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The Problem

Reliability of measurement is of primary importance in any

s cientific endeavor, and educational testing is no exception.

Since the early 1 9 0 0 's, researchers have been developing theory

and methods for estimating reliability. For any kind of measure,

be it a scale, a ruler or a test, reliability has b een accepted

to me a n  consistency. Stanley (1971), however, points out that

operationalizing the concept of reliability or consistency is not

s imply a process of selecting and using an available formula:

There is no single, universal and absolute 
reliability coefficient for a test. D e t ermina­
tion of reliability is as much a logical as 
a statistical problem. The appropriate allo­
cation of variance from different sources 
calls for practical judgement of what use is 
to be mad e  of the resulting statistical value  
(p.363).

This issue has become particularly clear with the w ide scale 

use of criterion-referenced tests. Some knowledgeable researchers 

question the use of traditional methods of estimating reliability 

w ith criterion-referenced tests. They believe that the conditions 

w hich must be logically satisfied in order to use the traditional 

methods cannot be satisfied. As will be discussed in more detail 

later, the lack of variation among the scores on criterion-refer­

enced tests suggests that traditional reliability estimates which 

largely depend on variation are inappropriate. However, this 

1
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2

position is not accepted by all researchers. Various educational 

researchers have m aintained that traditional methods are appro­

priate w ith criterion-referenced tests (Ebel, 1975; Livingston,

1972), while others have maintained that the nature and use of 

criterion-referenced tests demand reinterpretation of traditional 

methods (Hambleton and Novick, 1973) or n e w  methods altogether 

(Swaminathan, Hambleton and Algina, 1974). Clearly, there is a 

need for empirical data to clarify the nature of these theoretical 

positions.

The test-retest m e thod of estimating reliability, wherein 

examinees are administered a test at one time and are subsequently 

administered the same test at another time, would seem to be the 

most logical and definitive means of operationalizing the concept 

of reliability. If individuals received the same scores on both 

tests, one could assume the measure to be reliable. This would 

be analogous to measuring a board w i t h  a ruler two times. If the 

results were the same both times, the carpenter could consider 

the measure to be a reliable one. However, students of human b e ­

havior have a problem in establishing the reliability of their 

measuring devices by this means that is not shared by all scien­

tific researchers : that is, the human often changes as a result

of being measured, so that subsequent measurement may be different, 

not necessarily because of errors in the measuring instrument, 

but because of changes that have occurred over time in the indi­

v iduals being measured. For this reason and other practical 

considerations, such as time and money, other methods of estimating
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test-retest reliability h a v e  b e e n  developed and are frequently 

used. Two commonly r e ported methods are parallel forms and KR- 

20.
Parallel forms, a l though they are used by commercial test 

publishers, suffer f rom the extreme difficulty of their develop­

ment. Parallel forms m ust meet the following criteria: they

must have equal m e a n  item difficulties, equal me a n  item variances, 

equal variances of item variances, equal means of item covariances 

w i thin and between tests as has bee n  well explained by Horst 

(1966). The application of the theory, as might be expected, 

suffers in comparison to the p rescription (Horst, 1966;

Bohrnstedt, 1970). However, Bohrnstedt maintains that "roughly 

parallel" forms can be  developed and Stanley (1971) says that 

preparing "parallel forms should not present undue difficulty"

(p.405). Apparently the q u estion to be answered is "what should 

these parallel forms uniformly do?" If the purpose of the 

parallel test is to ran k  each individual in the same order 

relative to others, then this should be possible to accomplish, 

even if the theoretical criteria are impossible to satisfy in 

their entirety.

KR-20, the second estimate of reliability, measures the in­

ternal consistency or homogeneity of the items of a test by treat­

ing each item as a parallel test with every other item. Horst 

(1966) points out that homogeneity, although it contributes to the 

estimation of reliability, is not, in and of itself, a measure of
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reliability, because it does not "indicate solely the extent to 

w hich the measures yielded by the individual items can be relied 

upon" (p.262).

Obviously, these methods of estimating the reliability of 

traditional, norm-referenced tests are subject to some operational 

problems, but the introduction of criterion-referenced tests has 

heightened the educational researchers' awareness of the old 

problems as well as directed a ttention to possible new problems. 

Norm-referenced tests are expected to produce variability, to 

spread examinees along a continuum according to each individual's 

level of the quality being measured; therefore, most reliability 

measures depend on the v a r iability of the scores. Criterion- 

referenced tests, however, are designed to measure whether or not 

examinees have attained a specific skill. Usually, they are short 

tests, administered soon after a period of instruction to determine 

w hich students have attained a skill and which have not. For this 

reason, variability among students is expected to be low, possibly 

nonexistent, if all the students have mastered the skill. T h eoret­

ically, then, as Stanley (1971) points out, "a criterion-referenced 

test can give reliable information even though its classically 

defined reliability coefficient equals zero" (p.435). In other 

words, if one could use the test-retest method in this real situa­

tion, the measure would be found to be reliable. In this case, 

the operationalization of the concept of consistency with a clas­

sical reliability coefficient would be, logically, a very poor
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choice. Again, it should be remembered that since criterion- 

referenced tests are usually short, the test-retest method of de­

termining reliability would also be a poor choice in that the 

memory effect, the phenomenon of examinees, on  the retest, r e mem­

bering their previous answers could produce spuriously hi g h  re ­

liability coefficients.

Since the purpose of criterion-referenced tests is the classi­

f ication of students into mastery and nonmastery categories on a 

specific skill, M i llman (1974), H ambleton and Nov i c k  (1973), and 

Swaminathan, et. al. (1974) have recommended that the consistency 

of decisions regarding these two categories be the proper opera­

tionalization of the concept of reliability. The consistency of 

d ecisions across two tests is measured by kappa (<), and these 

r esearchers urge that this consistency of the decision process, as 

measured by K, is a reflection of the quality of the content and 

the use of the test for making mastery-nonmastery decisions.

In practice, little is known about k , but it appears to p ro­

v ide an appropriate operational definition of reliability. The 

coefficient of agreement indicates the p roportion of agreement 

about masters and nonmasters beyond what would have b een expected 

by chance across two (or more) versions of a test.

T he problem that this research will attempt to resolve is the 

following: do the KR-20 and kappa coefficients provide different

estimates of the test-retest reliability of a series of pairs of 

tests wh i c h  w ere designed to be parallel in content and wh i c h  are 

r eliable as defined by parallel forms criteria, KR-20, or kappa?
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CHAPTER II

Basis of the Problem

R eliability is accepted to m ean c o n sistency by measurement  

experts; however, the means of estimating consistency are many. 

Since 1910, w hen Charles Spearman first used the term "reliability 

coefficient," which he defined as "the coefficient b e t ween one half 

and the other half of several measures of the same thing" (p.281), 

testing and measurement theoreticians h a v e  b e e n  working to develop 

estimates of reliability. These statistical estimates of reli­

ability have been efficient attempts to s how the measure of reli­

ability that one would obtain if one could replicate administra­

tions of an instrument to subjects time and time again. The p ur­

pose of this chapter is to present the concept of reliability; to 

present three statistical approaches that h ave b een developed for 

estimating reliability; and to present the need, as expressed in 

the relevant literature, for a logical or empirical basis for 

estimating the reliability of criterion-referenced tests.

Concept of Reliability

Anyone interested in measuring s omething should be interested 

in the reliability of the measuring instrument. The instrument 

must produce the same or, at least, similar results whe n  it is used 

to measure a thing again and again. If an instrument is extremely 

unreliable, decisions based on the results of its administration  

6
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might as w e l l  have b een m ade without any measur e m e n t  at all. To 

define this concept, reliability is considered to be the consis­

tency of results which one obtains from replicating a m e asure 

time after time; this is often referred to as test-retest r eli­

ability. However, this procedure wh e n  applied in an educational 

environment may not be feasible, e.g., a d m i nistration costs and 

student time spent in retesting rather than in  other educational 

endeavors may be too great to warrant using this method. In 

addition, there are factors that confound the results obtained 

from this procedure, particularly w h e n  h uman subjects are being 

measured, i.e., individuals may remember in the second adminis­

tration their responses in the first administration, thereby 

inflating the reliability coefficient; similarly, individuals' 

awareness of the area being tested might be heightened by taking 

the test the first time, so that, upon being retested, they 

would obtain higher scores, thereby deflating the coefficient.

In other words, because resources are scarce, and because humans 

remember, grow, and change, even during the course of a week, the 

test-retest method of directly estimating reliability may often 

be impractical. Since the operational definition of reliability 

for this research cannot be directly measured, other statistical 

m ethods of estimating reliability wil l  be considered to be 

indirect measures of what would be obtained if the test-retest 

method could be used.
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T hree Statistical Approaches to the Estimation of Reliability

The three statistical estimates of reliability w hich consti­

tute the three levels of the independent variable for this study 

are ones that have been developed to estimate indirectly test- 

retest reliability.

In general, to compute a reliability coefficient, at least 

two test scores per subject in a group are n e e d e d , Two of the 

estimates of reliability in this study require two tests; 

parallel forms and k . The other approach, KR-20, can be  used w ith 

only one test, but it treats each item as if it w ere a parallel 

test to every other item. Both KR-20 and parallel forms, as r e l i ­

ability estimates, have long theoretical and empirical histories. 

Kappa, however, is a relatively recent development, put forth as 

a particularly appropriate estimate of the reliability of criterion 

referenced tests. The properties of each of these reliability 

estimates which are the three levels of the independent variable 

are discussed below.

"Parallel forms" is a term which is used freely in testing 

literature; however, to pinpoint a definition which is universally 

accepted in practice is extremely difficult. Criterion-referenced 

tests are often constructed to be parallel in content, in that 

many short criterion-referenced tests may be designed to measure 

one specific objective.
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Basically, the accepted procedure for constructing such 

paral l e l  tests is to 1) write items according to carefully stated 

specifications, and 2) select randomly the items for inclusion 

in the various tests. The resultant tests are then defined to 

be  "randomly parallel" tests.

Another method for constructing parallel tests is to 1) c on­

struct two tests according to carefully stated specifications;

2) try them out on the same examinees; and 3) correlate the 

results. If the results are highly correlated, the tests are 

considered to be parallel.

Since the purpose of parallel forms is the estimation of the 

reliability that would be obtained if one we r e  to use the test- 

retest method of directly measuring reliability, these methods 

are considered by some researchers to be expedient, rather than 

accurate estimates of reliability. Paul Horst (1966) r ecommended 

criteria for determining the existence of parallelism b e tween  

forms of a test. The following were used for this study.

1. Each test has the same number of items.

2. The m ean item difficulties are equal.

3. The dispersions of item difficulties are equal.

4. The variances of the item variances are equal.

5. The means of the inter-test item covariances
are the same between tests as within tests.

6. The variances of the distributions of these
covariances within and between tests are equal 
(pp.300-302).
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Ho r s t  emphasized criterion of equality of the inter'-test ite m  

covariances between tests. He maintained that without that 

equality of inter-test item covariances, theoretically, p a rallel 

tests could be  composed of items from unrelated subject areas.

To summarize, although there are various criteria for 

p a r allel forms, the ones selected for this study we r e  those 

d eveloped by Paul Horst (1966) because they are the most clearly 

defined and specific. Parallel forms are one level of the 

independent variable.

The Kuder-Richardson Formula 20 is an estimate of reliability 

w h i c h  assumes that every item has the same m e a n  and the same 

variance; it treats every item as parallel to each of the other 

items. The Kuder-Richardson formula for the reliability of a 

test w i t h  n items will be

" i  , (1)

= variance of the total test 

r^^ = reliability of the test 

n  = number of items on the test 

s2 = variance of the total test

p = proportion of examinees who answered the i^^ 
item correctly

q = proportion of examinees who answered the i*"^ 
item incorrectly
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The Kuder-Richardson Formula 20 CKR-20) actually indicates 

the homogeneity or internal consistency wit h i n  a test and is 

appropriate for use only wh e n  each item on a test is supposed to 

be  measuring the same thing. It is an even more indirect method  

of estimating test-retest reliability than is the parallel forms 

method, in that it is, in a sense, an estimate of an estimate; 

it estimates the parallel forms reliability criteria. A  simplified 

vers i o n  of KR-20 is KR-21 w hich uses the mean item variance  

rather than the sum of all the item variances, 

n s^ - npq (2)

K R-21 is often used in place of KR-20 because of the ease of its 

computation; however, in practice, KR-21 m ay actually be consider­

ably smaller than KR-20 (Stanley, 1971) if item difficulties 

vary greatly (Ebel, 1972, p p . 416, 418). KR-20 is an internal

consistency coefficient between random parallel tests (Magnusson, 

1966, p . 117).

Formula KR-20 w h ich is an internal consistency m e asure was 

s elected to be the second level of the independent variable, 

because it is often used to estimate the reliability of criterion- 

referenced tests. An a ssumption on w h ich KR-20 is based is that 

of equal item difficulties.
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K a ppa Is a reliability estimate w hich measures the consis­

tency of decisions across two forms of the same test or across

repeated administrations of the same test. The coefficient k is

defined as

K = (Pq - Pj,)/(1 - Pg) , C3)

w h e r e  p^, the observed proportion of agreement is given by

Po = Pii ’ (4)

state on b oth test administrations, and p^, the expected pro p o r ­

tion of agreement is given by

"c = Pl.P.l •

In the last equation, p^ and p ̂  represent the proportions of

examinees assigned to the mastery state i on the first and second 

tests, respectively. An  example of the computation follows. The 

data are displayed in Table I.

Suppose that two tests have been administered to the examinees 

and they have been classified as masters and nonmasters as dis­

played in Table I. Then

p^ = .70 +  .23 = .93

p^ = (.75)(.72) +  (.25)(.28) = .61

K = (.93 - .61)/(1 - .61) = .82
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Table I

Example of the Contingency Table for Computation of Kappa

\ s ^ s t  2 

Test 1

Mast e r y  States 

Mas t e r  Non-Master
Marginal

Proportions

Mas t e r y

Ma ster .70 (.54)* .05 .75

N o n -Master .02 .23 (.07)* .25

M a rginal
Proportions .72 .28 1.00

*Expected proportion

Kappa, w hich expresses the proportion of agreement on 

c l a s sification of masters and nonmasters on two tests beyond that 

expected by chance was the third level of the independent variable.

Estimating the Reliability of Criterion-Referenced Tests

In the context of the developing wide-spread use of criterion- 

referenced tests, a controversy has arisen in the tests and 

m e a surement area. This controversy centers on the issue of esti­

mating the reliablity of criterion-referenced tests. As mentioned 

above, b oth the KR-20 and parallel forms estimates of reliability 

have long theoretical and empirical histories, but their histories
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have be e n  wi t h  norm-referenced tests. Their use or attempted use 

wit h  criterion-referenced tests has led to a reexamination of the 

assumptions wh i c h  underly their use in estimating reliability.

The purpose of this section is to present the three theoretical 

positions w hich h ave be e n  taken by measurement experts regarding 

c riterion-referenced tests; 1) the traditional methods of esti­

mating reliability are appropriate; 2) the traditional methods are 

a ppropriate but m ust be  reinterpreted; and 3) the traditional 

methods are inappropriate and should be replaced. This last 

posture is the one w hich produced the suggestion that kappa be 

considered to replace the older methods. To establish the context 

for these three positions, a brief discussion of norm-referenced 

tests and criterion-referenced tests follows.

Norm-referenced and criterion-referenced tests differ p rimar­

ily in that they are constructed to achieve different purposes. 

Norm-referenced tests are constructed to maximize variability of 

test scores. They are designed to m ake decisions in cases where 

one is interested in '"fixed quota' selection or ranking of 

individuals on some ability continuum" (Hambleton and Novick, 1973, 

p . 162). Hambleton and Novick also point out that it w o uld be 

p ossible to make criterion-referenced judgements and norm-refer­

enced judgements about the results of either a norm- or criterion- 

referenced test, but because of the difference in purposes, and 

therefore, the differences in test construction procedures, neither 

norm-referenced judgements based on a criterion-referenced test.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



nor criterion-referenced judgements based on  a norm-referenced 

test w o uld be particularly satisfactory (p,162).

The important issue for the purpose of this research is the 

fact that norm-referenced tests are constructed to maximize true 

variance among individuals, and that this variance, in relation 

to error variance, has been the basis in classical test theory, 

for developing the reliability estimates that have been used 

traditionally with norm-referenced tests. Because the concept of 

the relationship between true variance and error variance is 

inherent in the classical test theory concept of reliability, a 

brief discussion of the relationship follows. From the theoretical 

notations of classical test theory, the dependence upon variance 

of scores for estimating reliability can readily be seen. An

(7)

where is the obtained score of the p^^ person on the f^^ form, 

Tp is the true score of that person, and e^^ is his/her error of 

measurement on that form. The v a riance of observed scores of a 

group can be represented by o^, the variance of true scores by a^, 

and the variance of errors of m easurement by o^. If the magnitude 

of the error of measurement covaries zero w i t h  the magnitude of 

the true score, then

0 ^ = 0 ^ +  Gg (8)

which indicates that the variance of the observed scores is equal
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to the variance of the true scores p lus the variance of the 

errors of measurement. Reliability of two parallel forms (or a 

test and a retest) has then bee n  defined as

p , £ .  = 1 - 3 -  <9)

A  test is then defined to be u n r eliable in proportion to the 

magnitude of its error variance r e lative to its observed-score 

variance.

In summary, norm-referenced tests have bee n  discussed with 

regard to their purpose, that of p r o ducing variance to produce 

information for "fixed quota" types of decisions. The reliability 

estimates for norm-referenced tests w e r e  shown to depend upon the 

relationship of true variance and error variance for their com­

putation.

As stated above, c r iterion-referenced tests are constructed

for different purposes than are n o r m -referenced tests. The

operational definition of a criterion-referenced test for this

research is the one developed by Glaser and Nitko (1971):

A  criterion-referenced test is one that is 
deliberately constructed so as to yield m e asure­
ments that are directly interpretable in terms 
of specified performance standards (p.653).

Measurements are taken in order to be able to make decisions about 

a student, or a group of s t u d e n t s ’ m a stery or nonmastery of a 

specified performance objective. Further, the performance objec­

tives of interest to this research w e r e  developed by curriculum
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specialists to be "minimal.*' Therefore, there was no quota on 

the number of students who could exceed the criterion, w h ich was 

four out of five correct responses on the test. In fact, the 

educational goal is that of all of the students exceeding the 

criterion. It is at this point, all students exceeding the 

criterion, that the theoretical issue arises; there is no v a r i ­

ability of scores. If reliability estimates must rely on 

variability of scores, then no estimate is possible. This is, 

of course, not the case, but this is the basis for the controversy.

To summarize, criterion-referenced tests h ave b een discussed 

with regard to their purpose, that of measuring mastery or n on­

mastery of specific performance objectives to produce information 

for instructional purposes. Estimating the reliability of 

criterion-referenced tests, especially if all students "pass" 

them, may create a problem, because the traditional methods of 

estimating reliability have depended upon variance of test scores.

With this brief discussion of norm- and criterion-referenced 

tests, the basis for the controversy and the three theoretical 

positions which researchers have taken is established. Those 

researchers who believe that traditional methods are appropriate 

(Ebel, 1975; Livingston, 1972) maintain that lack of variability 

among examinees is, in fact, not a problem w ith criterion-refer­

enced tests. Ebel (1975) says,

The presumed need to redo test theory to 
accomodate criterion-referenced testing is 
probably based on mistaken assumptions.
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Even if test scores w i t h  little or no v ari­
ability should be attained under the mastery 
learning model, wh i c h  is seldom if ever the 
case, w e  can still test the effectiveness of 
the test, and of the items, by administering 
the test b e fore and after instruction. The 
job of any achievement test, whether criterion- 
referenced or norm-referenced, is to different­
iate among levels of achievement. To determine 
ho w  well the test can differentiate, it must 
be  given to examinees who have different levels 
of achievement. A  group having these differ­
ences can always be found or assembled.
Applied to the scores of individuals in such 
a group, classical measures of test reliability 
and item d i scrimination will indicate h ow well 
the test can do its job (p.85).

His position, then, seems to be that, in the real world, this

theoretical lack of variability, in fact, does not exist.

Livingston (1972) developed a reliability coefficient from 

classical test theory wh i c h  is based upon deviations from the 

criterion score, rather than from the mean. His definition of 

variance is the distance between the observed m e a n  score and the 

criterion score. The farther from the criterion score the m ean 

score falls, the greater the criterion-referenced reliability of 

the test for that particular group of examinees. Since the 

purpose of a criterion-referenced test is the determination of 

mastery or nonmastery status of students, Livingston's insistence 

on a continuum of ability, albeit differently defined, in order 

to adequately estimate the reliability of criterion-referenced 

tests, appears to dodge the issue (Harris, 1972). Hambleton and 

N ovick (1973) suggest that Livingston missed the point for the 

c riterion-referenced tests that are the subject of this study.
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T hey state that the pro b l e m  is "one of deciding whether a student's 

true p e r formance level is above or b e low some cutting score"

(p.168). In  other words, the question is not "how far does the 

student's score fall from the criterion score?" but "is the 

student's true score above or below the criterion score?"

The po s i t i o n  of those researchers (Hambleton and Novick,

1973; Miliman, 1974) who have most strongly urged a reinterpreta­

tion of classical reliability coefficients has been effectively 

stated by Hambl e t o n  and N o vick (1973). They state;

It is well k nown from the study of classical 
test t h e o r y ... that wh e n  the variances of test 
scores is restricted, correlational estimates 
of reliability and validity will be low.
Thus, it seems clear that the classical 
approaches to reliability and validity esti­
m a t i o n  will need to be interpreted more 
cautiously (or discarded) in the analysis 
of criterion-referenced tests (p.167).

The replacement of traditional, classical test theory reli­

ability coefficients w i t h  entirely different reliability estimates 

has been recommended by H a mbleton and Novick (1972); Miliman (1974); 

and Swaminathan, Hambleton and Algina (1974). These people have 

suggested that a possible replacement for the traditional reli­

ability estimate wo u l d  be kappa which measures the consistency of 

decisions across two randomly parallel criterion-referenced tests. 

(Randomly parallel tests are two sets of items which have been 

randomly dr a w n  from a pool of items measuring an objective.)

These researchers maintain that reliability could be defined as 

the consistency of decisions m ade about masters and nonmasters
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across two randomly p a rallel forms of the same test. The 

coefficient kappa w ill reveal not only the consistency of decisions, 

but the proportion of consistent decisions exceeding those which 

could have been expected to occur by chance. One problem that 

arises w i t h  the reporting of the coefficient kappa, similar to 

that incurred by reporting Livingston's coefficient, is that of 

interpretation. Kappa is relatively new to the literature, and it 

is not intuitively easy to understand what a specific value of 

kappa means. Kappa can only reach 4-1 wh e n  there is perfect agree­

ment along the m ain diagonal about masters and nonmasters across 

two or m ore forms of a test; otherwise, it is strongly affected by 

the marginal totals.

With the p resentation of the three positions, the issues of 

interest to this research are clear:

1. If variance exists among the criterion- 
referenced test scores of the population
of examinees, then the reliability estimates 
w hich h ave be e n  developed from classical 
test theory should produce satisfactory 
estimates of reliability. Because these 
coefficients are k nown quantities, they are 
m o r e  meanin g f u l  to those who read them.

2. If the v a r iability of the examinees is restricted 
due to the nature of the objectives being 
measured, then the reliability estimates of 
criterion-referenced tests w ill be deflated
and w ill demand reinterpretation. In other 
words, the lower reliability coefficients of 
criterion-referenced tests must be weighted 
by some m e thod to produce coefficients equivalent 
to equally reliable norm-referenced tests.

3. The third posi t i o n  w ould suggest the replacement 
of reliability estimates w hich depend upon v a r i ­
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ability of scores w ith a reliability m e asure 
which depends upon variability of decisions 
about masters and nonmasters.

Each of these positions has its appeal and theoretical 

rationale. This research wil l  attempt to provide some answers 

to the question: if these methods, traditional and new, wer e

used w ith data obtained from administering criterion-referenced  

tests, would different decisions about the reliability of those 

tests be m ade on the basis of the two reliability estimates, 

Kuder-Richardson Formula 20 and Kappa.
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CHAPTER III

Procedures

Since research and position papers ha v e  raised the issue of 

the feasibility of using traditional r e l iability indicators in 

estimating the reliability of criterion-referenced tests, this 

study was designed to examine two reliability estimates as they 

performed on empirical data collected from two populations of one 

st a t e ’s students. The purpose of this sect i o n  is the presentation 

of the procedures that were used to gather and analyze the data 

for this study. Part I defines the popula t i o n  of objectives from 

wh ich the objectives were drawn wh i c h  w e r e  m e asured by the test 

instruments. The population of test forms is also described in 

Part I, along with the data collection procedures. Part II 

describes the characteristics of the three samples of test form 

pairs which were drawn and the sampling procedures w h ich w ere 

utilized to do so. Part III describes the data analysis procedures.

Part I, The Population of Objectives, Pop u l a t i o n  of Test Forms, 
and Data Collection Procedures

Population of o b j e c t i v e s . Since the basis for the construc­

tion of criterion- or objective-referenced tests is the objective 

or criterion which the tests are constructed to measure, a brief 

description of the population of objectives is essential. An 

entire population of objectives for an academic subject area is 

22
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a phenomenon of extraordinary size, difficult to conceptualize 

and probably not feasible to attempt to develop empirically. For 

those reasons, the objectives w hich w ere the p a rtial basis for 

this study are described by their developers as "minimal" objec­

tives for this subject area. They are m i nimal in the sense that 

they are assumed to be attainable by all students by termination 

of ninth grade. The objectives were developed by educators from 

various fields of specialization, including instruction, curric­

ulum, measurement and research. In all, there exist approximately 

500 objectives for grades kindergarten through nine in this sub­

ject a r e a ’s population of minimal objectives.

For the purpose of this study, the objectives of interest 

are those which are to be attained in grades kinderg a r t e n  through 

three and those which are to be attained in grades four through 

six. The former group was measured at the beginning of fourth 

grade and the latter at the beginning of seventh grade. However, 

not all of the approximately 400 objectives for grades k inder­

garten through six were measured by the tests wh i c h  w e r e  used for 

this study. Only 29 objectives were measured in the fourth grade 

instrument and only 39 were measured in the seventh grade instru­

ment. The reasons for this limitation wer e  as follows:

1. Each objective was measured by a five item, multiple- 
choice, group administered test;

2. Objectives for other subject areas w e r e  also measured;

3. Students were allowed to take as long as necessary 
to complete the tests;
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4. Testing time for the entire test battery was to be 
about three hours (although not in one d a y ) ;

5. Only those objectives whi c h  could be measured by
a paper and pencil, multiple-choice group a d minis­
tered instrument wer e  desired.

G iven these limitations, the objectives to be measured w ere 

selected by the testing staff wi t h  the advice of instructional 

and curriculum specialists according to the following criteria:

1. The importance of the objectives to the acquisition 
of future academic skills or to survival in the 
world outside that of academia; and

2. The feasibility of measuring the objectives by paper 
and pencil, multiple-choice, group administered 
instruments.

To summarize, the population of objectives consisted of 29 

fourth grade minimal objectives and 39 seventh grade minimal 

objectives which described specific performances which 1) should 

be attainable by all students at the specified grade levels,

2) are important to future academic success or life survival,

3) could be administered in an approximate time interval (three 

hours), and 4) could be measured by paper and pencil, multiple- 

choice, group administered instruments.

Population of test f o r m s . The total population of test 

forms consisted of 204 five-item tests. In all, there were 68 

objectives to be measured, and three different test forms were 

used to measure each objective (68 objectives X 3 tests = 204 

tests). One of the three tests measuring each objective was a
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"core" test; the other two tests measuring each objective were  

"experimental" tests.

The 68 "core" tests, each m easuring one objective, w ere tests 

w hich had be e n  administered to students for three years (1973, 

1974, 1975). In those years, a student was classified as master 

of an objective if four or five items measuring the objective 

w e r e  answered correctly; if a student answered fewer than four of 

the items correctly, the student was classified as a nonmaster of 

the objective.

The other two forms of each test were the "experimental" 

v ersions w h i c h  w ere designed to measure the same objectives as 

wer e  m e asured by the core tests. From a content standpoint, they 

were, in fact, each designed to be parallel measures to a core 

test of an objective. Subsequent tryouts and editing served to 

reinforce this design. Attainment and nonattainment for the 

e xperimental tests were defined in the same manner as had been 

done for the core tests.

In summary, the p opulation of test forms consisted of three, 

five-item tests per each of the 68 objectives. One test for each 

o bjective had been administered three times to the population of 

students for which it was intended; the other two test forms were 

d esignated "experimental" and were designed to be parallel in 

content to the core tests. Attainment of an objective, as 

m easured by these tests, was defined as correctly answering
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four or five of the items. Nonattainment was defined as answering 

only three or fewer items correctly.

Data collection procedures, The 29 fourth grade core tests 

of the objectives w e r e  contained in a fourth grade core test 

booklet which was a d m inistered to the entire fourth grade popula­

tion. The 39 seventh grade core tests of the objectives were 

contained in a seventh grade core test booklet which was adminis­

tered to the seventh grade population. The experimental tests, 

however, were contained in separate booklets. Each booklet 

contained four tests w hich measured four different objectives.

In order to obtain the sample of students w ho took each experi­

mental booklet, the booklets were distributed by  the method 

described below.

A  spiral sampling p lan was used to select the sample of 

students w h ich took each experimental booklet. All students were 

administered the core booklet. Because the students recorded 

their answers for bo t h  the core and the experimental tests on 

the same answer sheet, each individual s t u d e n t ’s performance on 

the core test of an objective and on an experimental test of the 

same objective could be compared.

The spiral sampling was accomplished in the following manner. 

At the central d istributing point, all of the experimental booklets 

were numbered from 1 to k; k indicates the number of the last 

booklet. Each experimental booklet contained 20 items measuring 

four objectives. A  random number from 1 to k was selected, and
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that random number b e came the first booklet, w ith the rest of 

the booklets following it in their sequential order. When k  was 

reached, booklet number 1 followed it, and so on, until all of 

the booklets were ordered.

Because other experimental tests, besides those of interest 

to this study, were included, every student in the state who was 

a member of the fourth or seventh grade populations was in one of 

the samples taking an experimental booklet. This procedure 

provided a sample size of about 4000 students per booklet, and 

therefore, per objective and test form.

A fter the booklets had been arranged in the order described 

above, they were then counted out to be sent to the school 

districts, according to the number of students to be tested in 

each district. This number to be tested in fall, 1975, was 

obtained from the district in spring, 1975, and was the superin­

tendent's projected fourth and seventh grade enrollment figures.

The district test coordinator was directed to count and 

distribute, without changing the experimental booklet order, 

enough booklets for each school. The school test coordinator was 

then directed to follow the same procedure for distribution to 

each classroom.

As specified above, every fourth and seventh grade student 

participated in the core tests. The only exceptions were certain 

special education students.
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In summary, the data were collected by means of spiral 

sampling wh i c h  is a form of systematic sampling. The sampling 

p l a n  obtained a sample size of about 4000 students per test form 

pair. The data obtained from each sample w ere their responses 

to four core tests of four objectives and four matc h i n g  experi­

m ental tests.

Units of analysis. The data collection procedures above led 

to three test forms from which two test pairs could b e  drawn, as 

shown in Figure 1. In each case, the experimental test of five 

items was paired in the student sample with the core test of five 

items. The number of test pairs per objective and the total 

number of test pairs are shown in Table II. In all, this 

procedure produced 136 test pairs, the units of analysis for the 

present research.

Table II

Test Pairs Obtained Per Objective

Number of Objectives Test Pairs per Objective Test Pairs

Fourth grade: 29 2 58

S eventh grade: 39 2 78

TOTAL: 68 X 2 = 136
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' O U R T H  G R A D E  O B J E C T I V E  1 . . .  29

Experimental Test Core Test Experimental Test
Pair 1 Pair 2

-------- > 5 Items

S E V E N T H  G R A D E  O B J E C T I V E  1 . . .  30

Experimental Test Core Test Experimental Test
Pair 1 Pair 2

5 Items < ------- > 5 Items <--------- >

Figure 1. Method of obtaining two test pairs per objective.
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Part II. Characteristics of the Samples and the Sampling 
Procedures

Characteristics of the samples of test f o r m s . Since the 

p u rpose of this study was to examine different estimates of r eli­

ability, parallel forms, KR-20, and kappa, to find out whether or 

not each of the reliability measures produces different informa­

tion about the reliability of these criterion-referenced tests, 

three samples of test forms were drawn from the population of 

pairs of test forms. Each sample consisted of 20 pairs of test 

forms. One sample represented those.forms which, according to the 

traditional definition of "parallel," demonstrated the range of 

p a r allelism in the population of test pairs. The second sample 

represented the range of m ean KR-20's in the population of test 

pairs. The third sample selected represented the range of kappas 

derived from this population of test pairs. These characteristics 

of parallelism, KR-20, and kappa constituted, operationally, the 

three levels of the independent variable.

All of the 136 pairs of tests were ranked from "very high" 

to "acceptable" on each of the three criteria for selection, 

parallel forms, mean KR-20's and kappa. They w ere then stratified 

into four strata of reliability; very high, high, moderate, and 

acceptable. From each stratum five pairs of tests were selected 

to be the sample on w hich the analysis was performed. The assump­

tion behind this process was that the test development procedures 

w e r e  such that all of the tests would have at least "acceptable"
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reliability. ("Acceptable," as specifically applied to each of 

the levels of the independent v a riable w ill be discussed below, 

since no general definition was appropriate.) If, in some cases, 

this assumption of acceptable reliability proved to be unfounded, 

u nacceptable pairs w ere discarded. In Table III are shown the 

three levels of the independent v a riable and the strata from 

wh i c h  the samples of test pairs w ere selected.

Sampling Plan for Stratified Ran d o m  Selection 
of Test Pairs That Represent Characteristics of 

Parallel Forms, M e a n  KR-20 and Kappa

Reliability
Coefficients

Level 1 
Parallel Forms • 

Test Forms

Level 2 
Me a n  KR-20 
Test Forms Test Forms

Very High 5 5 5

High 5 5 5

Moderate 5 5 5

Acceptable 5 5 5

TOTAL 20 20 20

Parallel forms sample. The first sample to be drawn was

that w hich represented the range of parallel forms. As stated

before, each triplet of test forms that measured an objective was 

written to be parallel in content. However, the traditional.
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n orm-referenced m e a n i n g  of "parallel" is m uch mor e  specific than 

human judgement about content; therefore, the following require­

ments for parallel forms w e r e  the basis for selection;

1. Each test h a d  the same number of items (five).

2. The me a n  i tem difficulties were equal.

3. The dispersions of item difficulties w ere equal.

4. The variances of the item variances were equal.

5. The means of the inter-test item covariances
w ere the same between tests as w i thin tests.

6. The v ariances of the distribution of the
covariances w e r e  the same between tests as
w i thin tests.

Since all of the tests consisted of five items, all test 

pairs were retained us i n g  the first criterion. The second step 

consisted of ranking all parallel forms on the basis of equal mean 

item difficulties ( p - v a l u e s ) . If p-values were within .02 points 

of each other (with roun d i n g  from the third decimal p l a c e ) , they 

were operationally d e fined to be "equal." These pairs were 

ranked on their m e a n  p-values and w ere judged to be in the Very 

High stratum if the m e a n  p-values differed between the two test 

forms by only .000 to .004; the High stratum if mean p-values 

differed from .005-.009; the Moderate stratum if m ean p-values 

differed from .010-.014; and the Acceptable stratum if mean 

p-values differed f rom .015-.025.
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The rationale for carrying the stringent definition of 

parallel forms only to the second criterion consisted of two m a i n  

points. 1) the test pairs h ad b een designed to be parallel in 

content and 2) an operational definition of "equal" for the re­

m aining criteria w o uld be  an arbitrary one with little empirical 

evidence on which to base it. In this study, therefore, the 

obtained values for the other criteria were accepted to be "equal."

In all three samples, parallel forms, me a n  KR-20, and kappa 

sample, the number of cases wh i c h  fell into a stratum was deter­

mined and each case was assigned an identification number, then a 

random number table w as used to select the cases which would 

represent the stratum in the sample. For instance, if there were 

18 members in the stratum, all numbers between 01 and 18 were 

eligible for selection. T he cards on which the data w ere recorded 

w ere shuffled; then the r andom number table was used by the 

researcher so that the first five numbers between 01 and 18 which 

were encountered indicated the cards which were to be selected for

the stratum of a given sample.

KR-20 s a m p l e . T he second sample to be drawn was the sample

representing the range of mea n  KR-20's. The mean KR-20 was

obtained by adding together the KR-20 for the core test and the 

KR-20 for the paired experimental test and then dividing the sum 

by two (the number of test forms). The mean KR-20 was used in 

order to produce a coefficient which would be mutual to the test 

form pair, the unit of analysis. The Very High m ean KR-20 stratum
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was defined as those pairs having a m e a n  KR-20 of ,85 or higher; 

the H igh stratum consisted of those pairs h a ving a m e a n  KR-20 of 

.79-,84; the Moderate stratum consisted of those having a KR-20 of 

.73-,78; and the Acceptable stratum consisted of those with a mean 

KR-20 of .60-, 72. In addition, if the KR-20's from the two tests 

d iffered by more than .10, they w ere not considered for inclusion 

in the sample, since they seemed to differ so m uch from one another 

that their values, taken separately, would have clearly put each 

one into a different stratum from the other.

The kappa s a m p l e . After the parallel forms sample and the 

KR-20 sample were selected, the kappa sample was randomly selected 

f rom the remaining test pairs, again according to the stratifica­

tion plan outlined above. The remaining pairs we r e  ranked from 

high to low according to the obtained values of kappa. Since 

kappa's obtained value is strongly affected by the marginal 

proportions, it is difficult to determine the range of specific 

values of kappa which may be obtained from the data. Kappa will 

reach 1 only if the decision making is perfect across both forms 

of the tests. Therefore, it was determined that a kappa of .30 

define the lower limit on the Acceptable stratum. This would 

indicate, after the effects of chance agreement were removed, the 

proportion of joint agreements across the test. Intuitively, this 

seemed to be the lowest "acceptable reliability" that could be 

tolerated. Further, it was decided that the other three strata 

be defined as .40-.49, .50-.59, and .60-1.00. Because of a lack
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of empirical evidence on the beha v i o r  of kappa, this plan seemed 

to be reasonable.

The dependent v a r i a b l e s . U s i n g  the test pairs, the m ean 

K R - 2 0 ’s and kappas were calculated. These two reliability coeffi­

cients were the dependent variables. Kappa, the coefficient which 

measures the consistency of de c i s i o n  m a king across two measures, 

produced one coefficient for each test pair. Obtaining the mean 

KR-20 for each test pair, however, involved two steps. 1) The 

KR-20 for each five-item test w as calculated. This measured the 

homogeneity of the five items w i t h i n  each test, 2) The mean 

K R-20 for each test pair was calculated by adding together the 

KR-20 computed for each of the tests in the test pair and then 

dividing by two (the number of t e s t s ) . This was done in order to 

h ave one KR-20 measure for each test pair, the unit of analysis.

Part III, Data Analysis

The research design involved the selection of three samples 

of 20 reliable test pairs. One sample was reliable according to 

parallel forms criteria; one according to mea n  KR-20 coefficients; 

and one according to the kappa coefficients. Parallel forms, 

KR-20, and kappa constituted the three levels of the independent 

variable, and the test pairs constituted the units of analysis.

The m ean KR-20 of each of the samples and the mean kappa of each 

of the samples were the two dependent variables. The null
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hypotheses were that if the three indices provide the same 

information for decisions about the reliability of the tests, 

then the KR-20 coefficients for the three groups w o uld be equal 

and the three kappa coefficients for the groups would be equal.

The research hypotheses were that if either the K R - 2 0 ’s or the 

kappas for the three groups w ere different, then the reliability 

coefficients provide different information for decisions about the 

reliability of the test pairs.

Data analysis p r o c e d u r e s . A f ter the samples h ad been drawn, 

the dependent variables, the m e a n  KR-20 and kappa, w ere analyzed 

using analysis of variance procedures. One A NOVA was performed 

to determine whether or not there w as a difference among the mean  

values of KR-20 for the three groups of test pairs. The null 

hypothesis was that the m ean K R -20 for the parallel forms level of 

the independent variable w o uld be equal to the m e a n  KR-20 of the 

KR-20 level of the independent variable which would be equal to 

the m e a n  KR-20 of the kappa level of the independent variable.

^o' ^1, KR-20 " ^2, KR-20 “ ^3, KR-20 (10)

where 1 = level of the independent variable representing the range 
of parallel forms,

2 = level of the independent variable representing the range
of mean KR-20's,

3 = level of the independent variable representing the range
of kappas.
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Alternatively, the research hypothesis w as that not all three 

m e a n  KR-20^s were equal.

1̂' KR-20 ^'KR-20^ ^ °

A  second ANOVA was performed to determine whether or not 

there was a difference among the me a n  values of kappa for the 

three levels. The null hypothesis w a s 'that the m ean kappas for 

the three levels would be equal;

"l.K " “ 2,k " ’'3.K (12)

The research hypothesis was that not all three me a n  kappas were

H  : E Cp - V. y  f 0 (13)
1 j=l

The Tukey method of comparing the difference between means 

was planned if the AN O V A  procedures revealed differences at the 

.05 level of significance.

In summary, the data analysis procedures consisted of two 

ANOVAs: one performed using the m e a n  KR-20's as the dependent

variable for comparison among the three groups and one performed 

using the mean kappas as the dependent variable for the three 

groups. These procedures were consistent w ith the research 

p r oblem which was to investigate whether or not these reliability 

estimates provided different estimates of the test-retest reli­

ability of these criterion-referenced tests.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Results

The purpose of this research w as to prov i d e  empirical evi­

dence, using criterion-referenced test results, of the behavior of 

two different reliability estimates; basically, to see whether 

or not each reliablity coefficient w o uld provide a different 

estimate of reliablity. This chapter presents the results that 

w ere obtained using the procedures described in Chapter III.

Part I provides a brief review of the units of analysis, the levels 

of the independent variable, and the dependent variables. Part II 

describes the characteristics of the samples that were selected 

Part III presents the results of the two analyses of variance 

procedures and the Tukey Post Hoc Comparison method.

Part I, Review of Units of Analysis, Independent Variable and 
Dependent Variables

The units of analysis of this study we r e  test pairs. Each 

pair consisted of two sets of five items w h i c h  had be e n  con­

structed to measure a minimal performance objective. In all, 

there were 136 pairs. From the 136 pairs, three stratified samples 

were selected; the first sample represented the range of 

parallelism in the 136 pairs; the second represented the range of 

me a n  KR-20's; and the third represented the range of kappas. 

However, pairs which did not meet the criterion of "acceptable"
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reliability as defined for each sample w e r e  excluded from con­

s ideration for that sample. Each sample included five randomly 

selected pairs in each of four strata. The four strata were  

defined, individually, for each sample and w e r e  acceptable, 

moderate, high and very high reliability estimates. These three 

samples constituted the three levels of the independent variable. 

The dependent variables w ere the m e a n  KR-20 coefficients and the 

kappa coefficients for each test pair.

Part II, Characteristics of the Obtained Samples

Using the criterion for the parallel forms sample that the 

a verage p-values of the tests could differ by no more than .02 

(with rounding), 89 of the 136 test pairs we r e  eliminated, leaving 

47 test pairs to be sampled. All other criteria of equality were 

assumed to be met. The pairs were ranked on their m ean p-values 

and wer e  judged to be in the Very High s t ratum if the mea n  p-value 

differed between the two test forms by .000 to .004; the High stra­

tum me a n  p-values differed from .005-.009; and Moderate stratum 

mea n  p-values differed from .010-.014; and the Acceptable stratum 

m e a n  p-values differed from .015-.025. This procedure produced 11 

pairs in the Very High stratum, 12 in the High, 10 in the Moderate, 

and 14 in the Acceptable stratum. Shown in Table III are the 

ranges of differences which were obtained for each of the six 

criteria for parallel forms developed by Paul Horst (1966, 

pp . 300-302).
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Range of Differences Between the Parallel
Forms in the Four Strata

strata Criteria Difference

Ve r y  High Parallel (11)^

High Parallel (1

fhin 
etween

w i thin
V ariance of covariances between

High
Me a n  p values 
V ariance of p values 
Variance of item variances 
M e a n  of rpyariance w i thin 

f  between
s w ithin 
s between

.001 - .003 

.0 - .004

.0 - .002 

.005 - .019 

.011 - .042 

.0 - .0001 

.0 - .0

.005 - .009 

.0 - .014

.0 - .003

.0 - .023

.014 - .025 

.0 - .001 

.0 - .0004

Mo derate Parallel (10) M e a n  p values .010 - .014
Variance of p values .0 - .004
Variance of item variances .0 - .001
Me a n  of covariance w ithin .011 - .023
M ean of covariance between .0122- .045
Variance of covariances w i t h i n  .0 - .0007
Variance of covariances between .0 - .0006
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Table IV
(con't)

Strata Criteria D l f :eren :e

Ac c eptable (14)^
Me a n  p values

Low H i ch 
.015 - .0:5

Variance of p values .001 - .00 3
Variance of item variances .0 - .00:
M ean of covariance within .00: - . o r
M ean of covariance between .01: - .03"
Variance of covariances within .0 - .C'>
Variance of covariances between .0 - .:

Numbers in parentheses Indicate the available nusber c : : .r 

tests from wh i c h  the five pairs that represented that stratir; wer, 

selected.
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Range of Differences Between the Parallel
Forms in the Four Strata

Strata Criteria D ifference

Very High Parallel (11)^ Low High
M e a n  p values .001 - .003
V a riance of p values .0 - .004
Variance of item variances .0 - .002
M e a n  of covariance w i thin .005 - .019
M e a n  of covariance between .011 - .042
V a r iance of covariances w i thin .0 - .0001
V a r iance of covariances between .0 - .0

High Parallel (12)® M ean p values .005 - .009
V a riance of p values .0 - .014
Variance of item variances .0 - .003
M e a n  of covariance w i thin .0 - .023
M e a n  of covariance between .014 - .025
Variance of covariances within .0 - .001
V a r iance of covariances between .0 - .0004

M o derate Parallel (10)^ M e a n  p values .010 - .014
Variance of p values .0 - .004
Variance of item variances .0 - .001
M e a n  of covariance within .011 - .023
M e a n  of covariance between .0122- .045
Variance of covariances w ithin .0 - .0007
Variance of covariances between .0 - .0006

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table IV
(con't)

C riteria Difference

A cceptable (14)^ L o w  Hig h
M e a n  p values .015 - .025
Vari a n c e  of p values .001 - .003
Variance of item variances .0 - .002
M e a n  of covariance within .002 - .010
M e a n  of covariance between .014 - .038
V a riance of covariances within .0 - .00
Va riance of covariances between .0 - .0

N umbers in parentheses indicate the available number of p a rallel 

tests fro m  w h i c h  the five pairs that represented that stratum were 

selected.
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The second sample to be  drawn was that which represented the 

range of me a n  KR-20's, the second level of the independent variable. 

The V e r y  H igh m e a n  KR-20 s t ratum was defined as those pairs having 

a me a n  KR-20 of .85 or higher; the High stratum consisted of those 

pairs having a m e a n  KR-20 of .79-.84; the Moderate stratum consisted 

of those having a KR-20 of .73-.78; and the Acceptable stratum 

consisted of those w ith a mean KR-20 between .60 and .72, In a d d i ­

tion, if the K R - 2 0 ’s from the two tests differed by more than .10, 

they w e r e  not included in the sample, since they seemed to differ 

so much from one another that their values, taken separately, 

wo uld have clearly put each into a different stratum. The Very 

High s t ratum contained 25 pairs, the High contained 14, the Moderate 

had 18, and the Acceptable contained 23 pairs, for a total of 80 

pairs wh i c h  met the KR-20 criteria and w h ich had not already been 

selected for the parallel forms sample. Shown in Table V is the 

range of me a n  KR-20's obtained for each stratum, along with the 

criterion for selection that was used for each stratum.

The third level of the independent variable was the sample 

that represented the range of kappas. The Very High stratum of 

the kappa sample consisted of those pairs having a value of kappa 

be tween .60 and 1.00; the High stratum consisted of those with 

kappa of .50-.59; the Moderate, those pairs with a kappa of .40- 

.49; and the Acceptable stratum those pairs w ith a kappa of .30- 

.39. Nine test pairs wer e  eligible for inclusion in the Very High 

stratum, 18 for the High, 24 for the Moderate, and 26 for the
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Acceptable stratum. Shown in Table VI  is the range of kappas for 

each stratum, along w ith the criterion for the section that was 

u sed for each stratum.

Table V

Range of KR-20's for the 
Four Strata

Group Difference

Ve r y  High Mean KR-20 (25)"

Criterion for selection 

Obtained range

L ow High

.85 - 1 

,85 - .910

High Me a n  KR-20 (14)^

Criterion for selection 

Obtained range

,79 - .849 

.795 - .840

Mo derate M e a n  KR-20 (18)^

Criterion for selection 

Obtained range

.73 - .789 

.73 - .75

Acceptable Mean KR-20 (23)^ 

Criterion for selection 

Obtained range

.6 - .729 

,675 - .705

Numbers in parentheses indicate the available number of mean 

KR-20 pairs from which the five pairs that represented that stra­

tum w ere selected.
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Table VI

Range of Kappas for 
the Four Strata

Group Difference

Very High M ean Kappa (9)^ Lo w  High

Criteria for selection .6 -1.00

Obtained range .62 - .73

H igh Me a n  Kappa (18)^

Criteria for selection .50 - .59

Obtained range .52 - .56

Moderate M ean Kappa (24)^

Criteria for selection .4 - .49

Obtained range .40 - .49

Acceptable M ean Kappa (26)^

Criteria for selection .3 - .39

Obtained range .31 - .37

Numbers in parentheses indicate the a v a ilable number of 

kappas from which the five pairs that r epresented that stratum 

w ere selected.
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To summarize, the characteristics of the obtained samples 

h ave been presented. The three samples met the criteria for 

selection; one represented the range of parallel forms; one 

represented the range of m e a n  KR-20's; and one represented the 

range of kappas. The criteria for inclusion in the four strata 

w i t h i n  each sample were also met.

Part III, Results of the Analyses

Since the focus of this research was on the p o ssible differ­

ences in estimation of reliability that the three methods might 

produce, an analysis of variance was performed on the KR-20 

coefficients and the kappa coefficients, the dependent variables, 

for each of the three groups. The null and research h ypotheses to 

be tested were:

(14)

3 .2
"l' KR-20 " ^'KR-20^ ^ °

w h e r e  1 = level of the independent variable representing the range 
of parallel forms

2 = level of the independent variable representing the range
of mean KR-20

3 = level of the independent variable representing the range
of kappa

"o: :'l,< = :'2,K = :'3.K (16)

H.: E (y - p. )^ #  0 (17)1 j=l 3 »'̂ <
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w h ere 1 = level of the Independent variable representing the range 
of parallel forms

2 = level of the independent variable representing the range
of me a n  KR-20

3 = level of the independent variable representing the range
of kappa

In Table VII are shown the results of the ANOVA which

addressed the question of whet h e r  or not there was a difference of

the mean KR-20's for the three groups. As can be readily observed, 

the differences between the m e a n  KR-20's for the three groups was 

not found to be significant at the .05 level. The three group 

m eans and standard deviations are shown in Table VIII.

In Table IX are shown the results of the A N OVA which 

addressed the question of w h ether or not there was a difference of

the me a n  kappas for the three groups. As shown in the Table,

there was a difference w hich was significant beyond the .05 level. 

The three group means and standard deviations are shown in Table X.

Table VII

R esults of the AN O V A  to Test the 
H ypothesis that the Means of the Mean 
KR-20's for Three Groups Were Unequal

Source Sum of Squares df Me a n  Square F Probability

Between .02 2 .01037 1.311 .28

W i thin .45 57 .0079

Total .47 59
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Table VIII

The M e ans and Standard Deviations 
of the M e a n  KR-20 for Each 

L e vel of the Independent Variable

Size M e a n Standard Deviation

1, Parallel Forms 20 .740 .0888

2, KR-20 20 .786 .0780

3, Kappa 20 .761 .0987

Table IX

R e sults of 
H ypothesis 
for Three

the A N O V A  to Test the 
that the M e a n  Kappas 
G roups W ere Unequal

S ource Sum of Squares df M e a n  Square Probability

Between .158 2 .07899 5.728 .0054

Within .786 57 .01379

Total .944 59
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T he Me a n s  and Standard Deviations 
of the Kappas for Each 

Level of the Independent Variable

Group Size M e a n Standard D e v iation

1, Parallel Forms 20 .3815 .1174

2, KR-20 20 .4750 .1036

3, Kappa 20 .5010 .1297

In order to detect w h i c h  of the group means was producing the 

significant results, the T ukey m e thod for comparing the differences 

between means was used. The results are shown in Table XI.

Table XI

Results of the T u key Post Hoc Method of 
Comparing the D i f ferences Between the Kappa 

Means for the Three Groups

Population Sample Confidence
Contrast Constrast Interval* Significant

"l.K " ^2, k
-.0935 -.0039, - .1831 yes

"l,< - "3,K -.1195 -.0300, - .2091

^ 2 , k
-.0260 -.1156, +  .0636

*1 - a / j , j C n - l ) ( M S w / n )  = (.3,405) (.0263) = .0896
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T he T ukey method thus revealed that both group 2, the me a n 

K R - 2 0  group, and group 3, the kappa group, differed from group 1, 

the parallel forms group. However, groups 2 and 3 did not differ 

f rom each other.

To summarize, the results of the A N O V A  to test the difference 

b e t w e e n  the means of the m e a n  KR-20's for the three groups 

revealed no s ignificant d i f f erences at the .05 level. The A NOVA 

to test the differ e n c e  b e t w e e n  the m e a n  kappas for the three 

groups showed a s ignificant differ e n c e  b e yond the .05 level. The 

T ukey r.ethod for post hoc comparisons showed that both the KR-20 

group m ean and the kappa group m e a n  differed from the parallel  

forms group mean. The null h y p othesis of equal means for the 

K R -20 group and the k appa group was not rejected.
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Discu s s i o n  and Conclusions

Th e  p u rpose of this research was to examine three reliability 

es t imates to find out w h ether or not they wo u l d  p r o d u c e  diffe r e n t  

e s t imates of the reliability of a set of crit e r i o n - r e f e r e n c e d 

tests. Thr e e  samples w e r e  selected, r e p r esenting the range of 

a cc e p t a b l y  reliable parallel forms, mean K R -20 reliab i l i t y  

coefficients, and k appa coefficients. Anal y s i s  of va r i a n c e  p r o ­

c edures w ere used to test whether or not the m ean KR- 2 0 ' s  for the 

three groups w ere different and to test whe t h e r  or not the m e a n  

k a ppas for each group w e r e  different. The finding was: 1) the

m e a n  of the kappas did differ beyond the .05 level of significance.

T he p u r pose of this chapter is to discuss .tliose results, to 

p r esent some tentative conclusions, and to suggest further r e ­

search, Part I discusses the results of the two A N O V A ' s  in r e lation 

to the resultant samples w h ich w ere analyzed. Part II p r esents 

the conclusions. Part III describes further r e search w h i c h  needs 

to be done.

Part I, Sample S election Procedures and the A N OVA's

P a r a l l e l forms s a m p l e . As indicated in the p r o cedures 

section, the parallel forms sample was selected from the test 
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pa i r s  that r e p resented an a c c eptable range of parallelism. The 

c r i t e r i a  for pa r a l l e l i s m  w ere those developed by Horst (1966);

1. Each test h ad the same number of items,

2. The m e a n  item d ifficulties w ere equal.

3. T he dispersions of item difficulties were equal.

4. The v a riances of the item variances we r e  equal,

5. T he means of the inter^-test item covariances w ere 
the same betw e e n  tests as wit h i n  tests.

6. T h e  varia n c e  of the d i stributions of these cov a r i ­
ances w e r e  the same b e t w e e n  tests as wit h i n  tests.

In fact, the tests w hich were selected to represent the range of

a c c e p t a b l e  para l l e l i s m  w e r e  selected on the basis of criteria (1)

and (2). T wo facts accounted for this; 1) "Equal" for criteria

(2) through (5) was difficult to define. For the case of criterion

(2), the m e a n  item difficulties were equal, a difference of no m o r e  

than .02 (with rounding) b e t w e e n  two p-vnlues w as tolerated. 2) 

On l y  47 of the 136 test pairs met this criterion. For c r iteria

(3) through (5), all differences w ere tolerated, and the criteria 

w e r e  c o n s i d e r e d  to be met. Table IV presented the differences  

that w e r e  obtained for the various criteria, and it can be seen 

that they ranged from 0 to .045. Further, the largest d i f ferences  

that we r e  obtained were those described by criterion (5), the 

m e a n s  of the i nter-test item c ovariances we r e  the same bet w e e n  

tests as w i t h i n  tests. T he differences that were obtained are 

sh o w n  in T a ble XII.
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Ta b l e  XII

R a nge of Diff e r e n c e s  for M e a n  of Covariances  
B e tween and W i t h i n  Tests for the Four 
Strata of the P a rallel Forms Sample

V e r y  High H igh M o d e r a t e Acce p t a b l e

Covar i a n c e
W i t h i n .005 - .019 .0 - .023 .011 - .02.3 .002 - .010

C o v ariance
B etw e e n .011 - .042 .014 - .025 .012 - .045 .014 - .038

The d i f ferences in the c ovariances betw e e n  the tests are p o inted

out for special consideration, b e cause they r epresented the largest

d iffer e n c e s  that w e r e  found, and they can be considered to go

be yond the criteria n e cessary to estimate reliability. Horst

points out one could construct tests measu r i n g  numerical ability,

s p atial ability and verbal ability and meet criteria (1) through

(4). In other words, one could reliably estimate test-retest

r e l i a bility if para l l e l  forms m et those four criteria. H orst

(1966), however, goes one step further in d emanding that the mean

c o v a r iances b e tween and w i t h i n  test be equal. He states:

Obviously, if w e  impose this further condition 
w e  do not get the u n a c ceptable state of affairs 
w here an arithmetical, a verbal, and a spatial 
test can be parallel forms of the same test...
Clearly, the a v erage covariance of arithmetic
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items w o uld not be  the same as the average 
covariance between a r i thmetic and space 
relations or v e r b a l  items. T h e s e  latter 
average covariances wo u l d  in general be 
less (p.302).

In other words, the c r iterion that the m e a n  covariances between  

and w i t h i n  tests should be equal is one that relates to validity 

rather than to reliability. If one is w i l l i n g  to accept this 

conclusion, then the pa r a l l e l  forms sam p l e  did meet the criteria 

of p a r a l l e l i s m  reason a b l y  well. No differ e n c e s  greater than .023 

existed in the sample.

M e a n  KR-20 s a m p l e . Af t e r  the parallel forms sample was 

selected, 80 test pairs r e p r esenting the range of acceptable mean 

KR-20's were available for sampling. As indicated in the Procedures 

section, m e a n  KR-20's we r e  obtained in order to have one coefficient 

for each test pair. For the KR-20 sample, the KR-20's for the 

tests comprising a pair w e r e  not allowed to differ by more tlian .10, 

s ince a difference of that ma g n i t u d e  w ould h a v e  clearly put the 

separate KR-20's into two d i f ferent strata. This last criterion 

wa s  used for the selection of the K R -20 sample, however, but did 

not apply to the m e a n  KR-20's w h i c h  we r e  c o mputed for the parallel 

forms sample nor for the kappa sample. For this reason, which will 

be  discussed more thoroughly below, info r m a t i o n  w as probably lost 

about the KR-20's of the other two samples. For example, if one 

of the test pairs in either of the other samples had one KR-20
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of .90 and one of .40, the resultant m e a n  K R - 2 0  wo u l d  be ,65 

wh ich wo u l d  not be very reflective of e i ther of the real values.

In fact, differences in the two KR-20's g r e ater than .10 occurred 

in four pairs in the kappa sample and in s ix pairs in the parallel 

forms sample. To correct this problem, the K R -20 could have been 

computed for all 10 items of the two tests w h ich comprised each 

of the test pairs.

K a ppa s a m p l e . After the p a r a l l e l  forms sample and the mean  

K R-20 sample were selected, there re m a i n e d  77 test pairs r e p resent­

ing the range of acceptable kappas. No  prob l e m s  existed in the 

de f inition or selection of this sample.

To summarize, the parallel forms sa m p l e  did meet the criteria 

of equality across 1) average p-values; 2) vari a n c e  of p-values;

3) variance of item variances; 4) m e a n  of covar i a n c e  wit h i n  tests. 

Al t h o u g h  differences as large as .045 existed tween the means of 

the covariances between tests, this c r i t e r i o n  was considered to 

be of minimal importance b e cause of its r e l a tionship to validity 

rather than reliability. The sample of parallel forms was 

considered to be representative of p a r a l l e l  forms. The me a n  KR-20 

sample was representative of the KR-20's. Some loss of i n forma­

tion about the KR-20's of the other two samples probably occurred, 

b ec a u s e  of the potential averaging of K R -20's of extremely d if­

ferent magnitudes. No problems were noted w ith the kappa sample.

A nalysis of variance of the m e a n  K R -20 ' s for each groiip. As 

shown in Table VIT the difference in the me a n  KR-20's for the three
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groups w as not found to be s i g n i ficant at the .05 level of sign i f i ­

cance. Two conclusions are possible. The effect of using the 

m e a n  of the two KR^20's for each tost pair removed the d ifferences 

that may, in fact, exist. If there are d ifferences in the K R - 2 0 ’s 

for the three groups, they w o u l d  m o r e  likely show up if the KR-20 

h ad b een computed for the 10 item set, rather than separately for 

each five item set. The o ther c o n c l u s i o n  that is possible is 

that tests w hich are reliable acc o r d i n g  to parallel forms, KR-20 

or k a ppa criteria w ill prod u c e  the same KR-20 estimates of test- 

retest reliability. The po s i t i o n  w h i c h  states that there may be 

a need to reinterpret the reli a b i l i t y  c o efficients for use with 

criterion-referenced tests wo u l d  he upheld in the sense that 

obtained values of KR-20 for criterio n - r e f e r e n c e d  tests m a y  be 

lower, but the criterion- r e f e r e n c e d  tests are probably just as 

reliable as a n o rm-referenced test r e porting a higher value of 

KR-20. The mean KR-20 of the three groups of reliable tests 

ranged from .74 to .79 whi c h  is somewhat less than one would 

r e quire for norm-referenced tests.

A nalysis of vari a n c e  of the kappas for each g r o u p. As shown 

in Ta b l e  IX the difference of the m e a n  kappas for the three groups 

was found to be significant b e yond the .05 level. In order to 

find out where the d ifferences existed, the Tukey Post Hoc method 

for comparing the differences among m eans was used. As indicated 

in Table X, both the KR-20 sample and the kappa sample differed 

from the parallel forms sample, but they did not differ from each
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other. Since these results w ere m ore conclusive that those 

I obtained from the A N O V A  p e r formed on the me a n  K R - 2 0 ’s, they w i l l

be  d i s cussed in Part II.

Part II, Conclusions

T he careful d evelopment of parallel forms ac c o r d i n g  to the 

; c r iteria set forth by Paul Horst wo u l d  seem to be effort w a s t e d

in the case of short, c r i t e r ion-referenced tests. F or example, 

if one had used the criteria for parallel forms to be  the 

de t e r m ination of the reliability of these test pairs, only 77 of 

the 136 test (59%) pairs could hav e  be e n  utilized. Further, a 

user of those p a rallel tests would have bee n  disappo i n t e d  in the 

results, since the consistency of decisions about examinees for 

those tests was less than that for either the parallel forms 

sample or the K R-20 sample. These criteria for* para l l e l  forms 

need further i n v e stigation with longer, norm-re f e r e n c e d  tests to 

de t e r m i n e  their usefulness and also to determine the r a nge of 

values for each of the criteria wh i c h  could be interpreted as 

bei n g  "equal."

Two further conclusions, based upon the practical, can be 

offered. If one has developed randomly parallel c r i terion-  

referenced test, i.e., a set of items me a s u r i n g  a specific 

o bjective which have been randomly assigned to two or m ore tests, 

then the decision to be made is w h ether to use KR-20 or kappa.

1 KR-20 is the more commonly reported and its q u a lities are m ore

i

i g  I
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f a m iliar to researchers. For those reasons. It may be prefe r r e d 

to kappa. However, If, as these data show, and t h eoreticians have  

m ainta i n e d ,  obtained values of KRi-20 need to be r einterpreted in 

the con t e x t  of c riterion-referenced testing, then K R - 2 0  m a y  h old 

lit t l e  advan t a g e  over kappa. Kappa Is readily I n t e rpretable as 

the c o n sistency of decisions m a d e  across two tests, a fter the 

e ffects of chance h ave b een removed. P a r ticularly at the cl a s s ­

r o o m  level, kappa Is m ore easily computed than is KR-20, The 

r e s e a r c h  a u dience needs to develop an  Intuitive feeling for the 

m e a n i n g  of the various v alues w h ich kappa can aqulre. F u rther 

r e s earch needs to be done In order to establish what levels of 

kappa are desirable. This will be discussed in mor e  detail In 

Part III.

In summary, the conclusions derived from this study are the 

following; 1) If one Is Interested in developing p a r allel 

c rite r i o n - r e f e r e n c e d  tests, using the parallel forms criteria 

d e s cribed by Pau l  Horst (1966, p p . 301-303) requires too great an 

e xpe n d i t u r e  of energy for the value received; 2) there Is not 

eno u g h  evidence from this study to indicate that c o n sistency of 

d e c isions about masters and nonmastcrs across parallel tests, as 

meas u r e d  by kappa, wo u l d  indicate h o m o geneity of Items w i t h i n  or 

b e t w e e n  tests; 3) both kappa and KR-20 have a d v antages and 

d i s a dvantages In the reporting of their values.
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P a r t  III, Suggestions for Further Research

A s  indicated above, further research needs to be d one u s ing  

the K R - 2 0  coefficient c o mputed across the items of two or mo r e 

r a n d o m l y  p a rallel tests and the kappa computed for those tests, 

in o r der to determine the r elationship between KR-20 and kappa. 

T h e  qu e s t i o n  to be addressed is, "Does one h ave certain knowl e d g e  

of the consistency of decisions that w i l l  be ma d e  a c ross two or 

m o r e  tests, if one has k n o wledge of the level of homo g e n e i t y 

(KR-20) of those two tests?"

T h e  other large topic for future research is that of the 

b e h a v i o r  of kappa under v a rying conditions. Ifhat level of kappa 

is desirable, in order to say that two tests are r e liable in the 

c o n s i s t e n c y  of decisions that they produce?
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