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Practical Procedures for Increasing
Reliability of Classroom Tests by Using the Rasch Model

Joseph P. Ryan Debra W. Hamm
College of Education, University of South Carolina

Introduction

This paper investigates the use of a Rasch latent trait model as a means of
eliminating items from a teacher-made test in order to increase the internal con-
sistency reliability of the test and to clarify the factor structure of the items.
The latent trait model applied in this study is that proposed for the analysis of
dichotomously scored data by Rasch, (1960, Chapters V, VI) and expanded uﬁon by
Wright (1967) and Wright and Panchapakesan (1969). The procedure described here
contrasts the Rasch model to the procedures prescribed by classical test theory,
which suggests that test reliability is increased by adding items to a test.

The classical perspective assumes that a‘i itéﬁs are parallel, have the same
ratio of true score information relative to er?or score information, and that error
score variance is randomly distributed with a mean of zero. From these assump-
tions one can easily demonstrate that increasing test length n times increases true
score variation as the square of n and error variance only as n (Gulliksen, 1950;
Magnusson, 1966; Lord and Novick, 1968). 1In short, classical test theory suggests
that all items add true score information faster than they add error score informa-
tion.

In contrast, the Rasch model argues that test items are not necessarily
parallel and consequently some items more accurately manifest the latent trait
being measured than other items. When some items do not measure the same trait,
error information will differ among items which necessarily implies that at least

some items will add error information faster than true score Iinformation.
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Items which do not fit the Rasch model are those which add error

information at a higher rate than the rest of the items on the test. Conven-
ient algorithms for identifying such items are described by Wright and Pancha-
pakesan (1969) and Wright and Mead (1975). Eliminating items that do not

fit the Rasch model should increase the reliability of a test because it will
delete non-parallel items, the items with greatest error variation.

Magnusson suggests the reasonableness of this assertion when he writes:

The internal consistency coefficient we obtain from KR20 will

therefore be directly dependent on the correlations between

the items in the test, i.e., on the extent to which the items

measure the same variable. The more homogeneous the items are,

the greater the numerical value of KR20 will be for a given

number of items in the test (p. 119).

If deleting the items which do not fit the Rasch model makes the test
items more homogeneous and increases the test reliability, some manifestation
of these changes in the test should be apparent in the factor structure of
the test items. The first factor should become more pronounced. In
particular, the proportion of total test variation accounted for by the
first factor should increase after the items which do not fit the Rasch
model have been deleted because the remaining items will contain more

true score information and will thus more accurately reflect the latent

trait measured by the test.

Instruments and Sample

The results of eight teacher-made tests are used to examine the issues
raised in the introduction. The tests were designed by the authors for a
required graduate course in Educational Research Methods in the College of
Fducation at the University of South Carolina. All tests consisted of
four-option multiple choice items and were administered to two hundred stu-

dents enrolled in the course during the Spring semester of 1975. Five of the
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tests were formative tests (FT) used for diagnostic purposes and the other
three were summative examinations (SE) used for grading purposes. The tests

varied in length from 15 to 50 items.

Procedures

The reliability of the eight tests is analyzed in five ways. First,
for each test the Kuder-Richardson Formula 20 index of reliabiliéy is
calculated. Second, a Rasch item analysis is performed on each test using
the Calfit program of Wright and Mead (1975). Ivems which do not fit the
model, according to a ¢hi-square test of fit, are eliminated from each test.
Tor each test, revised by eliminating the items that did not fit the
Rasch model, the KR20 index of reliability is calculated. Third, a princi-
ple components factor analysis is performed. The KR20 is then calculated for
the test by considering only the items which load on the first factor.

A direct comparison of the KR20 calculated on the three versions of the
eight tests describgqlfhus far could be misleading, since the texts in steps 2
and 3 differ in the number of items each contains and are shorter than the
original test. Consequently, the reliability of these two tescs are adjusted
using the Spearman-Brown formula so that they are comparable to a test as long
as the original test. Five KR20 reliability coefficients are calculated for
each test. These are calculated for 1) all items on the original test, 2) the
items which fit the Rasch model, 3) the items which fit the Rasch model coerrected
for the test length, 4) the items which load on the first factor, and 5) the

items which load on the first factor corrected for the test length.
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The effects on the factor structure of deleting the items which do not-

fit the Rasch model will be investigated by comparing the proportion of

variance accounted for by the first factor using three sets of test items.

For each of the eight tests, the analysis will be performed on 1) all itens

on the original test, 2) the items remaining on the test after the items

which do not fit the Rasch model have been deleted, and 3) the items which

load on the first factor of the initial factor analysis for all the items.

Results

The five KR20 coefficients for each of the eight tests are shown in

Table 1.

on the test.

In parentheses to the right of each KR20 is the number of items

KR-20 RELIABILITY COEFFICIENTS

Table 1.
Rasch Rasch Fifting First First Factor

Original (Fitting Ttems Adjusted Factor Ttems Adjusted
Test Test Items For Test Length Ttems For Test Length
FT 11 .629 (15) .622(14) .638 467(4) .766
FT 2 |.808(30) }|.798(23) .837 .766(11) .899
FT 3 {.737(20) 7.769(17) .796 .700(11) .809
FT 4 |.741(20) |.792(18) .808 .688(9) .831
FT 5 |.528(15) |.697(13) .726 .767(6) .893
SE 1 |.890(50) |.910(46) 916 .738(10) .934
SE 2 |[.809(30) [.858(27) .870 .835(19) .889
SE 3 [.798(40) |.830(37) .841 .461(11) .757




The data in Table 1 shows that generally the highest reliability is
achieved for the set of items that remain after deletion of items that do not
fit the Rasch model. 1In all but two cases, FT 1 and FT 2, the test shortened
bv the removal of the Rasch hisfitting items is more reliable than the longer
original test. For FT 1 and FT 2 the difference between the reliability of
the original test and the Rasch fitting test is almost negligible-.

The reliability of the test composed only of items which load on the
first factor is extremely high when one considers how few items there are
on these tests. In one case (FT 5), the reliability of the first factor
test is greater than the reliability of the original test and the Rasch
constructed test. However, in all tests but FT 5, the reliability of the
original test is greater thar the reliability of the first-factor test.

When the tests are adjusted so that the reliabilities are comparable
to tests equal in length to the original, tests formed by the items loading
on the first factor are the most reliable. The tests composed of the 1items
that fit the Rasch model adjusted for test length are more reliable than
the original test, but not as reliable as the adfusted first-factor test.

The proportion of variation accounted for by the first factor of the

three sets of items for the eight tests is shown in Table 2.
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Proportion of Variation
Accounted for by the
First Factor

Table 2

Rasch First
Original Fitting Factor

Test Items " Items | Items
FT 1 17 .18 A7
FT 2 .18 .13 .36
FT 3 .11 .20 .28
FT 4 .20 .21 .33
FT 5 .24 .29 .61
SE 1 .19 .21 .39
SE 2 .21 .23 .30
SE 3 .15 .15 .36

It is not surprising to note that the test composed of items which
load on the first factor of the original factor analysis have a well
defined first factor. For all eight instruments, the first factor of
these tests accounts for a higher proportion of variation than the first
factor of the original tests and the first factor of the tests composed
of items which fit the Rasch model. The first factor of the Rasch
fitting items accounts for a slightly higher proportion of variation
than the first factor on the original tests for each of the eight tests

examined here.




NDiscussion and Implications

The preceding analyses generally support the suggestion that deleting test
items which do not fit the Rasch model increases the reliability of the test
and results in a more pronounced first factor. The magnitude of the improve-
ments obtained by applying the Rasch procedure are not particularly striking
but are notable because classical test theory suggests that reliability is
increased by adding items to a test. The classical theory offers this suggestion
based on the assumption that the additional items are parallel to the existing
items. The validity of this strong assumption can be tested by the Rasch
procedure. 1In a sense, the Rasch analysis produces a 'longer' test in
that more of the items on a test are parallel to each other after the items
which do not fit the model are deleted.

The results of the study also show that the items which load on the first
factor of a test have the characteristics predicted by classical test theory.
The items that load on the first factor are exéremely homogeneous and show a
high degree of reliability., It is important to point out, however, that item:

~

}hich load on the first factor do not necessarily measure a unidimensional
/’trait. Subsequent Rasch analysis of the items which load on the first factors
of the original tests indicates that the factors do not form unidimensional

tests.

By way of qualification, it is important to point out that some of the
items that did not fit the Rasch model would also have bean deleted from the
test on the basis of a classical item analysis. However, several items which"
did not fit in the Rasch analysis had very high item discriminations and

clearly loaded on the first factor (loading on the first factor is operationally

defined as a factor loading of .30 or better with no loadings on other factors
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exceeding this value). Thes= items would almost certainly be retained on a
test analyzed by classical test theory procedures.
In summary, the procedure described in this paper of fers practical advice
to a teacher who has given a test and wishes to maximize its reliability.
The teacher might be interested to know that adding additional paréllel items
to the test will theoretically increase its reliability the next time it is used.
For a teacher who wishes to score students on a test that they have already

taken, however, it is more useful to provide a procedure that can increase the

reliability of the test by deleting items from the existing data set.
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