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ABSTRACT

The purpose of' this study was to .compare several criterion-referenced

reliabilitytcoefficients to the Kuder-Richardson estimates and to each. other.

The .Kuder-Richardson formulas 20 and 21, the Livingston, the Subkoviak and

two Huynh coefficients (K, k) were computed for a random sample of 33

criterion-r4erenced*tests. The Subkoviak coefficient yielded the highest,

mean value; Huynh's Kappa yielded the lOwest. The Huynh ICand k coefficients'

were highly positively correlated with the Kuder-Richardson 20 and 21

coefficients, and with each other; the Livingston and the Subkoviak indexes

were highly correlated with each other.. A'two-factor printiple .cbmponents

\-solution suggested that only the Subkoviak coefficient measured a test

charaCtekistic'that differed from the classical (KR) internaiL,consisiehcy

coefficients. r



INTRODUCTION

The reliability of a criterion- referenced test can be estimated by.'

several different methods, many derived from differing theoretical frameworks

and assumptions. Popham and Husek (1969) and HaMbleton, and Novick (1973)

pointed out that classical,estimates of test reliability day beinadeqUate

for tests designed for criterion-referenced interpretations or mastery

decisions: Livingston (1972) proposed a criterion-referenced reliability.

.

Coefficient derived from a redefinition of classical measurement theory in

terms of observed-score deviations from the criterion score. .The Livingston
,

coefficient subsequently drew criticism from some researchers (Harris, 1971;

Hambleton and Novick; 1973). 'Other.researchers (Hambleton'and Novick, 1973;.

Swaminathan,Jiambleton, and Algina, 19.74) have proposed two-administration

i

consistency-of-mastery-decision in xes as appropriate reliability coefficients
. .

for criteridn,referenced tests. 5t411 others have presented single-administration

indexes of consistency -of- decision reliability (Marshall and Haertel, 1975;

Subkoviak, 1977; Huynh, 1977).

'Single Administration Reliability Coefficients'

The Kuder- qichkrdson Formula 20 reliability coefficieht (Kliddr and

Richardson, 1937) is given by:

rxx
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The Kuder-Riehdsoil.FOttirla 21 reliability coefficient (Kuder and

, .

Richardson, 1937) is-given'by:
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where:

X = test mean

_

Livingston (1972) derived a criterion-referended reliability cb-
A
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!.

efficient as a' correction of classical reliability:
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= classical test reliability

C = criterion score

It should be noted that if R = C, i will, of course, be.equal to r
cc xx*

(3)

r
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The Subkoyiak group coefficient of agreement (Subkoviak, 1977) is the.

mean of-the individual/ coefficients of agreement' (p')

E Pi
c

N

where:

(4)

P
c

= the coefficient of agreement
1

for person i.

Huynh (1977) piavaes ,two consistency of classifidation indexes:
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TWECTIVES:OF THIS STUDY-
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0
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I- A

his study proposed to compare empirically the six single-administration

reliability coefficients for their usefulness in criteriori-referenced testing.-

1. ,The Kuder-Richardson 20 coefficient

`..
9

The Kuder- Richardson 21 coefficient

4 3. The Livingston (r
cc

) coefficient

4. The Subkoviak (Pc) Group Index of Consistency

5. The Huynh Index of Consistency (K)

6. The Huynh Ihdex of Consistency (k)

.1

2Huynh presents formulas for the estimation of p11 and plbased on abeta-

binomin0.1 model. .

3p and p are evaluated by referonce. to univariate and bivariate normal

tales, dter Gupta (1963).
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Data Source

The data for this study were 33 achievemerit examinations; these examinations
41

represent a random sample of.objective format (three-to-five option multiple-

choice) criterion-referenced (mastery) examinations from undergraduate teacher

education classes, medical school claSses and state-wide assessment tests.

The number of examination items ranged from Sato 143, with a mean of 38.9

items. The number of subjects ,taking these tests ranged from 5 to 1110

with a mean of 209.9. These examinations had standard deviations' from 0.98 to

12.19. Ayerage item difficulty was .26 (proportion incorrect) with a range

of .12 to .4/ while average item discrimination (D) was .24 with a range of

.14 to .47.

Methods :

Each of the six relialbility coefficients was computed for each examination.
.

The Kuder-RichardSon 20-reliability coefficient (and otl r standard item

analysis data) were computed for these exams by standard scoring routines.

All other reliability coefficients were cOmliuted by a special computer program

written for this-tudy. ACorrelational analysis was then carried out ol0

these data; addit,ionally, a factor analysis was performed to determine the

uniqueness'of coefficient,contilbution-tothe toial-vaiiance.

Results

Table 1 sholig that fhe Huynh K. has, the lowest absolute numerical-mean

value, while Subkoidak s Pc hawhe highest numerical mean value. Table 2

presents the inter-correlation of these reliabi'lity coefficients.

4The authors wish' to acknowledge Mary Yuen-for peogramming assistance.
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Table 1

.Reliability Coefficients fdr 33 Tests

Coefficient Mean S.D. Range

KR20 .544 .226 .195 to .923

KR21 .350 .359 -.358 to .870

Kappa (K) .241 .257 -.177 to .680

Kappa estimate (k) .322 .205 .Q63 to .644

r
cc

'.605 .275 -.064 to .900

P
c

.862 .108 .580 to .975

-N,

Fable '2

Correlation Matrix of Coefficients

KR20 KR21 cc
P

KR20

KR21

K

k

r
cc

P
c

1.0

.949

.961

'.974

.693

.393

1.0

.978

.996

.644

.298 -.

4

1.0

.993

.590

.226

Q-

1.0

.562

.147*

1.0

.833 1.0

*NSLall others; p < .10

s>.



A 1)rincipld components factor solution and an orthogonally

rotated factor solution are presented in Tables 3 and 4. Factor 1 (unrotated)
,

/
accounts for 73.4 percent of the total variance while the second factor

accounts for 25.4 percent of the variance.

Table 3

Principle Factor Solution

n = 33 Exams

Factor 1 Factor 2

'KR20' 49728

KR21 .9761

K .94111 .

k T<, .9782

7162
cc

Pc .3466

-.1075

-.2026

-.3120

- .208.4

. 6794

. 9090

Table 4

V4iimaxRcitated Factor Solution

.7.:KR20

KR21

K

46

r

n = 33 Exams

Factor factor 2

.9442 .2575

.1702

.9055 .0578,

.9864. .1656

.4165 .8950

-.0116 .9727
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The principle components analysis suggests that the Huynh coefficients

(K afid-k) and the Livingston Coefficient (rcc) share a great deal in common

with the classical. Kuder-Richardson internal consistency reliability

estimates, while the Subkoviak coefficient appears to be indexing a test quality

that differs from the Livingston/Huynh/Kuder-Richardson_ formulas.

Discussion

Since all coefficients except the Subkoviak Pc load on the (unrotated)

internal consistency factor in this study, it appears that for criterion -

referenced tests like those in this sample,. i w uld make little difference

whether one uses a classical reliability, estimate, the-Huynh indexes,-or

the Livingston coefficient to assess overall examination quality. All of

these coefficients appear to be indexing very similar test qudlities and one,'

therefore,- has a basis for arguing that.the.classical coefficients are as

appropriate for criterion-referenced tests is the Huynh or Livingston criterion-

referenced indexes.

The Livingston Coefficient, rcc, derived directly from classical test

theory, loads on both factors and loads highest in the Varimax solution on

the Subkoviak factor. This suggests that the Living'ston coefficient may be
4

intermediate to the classical and The'criterion-referenced coefficients. This

result also suggests that the 'Livingston r
cc

may be more-useful for criterion-

referenced reliability than its critics .have allowed.

The Subkoviak coefficient does seem to be indeXinka test attribute

different from the other coefficients considered. Therefore, it maybe

rcessary and desirable to compute both an internal consistebcy reliability

,.estimate (or K) and the Subkoviak Pc or the Livingston rcc for criterion-
4

referenced tests. Yet, these results do support the usefulness of. the

0



familiar Kuder-Richardson formula 21 coefficient with criterion-referenced

examinatios This finding may enc ourage the crterion-referenced examiAtion

user who does not have access to sophisticate d computer facilities.

Further Research

The generalizability of the findings in this study is possibly limited

by the heterogeneity of the tests in this sample with respect to test length.

Further research is ind(cated, with larger samples of tests that are more

homo eneous with respect to test length. Additionally, it is important to

attem t to replicate these results for various homogeneous ranges of item

difficulties and discriminations.'

11.
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