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ABSTRACT

Empirical results are presented as regards the
implementation of a latent-trait psychometric model by means of
conditional maximum likelihood estimation. Items are scored
polychotomously into varying nubbers of nominal categories and the
test and item characteristic curves and information functions are
examined. It is concluded that scoring items in four or more
categories, as opposed to the usual dichotomous scoring, can increase
information gain by a factor of two or more in the lower range of
ability. Thus, the error of measurement is decreased to an extent
eguivalent to doubling the test length in this range. Alternatively,
one can sample the range of ability in the target population with far
revwer items. This latter property addresses itself directly to the
empirical constraints on time and resources which are encountered in
psychological testing. (Author)

BEST COPY AVAILABLE




ED 087815

‘{3.: 8 9

003

i

I

4

O

ERIC

Aruitoxt provided by Eic:

U5 DEPARTMENTOF HEALTH.
EDUCATION 8 WELFARE
NATIONAL INSTITUTE OF
EDUCATION
THIS DOCUMENT HAS BEEN REPRO
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION DRIGIN
ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE
SENTOFFEICIAL NATIONAL INSTITUTE OF
EDUCATYION POS'TION OR POLICY
APA Symposium on the New Psychometrics
Latent ‘Trait Estimation: Theory vs. Practice
11, -
Donald Kolakowsiii

University of Connecticut

Empirical results are presented as regards the implementation
of a latent—trait psychometric model by means of conditional maximum like-
lihood estimation. Items are scored polychotomously into varying numbers
of nominal categories and the test and item characteristic curves and
infermation functions are examined. It is concluded that scoring items
in four or more categories as oppcsed to the usual dichotomous scoring,
can increase information gain by a factor of two or more in the lower
range of ability. Thus, the error of measurement is decreased to an
extent equivalent to doubling the test length in this range. Alterna-

tively, one can sample the range of ability in the target population with
far fewer items. This latter property addresses itself directly to the

empirical constraints on time and rescurces which are encountered in

psycholngical testing.
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The present study was an attemnt to bring the theoretical advantages of
latent trait estimavion and multiple category scoring to bear upon a
sractical wmeasurement problem.

These advantages inclucde a continuous interval scale of measurement which

is independent of the characteristics of the particular items employed,

and an increcase in precision due to the information recoverable from "wrong"
responses; that is, responses which subjects exhibiting high levels of the
trait in question would be very unlikely to choose. The problem in question
is tiat of measuring verbal ability in a population of rural, disadvantaged
youngsters.

The data consisted of the responses of 1,000 5th grade male subjects to a
10-item multiple choice reading subtest from the Survey Test of Educational
Achievement. It required the testee to choose synonyms for words in context
and to choose answers to questions about a short story. The test proved to
be sufficiently difficult as to elicit "wrong'' responses with better than
chance frequency. Hence, scoring the items polychotomously held promise of
recovering considerable information which would otherwise be discarded.
However, there was no substantive or structural basis on which to rank the
wrong alternatives. Therefore, the measurement model for nominal response
categories proposed by Bock (1972) was adopted.

RESULTS

The data was analysed using the LOGOG program of Kolakowski and Bock (1972).
Both multiple and dichotomous scoring schemes were investigated, using an
empirical distribution of subjects into equal fractiles as well as under

the assumption of a normal distribution of ability. The binary scoring scheme
averaged about 56 sec. per program cycle while the multiple categories model
averaged 2'23" on an IBM 360/65 computer. After six cycles, the item parameters
were changing and the third significant digit under the normality conditicn,
and at the second digit for the empirical prior. Limited resources prevented
further computation. In addition to the item analysis, the average measurement
error and the test reliability coefficient were computed by integrating over
the trait distribution, again assuming normality. The results are presented -
in Table 1.

The uniformly significant values of Chi Square are a disappointment. In view
of the rather low reliability coefficients, it would appear that the test

was tco hard, However, it is clear that multiple responses provide a much
better fit than right/wrong scoring. In these data, the assumption of
normality also tends to elevate the Chi Square. Thus it is with some caution
that we point out the encouraging increase in average reliability of .12 for
the multiple over the binary scoring. This corresponds to a decrease of .10

in the average Standard Error of Measurement. Of course, the decrease in error
will not be constant over the entire range of ability. We can best investigate
this, as a function of ability, in terms of its reciprocal, the information
function.
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Figure 1 is the graph of the test information as o function of abilityv., The
test is most scasitlive in the mid-range duc to the fact that most test ftems
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very low ability is more than doubled.

It is interesting to ndte the shift to the right ol the Binary curve under

the assumption of normality. This replicates the result obtained by Bock(1972)
with very good-fitting data and therefore cannot be uttributed to the present
lack of fit. On the cther hand, a convergence problem occurred in the binary
analysis which necessitated the elimination of a group of the lowest subjects
while estimating the item parameters. Thus, the question of whether dichotomous
scoring can always be expected to yield rore /information than multiple '
scoring for high trait levels remains indeterminate.

Focusing now on individual items, Figures 2 - 5 depict the information and
operating characteristics of the item with the best fit, number 9, and with
the worst £it, no. 6, in all four analyses. As with the test as a whole,
assuming a normal prior shifted the mode of the binary information curve out
from under the curve for multiple categories. Otherwise there is very little
to choose between them. The monotonically increasing 'best' answer is
characterized by the ld/gest slope estimate; the monotonically decreasing
curve, the smallest. Both items increase their precision of measurement below
the median by a factor of two or more, and are roughly equivalent to the
binary scoring in the high range. However, under the normal prior, both binary
information curves have a2 maximum about equal in magnitude to those for the
multiple scoring. In the case of the empirical prior, these maxims are on the
order of one-half that for the multiple case. Thus the difference in the

Chi Square statistics for these two items does not indicate any gross abnor-
mality in the benavior or magunitude of the characteristics and parameters of
item 6, as compared with item 9. It does indicate greater deviations of the
data points from their expected valuas, but such deviations often occur

in only one or two of the operating curves for a particular item. Therefore,
we are well advised to look beyond global statisties such as the total Chi
Square. They may be too sensitive to deviations which have no substantive
meaning and which introduce no systematic bias.

In conclusion, we can fairly say that scoring test items in four or five
categories can decrease the error of measurement to an extent equivalent to
doubling the test length for a certain range of ability or, alternatively, can
sample the range of ability in the target population with far fewer items.

This property addresses itself directly to the empirical constraints on time

and rcsources which are encountered in psychological testing. While the model
did not appear to fit the present data in terms of the Chi Square statistics,

we have seen that substantive interpretation of the behavior of item alternatives

did not seem to be impaired.
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