERENCED COEFFICIENTS FOR
8-, 9-, 10- AND 13-ITEM TESTS WITH A CUT-OFF SCORE OF 100 PERCENT

8-ITEM TESTS

Grade Objective TRT k k P0(8) Pe(c)

5 DI08-J .201 -.089 .511 .877 .830

6 DIIO-N .652 .384 .456 .779 .757

7 DIIO-N .437 .134 .342 .694 .674

8 DIIO-N .627 .253 .502 .847 .826

6-8 Combined DIIO-N .629 .281 .477 .776 .756

9-ITEM TESTS

6 MU08-L .304 .332 .331 .788 .740

7 MU08-L .519 .464 .266 .668 .722

8 MU08-L .312 .175 .453 .726 .787

6-8 Combined MU08-L .377 .360 .367 .736 .749

10-ITEM TESTS

3 MU05-H .851 .152 .756 .793 .850

7 MU07-K .421 .132 .635 .792 .905

13-ITEM TESTS

3 MU05-H
»

.795 .264 .716 .806 .892
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