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ABSTRACT
Gilman and Ferry ':.a.lie shown that when the student's

score on a multiple choice test is the total number of responses
necessary to get all items correct, substantial increases in
reliability can occur. In contrast, similar procedures giving partial
credit on multiple choice items have resulted in relatively small
gains in reliability. The analysis in this paper provides a possible
explanation for this discrepancy. TAG reliability for SSM
(self-scoring method) grading is compared to the reliability for
conventional 0-1 grading by postulaksing a model for the conditional
distributions of a correct response on the n-th try for an item,
given an incorrect response on the first try. The results imply that
for SSM grading, distractors should have different levels of
attractiveness rather than being equally attractive. (Author)
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choice test is the total number of responses necessary to get all items

correct, substantial increases in reliability can occur. In contrast,

similar procedures giving partial credit on multiple choice items have
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resulted in relatively small gains in reliability. The analysis in this

paper provides a possible explanation for this discrepancy. The reliability

for SSM grading is compared to the reliability for conventional 0-1 grading

by postulating a model for the conditional distributions of a correct

response on the n-th try for an item, given an incorrect response on the

first try. The results imply that, for SSM grading, distractors should

have different levels of attractiveness rather than being equally attractive.
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Introduction

Several alternate scoring procedures have been proposed for multiple choice
items with the aim of increasing their discriminating power. Empirical studies
of these procedures have generally indicated that, for a given set of items,
reliability can be increased by substituting the newer grading procedures for
the conventional 0-1 grading system (Hambleton, Roberts, and Traub, 1970).
The improvement in reliability is generally small and, in at least one case,
the conventional grading system had the higher reliability (Koehler, 1971).
Gilman and Ferry (1972) have studied a self-scoring method (SSM) that provides
immediate feedback on each response made by the student. The self-scoring
method requires the student to continue responding to an item until the correct
alternative is found. The test is scored by counting the number of responses
required to answer all the items on the test.

The rationales for all of these grading procedures make the implicit
assumption that the test items can discriminate between students who do not
select the correct alternative as their first choice. This implies that the
residual items that result from the elimination of one or more distractors
have a positive discriminating power. This study investigates the effects
on reliability when this assumption is violated. In particular, the effects
of SSM grading on inter-item correlation are examined for items where the
residual items contribute no discriminating power to the test. The inclusion
of such items could explain the discouraging results that have often been
obtained when procedures for awarding partial credit have been tried.

Results

Here we will consider some assumptions about the response probabilities
for items. Let P be the probability that the i-th item is answered correctly
on the first try, and let P.. be the joint probability of a correct response
on the first t'.51 for both dia i-th and j-th items. If the first response is
incorrect, assume that all subsequent responses result from random guessing.
The probability of choosing the correct answer on any response, after the
first, is T-1where n is the number of alternatives left when the response is
made. This model is the basis for the traditional formula scores that try to
correct for guessing.
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Let X4 and X. be the student's scores on the i-th and j-th items,
respectively. Evary student must make at least one response to obtain the
correct answer. Let R, be the number of incorrect responses: R.=X.-1. The

,
constant term does not

1
afrect the inter-item correlations, thus,

Cor(R.,R.)=Cor(X.,X.), where R. and R. have a joint discrete density function.
The marginal distriaution for the k-til item depends only on the probability
of a correct response on the first choice, Pk, anc2 the number of distractors:

P(Rk=0) = Pk

P (Rk =i)
(1 -Pk)(/71:

1

1.)
0 < i < N

The means and variances for a set of such items are presented below.

N
E(Rk) = (1-Pk)l-

N2
V(Rk) = (1-Pk)Pk [1+(k)(1-1-i2)]

In order to compute the covariance, we need to know the joint density
functionforR.1 andR..This distribution is given below.

P(R.1 =0,R.=0) = P.
3

P(11.=0,R.=J) = (P -P
ij

)( N-1-1 )

,

P(R.=I,R.=0) = (P
j
-P

ij N-1
.)(-1 )

P(R.=I,Rj =.1) = (1-P
i
-P.+P

ij
)(N1

1
)

2
0 < I, J < N

The probability that Ri=Ii0 and R.=Ji0 is just the probability that
neither item is answered correctly on he first try, times the conditional
probability that Ri=I and R.=J, given that neither item is answered correctly
on the first try. So, for and J greater than zero:

P(R.= I,R. =J) = P(R.1 #0,Rj 0)P(R.=I,R.=JIR.1 i0,R.#0)
1 3 j j

= (1-P -P.+P .)
1
1

i ij (N-1)2'

The other probabilities are derived analogously.
Using the joint probability distribution presented above and the definition

of covariance, we obtain:

2
Cov(R.,R.) =

1,1

1 4
(P

ij j
-P.P ).

j 1

The covariance for SSM grading of a ghyen item is greater than the
covariance for 0-1 grading by a factor of -4- . This increase results from the
change in the range of possible scores from 0-1 to 1-(N-1).

Usingtheearlierresults,thecorrelationbetween.R.and R. is:

(P
ij

-P
i
P.)

Cor(R.,R.)
/

1 N-2 1 N-2 ,

4P (1-P )[1+- ( )i P.(1-P.)[1+- (---)iiiP.3N j P. 3N
1 J
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For reference, the conventional 0-1 grading system results in the following
inter-item correlations:

P -P
i
P.
j

Cor(X.,X.) -
J P . (1 -P . )P

j
(1-P.)

These two formulas differ only in the denominator, where the terms representing
the variances of the two item scores are larger for SSM scoring than for
conventional grading. In the case where any responses after the first response
are at the chance level, SSM scoring will result in lower inter-item correlations
than 0-1 scoring.

In changing from 0-1 to SSM grading, the covariance of two items and the
variances for the individual items increase, but the proportional increases
in the variances are greater than the increase in the covariances. When the
distractors provide no discriminating power for students who cannot answer
the question on their first try, SSM grading increases the proportion of the
variance for any item that results from random guessing.

Discussion

The results derived above show that SSM grading does not necessarily
increase inter-item correlations and therefore does not necessarily increase
the reliability of a test. A test consisting exclusively of items with the
properties hypothesized here could suffer a substantial decrease in reliability
it SRI grading were substituted for conventional grading.

Although the quantitative effect of SSM grading on the reliability of
multiple choice items has been examined here for a special case, some general
qualitative conclusions can be drawn from the results. Gilman and Ferry (1972)
hypothesized that the effect of SSM grading on reliability is equivalent to
the inclusion of additional items. This is a useful way to look at the
question, but it must be remembered that the new items will not have the same
properties as the original items. Depending on the properties of these new
items, SSM grading may either increase or decrease the reliability of the
test, or leave it unchanged.

This paper demonstrated that the reliability of a test using SSM grading
will depend on the properties of the item alternatives. The results developed
here may explain the relatively small grins (in one case, a loss) in reliability
that have often resulted from the use of procedures for awarding partial credit
on multiple choice items.

If SSM is to be used to increase reliability, a currently recommended
practice (see,for example, the discussion of distractors in Gronlund, 1965,
p. 154) for the selection of distractors will have to be changed. Instead of
choosing equally probable distractors, distractors should be generated whose
probability of selection reflects the level of understanding of the student.
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