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.30 or more. Nevertheless, KR21 was a good estimate of KR20 when the’
range of item difficulty was relatively narrovw. Implications for\test,
selection are suggested. When KB21 has been used to estimate a test's
reliability, the user should note that the test has a lower bound of
internal consistency reliability, particularly when the iteas
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) ,Diff.rem;e- Between Kider-Richardson Formula 20 and Formula 21
Reliabiltty Coefficients for Short Tests with Different Item v.:ubxuua\.*
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V.oa "' Joanpne M, Let;ke. Barrie Wellens, and John H. Oswald
L ' ‘The Psychological Corporation

of the various stl“’stical methods for eattﬁuting the internal con<

T linency relubulty of a teat, the reliability eathnacu developed by Knde:

) lnd Rl.chttdson (1937) have been widely used by test makers.. The use of

t.bo Kudor-{uclurdaon reliability estimates requires only the administra~-
tion of a single teat,n‘ﬁd ‘does away with any biases that might arise when

test i- split any one of a 'number of ways, as in the split-half method.

i . | ’ . .
° | The two primary sources of error variance considered in the Kuder-Richardson )

N 4
i .,

n‘ethod are content sampling and heterogenel’ty of the measured trait, and

1
) their assumptions call for test items of equal, or nea;‘ly'edual, difficulty
li and.,, {ntercorrelation.

The most accuraie Kuder-Richardson formala, known'u K=-R 20, can be

i ‘ ,’ expruud as follows:

ftt - (‘vw)(c—‘;{‘a)

n -'tlge number of items in the test;

where
p = the proportion of correct recpo‘naes to.each item;

: q = the proportion of incorrect responses to each item
: ) )

{ .
/. . a¥ p); and - . .
~ o 0"’t ‘= the variance of the distribution of the test scores.
Ai; approximation :c; K-R 20, which assumes that all items in the test have

approximately the same diffictlty, calls for less 1nfomacion' and is

.

e
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\ o tlur.{oto much euier to calculste by hand, The slmpler £¢mnula, known

as K-Q 21, can ‘be expteued as follows:

ok (-,..,)( :!) o

A3 . 1. Tee =
vhere }‘ P = the hvernge proportlon of correct responses to
each item; and °
q = the average proportl.on of incorrect responses :!
* h . . to each itun (1-) .
Although the reliabl.llty estimate obtalned from'K-R 21 is generally lower
#than that obtained from K-R 20 by 37 -:,’, C" for a given set of items
adninuteted to a given group’ of examinees, test makers still report
K-R 21 reliability coefficients since deviations from tht; assumption of
equal item difficulty result in a reduction of the ‘coefficient, and hence
a lower bound. / T
. Of ck;urse. bo‘th'of the Kuder-Richardson fgmuldn presented here are
based on the aasumptlonu' that a uni-factor trait is .being measured and
that the test is made up of parallel items, Studies carried out to
determine the robustness of K-R 20 under violation of the uni-fac:or
assumption indicated that K-R 20 showed little bias when the tests were
relatively long (more than 18 items) and when the item intercorrelations
were low (less than .6) (Brogﬁen, 194.6). Although Kuder and Richardson
\. (1937) assumed in the derivation of their formulas that inter-item cor-
relations were ‘equalb, Jackson and Pergusc;n (1941) claimed that thg only
n;cehury assumption was that the average covariance between parallel

items be equal to the average covariance between nonpl.,rallel‘items. For

the most part, K-R 20 is considered to be a satisfactory estimate of

\

internal consisténcy reliability, if not a lower bound,
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th. add!.tional nuumption of equal item dj,ﬁﬂculcy. The results of the

“ of Porms Phase of the National Standardization Research Program for the

1976 edition of Stanford Diagnostic Mathematics Test (SDMI) conducted in

‘prerequisite to the continued study of mathematics and, as such, can be

Given the indications that K-R 20 is quite robua’r under violations
of its assumptions, the pwrpose of the preaent etudy was to inveau;ate

th. robustness of J(-R 21 as an eatmate of l(-R 20 under violations of

ltudy may also lulp to shed some light on test selection procedures when

luch prdcedutel include the examination of reliability, coefficients.

. i . . .

The data for the present study were obtained as part of the Equating

the fall of 1975. Five school systems participitod in this research phiu

and administered both 6f two parallel forms, A and B, of SDMT to the same - -
-tudentp within a three-week period. | Since tl)e order of administration of
thé two forms was counterbalanced by classroom to obrviate.puctice Aqffect,'j )
the administration of .the two pcullelifomo to the same students can be""

thought of as one long test. The data presented in this paper is limited .

to the approximately 625 eighth—grade and hlgh acrool students completlng

tho Blue Level of this "long" test.

Stanford Diagnostic Mat Mtlcg Test is designed to measure competence

in the basic skills and concepts that are important in daily anairs and

uged as %an effective instructional tool. Therefore, in addition to the : 1

- Numeration, Computation, and Applicatiops, scores are also reported on

: |
reporting of scores on each of its three subtests, Number System and - {
1

mtug!.l;y exclusive groups of ‘items within each Bubtest, These groups of

items are referred to as Concept/Skill Domains. There are 13 such domains

.

on each form of the test, or 26 in ‘all. Since scores are routinely reported ' ‘
. . . |
o v
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. ‘for each of these 'domains uéf gducational deciaions made on the basis of

e hese scores, i.t was }npeud‘ve that teliablllty estuntes be obtained for
| hne "ohott" testa. Alternnye-foma reliabillty for tl;e domains hns been
d\l.scuud elsewhere (Oswald, \\ellens, Lenke, 1977). Internal conauuney -

R i liabiltty coeiﬁeunu estimated by means of Kuder-Rlclurdaon Formulas

{ &
fov each domain, .It is 1ntex_‘eakiqg to note in ‘this table that s

) . 7 | “ cp >

“with as few as six jtems can have' relubilities in the 70's. "
g . ‘

ltq'di'fficultiea of .30 or more be designated\as having "unequal" it

,duﬁcu\lueg; those havlng.a ange of less than .30, as having ."equal'

' difﬂculues. 'ﬂiete;fo're, on- \oih I-torms A'a;a,d-B domaina i.l 1.2, 3.1

‘ and 3 3’ were designated "unequal "‘as were domains-2.8 on Form A and
Form B; the remalnlng domalns were designated "equal M &

All K-Rv20 and 21 reliability coefficients were tra,nsfon'ned to Fisher's

2 coeffi._cipnt"s and differences between these 8 coefficients determine

) for - the ""equal" and "unhqual" sets of domains. A t-test of the differenc

" e o

" between the means of these K-R 20 - K-R 21 differences for ttie two’ groups |of |

daninl was -carried out, resulting in 4 t of 3.63 with 24 degrees of free
L L .

This t value is. slgniﬁcant at # .01 level. ) ‘
g P
h A " é. 1
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.| lower bound of internal consistency reliability must - be congidered, par-

/

]
f .
4 The results of this study lndicate, therefore, that the difference

betvun K-k 20 and K-R 21 is signlficantly gteatet when the range of itemi- -

' difﬁ.culty values is ,30 or more than when the range is leu than .30.

Metthelen:, it does appear that, even for ghort tests, K-R 21 10 a goo(i
estimate of K-R 20 1if éhe range of item dlfficultiés is relatively narrow.

A(A qulcli ginnce at~'1'ab1e 1 may not br!,ﬁg thi.s. oulg quite-so. cléarly since

some of tha K-R 20 and K=R 21 coefficients "look" sufficiently close, desplte
qu.lte a broad range of item difficulty values. Since correlation coefficients
.do not ‘represent an interval scale, abso'lute differences between them are :‘mt
‘ca'nparable t;hroughout the -1 to +1 range. The closer the éorrelatlona are

to -1 or' +1, the greater the difference beltveén them really is. It is for

/
/

this ren;o:{ that differences be,fween correlations must be examined using

- Fioher 's r to 2 trmsfumattén.

. As for the pracucal tmpucar.iona of th.is s:udy, test users should take
.note of the method used to estimate a test's. teliabuity, particularly if
"high" test reliabillty ls a major criterion for test selection. If X-R

21 has-been used to estimate a test's reliability, the fact that it is'a

L 'vmf

\ticﬁlarly when the range of item difficulty is great., Table 2 demonstrates

\th&t Jlfferent test selection decisions can be made purely on the basis of

he particulnr formula used to estimate test reliability.

Beatty, L.S., Madden, R., Gardner, E.F. and Ksrlsen, B. Stanford

Qiamg ic gngg c8 Test (New York: aarcourt Brace Jovanovich,
1976). .
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N Table 1. . Kuder-Richardson Fomla.o and 21 Reliability Coefficients for Forms A and B
of d Dia, i t tics _Test Concept/Skill Domains for the Blue
- Level Equating of Forms Sample = 626), .

-

b §

, / . Namber |+ K-R 20 K-R 21 hngo
Concept/Skill/Pomain .of Reliability | Reliability of Item
' 1tems Coefficient | Coefficient |Difficulties |
P . ’ '
FORM A ' '
Number System and Numeration
Ll . & 18 .75 | | . +34-.92
102 ¥ ¢ 12 078 .76 033'068
1.3 . 6 .69 .66 - «39-.65
- - . \‘
Computation I
$
2.2 6 .65 .64 | .76-.88
: 203 9 .71 «70 ¢ 072"88
2.4 9 .80 .80 - *+65-,.83
v 2.5 9 .78 ¢ B Y «54-.80
2.6 6 .80 79 «54-,78
L7 o 3 .58 -1 «47-.66
2.8 6 «73 .68 . 46=,76
Applications i
3.1 12 - .72 W70 - . +43-.79
3.2 .9 .70 .64 .38-.89
3.3 12- .61 . .57 «39-.70
£ . :
FORM B
Number System and Numeration \
S ' . :
1.1 . 18 .76 72 27-.92
1.2 12 W77 74 .31-.71
1.3 "6 .64 o 62 . 36-.59
Computation : .
2.2 ’ : 6 a2 | 77-.87
2.3 9 1 .70. ".73-.89
' 2.4 9 80 J9 - .60-,78
2.5 - 9 . «81 .80 .48-,81
2.6 6 79 . I8 .52=.77
2.7 3 .56 © W32 ; «42-,63
2.8 6 Y. .68 .42-,70,
Applications »
3.1 12 72 .70 .38-.80
3.2 - 9 ' 74 ) .70 +39-.80
3.3

12 .62 S .52 -23-,81




‘ Table 2. Contingency Tables Showing the Number of Stanford Diagnostic
/ Blue Level Concept/Skill Domains Accepted
o - and Rejected on the Basis of Vatrious Reliability Selection
Criteria. ’ .

o7
_’ L

Criterion: 1., 3 .80

- .
.« B, _ K-R20 _ K-R2l ¥ ,
- ) . ) ’ ” Accepg 4 L 2' s ) \
'\’ Reject | 22 24 ‘
’ )
<
Criterion: rgy >I5 ‘ ' .

K-RZ0 K-R2L

Accegt | 10 7.
Fn Rejeft 16 19
‘l v , ' .’; P ) . i
B . . 'S s S Y ’
g ’ /  Criterfon: . ryy > .70
/'.' ) ‘ " .
/ K-R20 - K-R2l.
/Accept " | 19 - 16
. % / ) e ;
i Y . / Rejett 71" 10

r ”






