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This paper reports a feasibility study of a new test
format—multiple matching (Mm). Under this format,
distractors from several items are pooled into a single
list which appears at the end of the test. The examin-
ees are asked to match one correct answer to each of
the items in the test. An experiment is described in
which the lengths of the item list and the distractor
pool were manipulated. It is shown that construction
of MM tests is technically feasible and that these tests
achieve satisfactory results in terms of reliability, va-
lidity, and reduction of random guessing.

It is widely recognized that persons taking mul-
tiple-choice tests can select correct answers to ifems
that they could not have answered in an open-ended
format. This fact is usually referred to as ‘‘the
guessing problem’” and has been the subject of a
large body of theoretical and empirical research
(for partial reviews of this work, see, e.g., Abu-
Sayf, 1977; Diamond & Evans, 1973; Hutchinson,
1982). Most studies have focused on scoring for-
mulas or rules, designed to eliminate the effect of
(or penalize for) random guessing—and, in some
cases, to reward partial knowledge. The best known
and most popular formula (e.g., Lord, 1975) is
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where R is the number of correct answers,

W is the pumber of incorrect answers, and

a is the number of options per item.
Additional scoring procedures have been proposed
by Abu-Sayf (1977), Reilly (1975), Traub, Ham-
bleton, and Singh (1969), and Zinger (1972) within
the framework of classical test theory, and by van
der Ven (1974) and Molenaar (1977) in a Bayesian
context. In item response theory, the three-param-
eter model explicitly incorporates a ‘‘pseudo-
guessing”’ parameter which affects the ability es-
tirnates (e.g., Lord, 1980), and Wainer (1983) re-
cently proposed robust scoring rules which are less
sensitive to unusual responses (some of which may
be attributed to guessing).

The key to the success of any scoring rule is its
capability to distinguish between various levels of
partial knowledge, and to reward (or penalize) the
examinees accordingly. Thus it is extremely im-
portant that all examinees understand the nature of
the mle and all its implications, including the op-
timal response strategy when they are uncertain of
the correct answer. Furthermore, examinees must
be willing to follow instructions.

Empirical evidence suggests that these condi-
tions cannot be realistically expected. Cross and
Frary (1977) and Frary and Hutchinson (1982)
showed that even highly motivated examinees do
not always understand, remember, or follow the
instructions of the simplest scoring rule (Eguation
1), and thus do not obtain full credit for their true
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level of knowledge. In addition, several studies
have linked the tendency to ignore these instruc-
tions with specific personality traits (e.g., Sherriffs
& Boomer, 1954; Slakter, 1969; Swineford, 1941;
Ziller, 1957).

A correction rule is obviously invalid if exam-
inees do not follow it. Instead of minimizing the
effect of irrelevant variance, it may actually add
new sources of measurement error. Thus, the prob-
lem of guessing is not a purely psychometric issue.
It is, to a large degree, a problem of design. The
success of any test developer in approaching it should
be evaluated by his/her ability to design items,
instructions, and a scoring rule that work well to-
gether. In other words, a test developer should be
able to devise a scoring rule, and appropriate in-
structions, that will be understood, accepted, and
followed by most (if not all) examinees in the con-
text of a specific examination.

Other solutions to the guessing problem rely on
alternative item formats (e.g., Carlson, 1985; Gul-
liksen, 1986) rather than special scoring rules. One
of Gulliksen’s proposals that has received special
notice (Wainer, 1983; Wood, 1984) because of its
intuitive appeal is the multiple matching (vm) for-
mat. The suggestion is to replace the stem-plus-
options format by a list of items followed by a
longer list of options. Note that if the number of
items equals the number of options, the test be-
comes a simple matching (SM) task (e.g., Horst,
1966; Wesman, 1971). Such a design is easy to
implement; item writing is straightforward, the for-
mat discourages item omission, and the probability
of guessing the correct answers is generally re-
duced. The scoring rule is also simple: §, = num-
ber of correct matches. Zimmerman and Williams
(1982) showed that in sM, when examinees either
know the answer or guess at random, the expected
score is

B(S,K) = K+1 . 2)

This can be compared with the expected score un-
der a regular multiple-choice (MC) format:

K
B(S/K) = K+”T , (3)

where n is the total number of items and K is the
number of items answered correctly.

The sM rule yields a fixed chance component for
each level of K, while the magnitude of this com-
ponent in MC tests is a linear function of X. The
two scores coincide when K = (n — a). However,
the chance component of S, is higher for all ex-
aminees who know less than (n — a) answers, and
lower for those who can answer more than (n — a)
items correctly. Given that, in most cases, a is
quite small in comparison with n, it can be inferred
that the large majority of examinees will benefit
more from guessing under the MC format. Yet a
minority of high-ability examinees (i.¢., those who
need to randomly match fewer than g items) will
score higher under a SM paradigm.

Under MM, all na options of a regular MC test
can be pooled in order to create a (very) long list
of options from which the examinee must select n
answers. If S; is defined as the number of correct
matches, then it is easy to show that the expected
score of an examinee who knows K answers is

-K
B(S,/K) = K+— (4)
na—K

(see the Appendix), and that the chance component
is considerably smaller than its counterparts in S,
and §,. The relative magnitude of the chance com-
ponent is monotonically (but nonlinearly) decreas-
ing as a function of both K and a. In other words,
the impact of purely random guessing is greater for
low-ability examinees and can be decreased by in-
creasing the number of options. Finally, note that
SM is just a special case of this model, which is
obtained by setting a = 1.

The purpose of the present study was to compare
the two forms along several dimensions in order
to examine the feasibility of the MM format for
practical use. Research comparing MC and sm
matching formats is scarce, and there has been no
research on MM items. As mentioned earlier, Zim-
merman and Williams (1982) have shown theoret-
ically that sM tests usually have higher reliability,
and Baldauf and Propst (1979) and Baldauf (1982)
have reinforced this conclusion with empirical data
and monte carlo simulations.
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A vocabulary test of 24 items was constructed
from the item pool of the National Institute of Test-
ing and Evaluation (NiTE). The test consisted of
three subtests of equal length: Hebrew nouns, He-
brew verbs, and foreign words used in Hebrew
(such as sarcophagus, choral, etc.). Thus, three
subtests with relatively homogeneous items were
obtained. Originally, the items were administered
in MC format with ¢ = 4 options. For the present
study, six additional MM versions were prepared.
The six versions represent a 3 X 2 design in two
independent variables: a, the number of options
per item, and #, the namber of items. Three values
of a (1, 2, and 4) and two values of n (4 and 8}
were used. For the manipulation of »n each 8-item
subtest was randomly halved, and all the relevant
options of that half test were pooled. For the ma-
nipulation of the number of options the correct
answer was used alone (@ = 1), in conjunction with
the most attractive distractor (a = 2), or with all
the original distractors (@ = 4). In each of the six
mM forms the n items were listed at the top of the
page followed by the rna distractors listed in al-
phabetical order.

The examinee pool consisted of 717 applicants
to various universities in Israel who took the na-
tional admission test in August 1985 or April 1986.
The test is similar to the Scholastic Aptitude Test
(saT) and its adminisiration requires about 24 hours.

Procedure

The six experimental test versions and the reg-
ular MC version were administered in a random
sample of testing classrooms after the completion
of the admission test. The special matching format
was explained and illustrated by examples. The
instructions stressed that no penalty for guessing
was used, and that it was in the examinee’s interest
to answer all items. All examinees completed the
test in less than 30 minutes, and their completion
times were recorded. After the test, all examinees
in the MM groups completed (anonymously) a short
feedback questionnaire comparing the experimen-
tal forms to the regular MC. Table 1 summarizes
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the design and sample sizes in each condition. Note
thatthe g = 4, n = 1 cell represents the MC format.

Results

Table 2 presents the means and the standard de-
viations of the three tests (and their aggregated
total) under each of the seven administration modes.
Although this table summarizes the data as a func-
tion of ¢ and #, it is important to keep in mind that
an equally good representation of the results can
be obtained by pooling cells with an equal number
of options, 7 = na. Two conditions (a =4, n=1
and a = 1, n = 4) have a total of 7 = 4 options,
and two conditions (¢ =2, n =4 and a =1,
n=8) have 7 = 8§ options; two cells (¢ = 4
n=4anda = 2,n = 8)have T = 16 options, and
one cell (a = 4, n = 8) has T = 32 total options.
Examination of Table 2 indicates that, as expected,
the mean score decreases as ¢ and/or n increase.
Within each of the table’s rows and columns (with
two minor exceptions) the mean score decreases,
and a comparison of forms with equal numbers of
distractors indicates that the effect of a is stronger
in this context. Analysis of variance (ANOVA) of
the results showed a significant effect for number
of options (F,,, = 114.88, p<<.05) and number
of items (F, ;1o = 36.81, p<<.05), but no significant
interaction (F, 5,0 = 2.89, p>.05).

The pattern of change in the scatter of the scores
is not as clear and consistent as far as g is con-
cerned. However, note in Table 2 that for each

Table 1
Sample Sizes for Testing Conditions Defined
by the Number of Items Pooled and the
Number of Options Per Ttem

Number Number of Options

of Items Per Item

Pooled i 2 4 Total
1 - - 110 110
L 72 107 1i1 290
8 75 123 119 317

Total 147 230 340 717
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Table 2
Means and Standard Deviations of Scores for the Subtests
Under the Seven Administration Forms

Number
of Ttems Number of Options Per Item
Pooled 1 2 4
and Subtest Mean SD Mean Sp Mean Sh
1 Item
N - - L.06 1.99
v - - 5.56 1.74
F - - 4,93 1.48
Total - = 13.55 3.90
4 Ttems
N 5.86 2.1%2 2.91 1.51 2.88 2.31
A% 6.71 1.77 L.81 1.44 3.64 1.80
¥ 6.7¢ 1.92 5.29 1.72 3.88 1.69
Total 12.33 4.60 13.01 3.52 10.41 4.85
8 Ttems
N 4.56 2.51 3.90 2.31 2.75 2.31
v 5.84 1.83 4,56 1.75 3.18 1.84
F 5.76 72.08 L.78 1.93 3.04 1.84
Total i6.16 5.18 13.24 4.85 8.97 4.91

subtest, the standard deviation increases as n in-
creases.

Table 3 presents the same data as a function of
T, ignoring the distinction between g and n. It is
clear that as 7 increases, the mean scores decrease
and the variances increase.

Table 4 summarizes five measures of inter-item
homogeneity as a function of 7, the total namber
of alternatives. The statistics are the KR-20 relia-
bility, the median item-total biserial correlation,
the mean inter-item correlation, the mean inter-

subtest correlation, and the proportion of variance
accounted for by the first principal component of
the inter-item correlation matrix. Although the dif-
ferences are not large, they all indicate that an
increase in the number of options yields more ho-
mogeneous, reliable, and unidimensional tests.
Obviously, these improvements are achieved at
a certain cost. In this case, one component of the
cost is the total testing time. As Table 5 shows,
this time increases as a function of ¢ and »n. When
data are summarized according to the total number

Table 3
Means and Pocled Standard Deviations of Scores as a Function
of the Total Number of Alternatives

Total Subtest

Number of N N F Total

Alternatives Mean SD Mean sD Mean sD Mean SD
4 L.77 2.04 5.41 1.75 5.65 1.67 15.84 4.19
8 3.59 1.98 5.2% 1.61 5.48 1.88 16.31 4,28
16 342 2.31 4,12 1.77 L,35 1.82 11.90 4.85
3z Z2.75 2.31 3.18 1.84 3.04 1.84 8.97 4,91
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Table &
Inter-Ttem Homogeneity as a Function of Total MNumber of Alternatives

Percent
Mean Mean Variance of
Fumber of Median Inter-Item Inter-Test Principal
Alternatives KR20 Biserial Correlation Correlation Component
& i .39 .12 .57 i2
8 .77 42 .15 .58 15
16 .82 46 .16 .68 16
32 -84 A6 .16 .70 16

of alternatives, a similar pattern emerges. The mean
testing times are 6.16, 6.89, 9.49, and 12.98 min-
utes for T =4, 8, 16, and 32, respectively. An
ANOVA of the rates of response (i.e., the reciprocals
of the total testing times) reveals highly significant
effects of a (Fy e = 127.7, p<<.05) and n (F) ¢4
= 102.58, p<<.05) as well as a significant infer-
action (Fpee = 5.09, p<.05).

Tabie 6 displays the distribution of the incorrect
responses for those forms where examinees could
select either original or new distractors (¢>1). Note
that the omission rate is negligible and equal under
all forms. In all forms, an absolute majority of the
incorrect responses involves new distractors (i.e.,
distractors that originally were written for different
items}. However, when these values are adjusted
for the different number of distractors actually se-
lected, it appears that the probability of choosing
one of the original distractors is considerably higher.
The probability of selecting one of the new dis-
iractors is always slightly smalier than its chance
level (in the four cases in the table, chance levels
are .167, .083, .071, and .036, respectively). Ob-
viously, these distractors attract a large proportion
of random guessing.

To examine the validity of the various MM forms,
the examinees’ scores were correlated with their
scores on various subtests of the admission test.
Because data were not available for all members
of the sample, this analysis was based on only 457
examinees and does not include the results of the
a = 4, n = 1 group. Table 7 reports validities with

respect to two verbal subtests (Verbal General
Knowledge and English), two guantitative tests
(Figures and Mathematical Reasoning}, and the To-
tal Score on the admission test.

An interesting pattern emerges: The validity of
the experimental tests with respect to the verbal
subtests and the total score increases monotonically
with 7. On the other hand, the validity with respect
to the quantitative tests decreases for larger values
of T. The most extreme case of vt (T = 32) fol-
lows the same consisient patiern in comparison with
the MC test: Its validity exceeds that of the regular
test with respect to other verbal tests and the total
scores, but is lower with respect to quantitative
criteria.

Wheat did the examinees think of the new format?
The first issue is whether they understood it. The
majority of the examinees (75.56%) reported that

Table 5
Mean Testing Time Under the
Seven Administration Forms

Humber
of Mumber of Options
Items Per Item
Pooled 1 2 4 Mean
i - == 6.77 6.77
4 5.24 7.26 10.98 g.18
8 6.36 8.15 12.98 9.
Mean 5.81 7.74 16.32 8.56
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the instructions were clear, and this figure was al-
most identical across all six forms.

Table 8 presents the distribution of examinee
responses as a function of T, the total number of
options. The assessments and preferences of the
examinees are obviously related to this parameter.
The sMm format (T = 4) was judged easier overall,
better promoting the examinees’ interests and al-
fowing easier guessing; in general, it was preferred
by most respondents. At the other extreme, when
MM is based on a long list of 32 options, most
examinees found guessing, and the test, more dif-
ficult. Consequently, in this case there is a slight
preference for the MC format. At the intermediate
levels, responses were less extreme. For example,
for T = 8, guessing was judged equally easy (or
difficult) in both forms; a slight preference for the
M format was nonetheless evident.

Discussion

The mm method is based on a simple and at-
tractive notion. To overcome the guessing prob-
lem, instead of using special scoring formulas based
on various explicit and implicit assumptions about
the response mechanism employed by the examin-
ee, guessing is made difficult by drastically in-
creasing the number of options available. As a mat-
ter of economical and practical convenience this
can be achieved by pooling together the distractors
of several independent items. If the items’ content,
format, and syntactical structure are comparable,
such tests can be constructed.

The basic issue addressed above is whether it is
feasible to construct such a test, and if its intended
goals can be achieved. The results lead to a positive
answer to the first question, and a somewhat qual-
ified positive answer to the second.

With some special care it was possible to create
a MM test of vocabulary. The format of the test
required some special manipulations. For example,
it was necessary to divide the original item pool in
order to obtain three subtests with similar and ho-
mogeneous items. Furthermore, some minor ad-
justments and corrections were necessary in the
wording of the various distractors to make each of

Table 6
sponses for Original and New Distractors for Tests Varying

Number of Options Per Item (a), and Total Number of Alternatives (T)

Distribution of Incorrect Re

in Number of Items Pooled (n),

New Distractors

Original Distractors

Probability
of

Percent
of

Probability
of

Percent
of

Percent Selecting

Total

Total
Incorrect Used

Total Percent Selecting

Total
Omitted Incorrect Incorrect Used

Percent

Percent

One

Used

One

Used

T

.128
.057
064
. 040

71.50
77.08

63.36

4,29
9.25
8.87
16.50

54,84
53.22

.636
274
2451
.212

71.00
57.00
96.00

52.67

45.16 .71
1.71

46.78
43.29

50.31

.01
.02

.02

55.88
44,13

16

56.71
66.55

.96
1.58

16

51.56

33,45

60.18

.03
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Table 7
Validity of MC and MM Tests as a Function
of the Total Number of Alternatives (T)

MM
T=8 TI=16 T=32

Variable MC
Sample size 108 95 149 105
Criterion test
Verbal General Knowledge .72 42 .69 o7
English as Foreign Language .50 49 .50 .64
Mathematical Reasoning .51 47 .55 .38
Figures .33 .48 .36 .26
Total Score o6l .60 .67 72

them compatible with all of the items. Obviously,
special attention should be given to these details
in constructing MM forms. It is well known (e.g.,
Smith, 1982) that McC items can be solved through
efficient processing of structural and linguistic clues
provided by the distractors. This problem is ob-
viously more serious in the case of the MM test,
but clearly not insoluble. The unusual format calls
for special instructions to the examinees, but this
has caused no special problems, as became evident

from the analysis of the results and the feedback
guestionnaires.

Assuming that it is technically feasible to con-
struct MM tests, does it pay to do it? The method
has a very obvious cost associated with it, namely
longer testing time, and its efficiency should be
evaluated as a function of this cost. Doubling the
number of distractors inflates testing time by a fac-
tor of 1.37. If the average time required to complete
a test with 7 = 4 distractors is ¢, then a test with

Table 8
Responses to Feedback Questiomnaire, In Percentages,
as a Function of the Total Number of Alternatives

Total Number of Alternatives

Question 4 8 16 32
Format Preferred
MC 22.22 48.26 51.56 45.09
MM 61.11 34,14 33.33 41.18
Indifferent 16.67 17.60 15.11 13.73
Guessing is easier
Under MC 16.67 26.40 44,89 50.00
Under MM 48.61 23.11 19.11 16.67
Same 34.72 50.49 36.00 33.33
Examinees' interests
are better served
Under MC 29.85 59.27 6L . 45 38.82
Under MM 70.15 £0.73 35.55 £1.18
Test is easier
MC 39.71 51.38 62.17 69.70
MM 60.29 L8.62 37.83 30.30
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T = 8 requires on the average 1.12¢, one with T
= 16 requires 1.54¢, and a test with 32 distractors
requires 2.11¢. Note that although the increase in
cost when moving from 7 = 4 10 7 = 8 is modest,
further lengthening the test is more expensive.

At least two statistics, reliability and validity,
fend themselves to relatively simple cost/benefit
analyses. Classical test theory long ago established
the expected relationships between test length and
these statistics in cases where the length is aliered
by adding or removing items (e.g., Horst, 1966;
Lord & Novick, 1968). Using the KR-20 of the test
with # = 1 as a baseline it is possible to predict,
of .79, .84, and .88 for tests of length I.La, 1.54¢,
and 2.11z, respectively. These values are slightly
higher than those empirically obtained in this study
for T = 8, 16, and 32 respectively. Thus, it can
be argued that lengthening the test by simply add-
ing additional MC items would have had a more
beneficial impact on its reliability. However, this
argument must be qualified. Such a process in-
volves additional costs associated with the writing
and testing of these new items (note that for the
most extreme case of T = 2.11¢, test length must
be more than doubled). It is doubtful that this ad-
ditional cost could be justified given the limited
gain expected in terms of reliability. The notion
that, given a fixed testing time, the test can be
altered by manipulating either the number of dis-
tractors or of items is known as the assumption of
proportionality. Recent empirical evidence (Bu-
descu & Nevo, 1985) does not support this as-
sumption, and indicates that reliability is better served
by increasing the number of distractors.

Consider now the validity of the experimental
tests with respect to the total score. Test theory
predicts validities of .65, .67, and .68 for the three
lengthened tests (e.g., Horst, 1966, p. 310). The
values achieved for 7 = 16 and T = 32 equal or
surpass these theoretical predictions; thus the pres-
ent procedure appears to meet the expectations in
terms of validity.

Wainer (1983) suggested that MM tests may help
alleviate the guessing problem. What evidence is
there that this effect is in fact achieved? Obviously,
it is impossible to classify each response with cer-

tainty as either a “*true’’ correct answer or a guess.
However, several aspects of the data indicate that
guessing is in fact reduced.

First, the data show a systematic decrease of the
mean scores as a function of the total number of
distractors. This result is consistent with the notion
that the error component of the scores was reduced.
Also, it was shown that the relationships between
the test components (as measured by the test’s mea-
sures of internal consistency, communality, and
unidimensionality) improve as the number of dis-
tractors increases. The validity with respect to other
verbal tests increases, but the correlations with tests
of different factorial composition {guantitative) de-
crease. These results can be interpreted as indi-
cators that MM tests eliminate part of the error var-
iance inherent in the standard MC format. The item
analysis provides direct evidence that the incorrect
responses are distributed over a larger number of
distractors, and that the probability of selecting
each of the ‘‘new’” distractors is close to its chance
expectation. Finally, the examinees’ responses to
the feedback questionnaire indicate that they find
it more difficult to guess in the presence of multiple
distractors.

All of these results indicate that the MM tests
appear to achieve their goal and that their construc-
tion is feasible. It appears that in order to benefit
most from this format, the total number of dis-
tractors must be increased considerably. The best
results in this study were achieved when T = 16
or 32. The discovery of the optimal composition
of M tests must be addressed in future research.

Finally, it is important to qualify this conclusion
by pointing out that vocabulary tests, such as the
one used here, are almost ideal for the v format.
These tests are almost pure power tests, with large
numbers of short items and short answers. These
characteristics tend to encourage guessing, and MM
appears to be a viable solution to this problem. On
the other hand, in tests with fewer and longer items
and options, MM may not work as efficiently. In
these cases guessing may not be such a salient
problem, and the length of time required to scan
and evaluate all of the options may be too heavy
a price to pay in order to eliminate the guessing
component.
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Appendix
Mean and Variance of the Number of Chance Matches Under the MM Procedure

Assume a test of length n with g options per item. Further assume that a given examinee is certain
of exactly K answers (0 <X < n). To complete the test, and assuming no omissions, he/she randomly
selects (n — K) options from the remaining (ng — X)), without replacement. Because all selection sequences
are equally probable, each option has a 1/(na — K) probability of being selected as a correct answer for
each item. Define a random variable:

¥ = 1 if match for item §
! G otherwise,
such that the probability of a match is

I :
PX, =1 = — (i=1,..,n-Ky . (AD)
Then define §;, the number of maiches in the sequence:
n—K
S, = glx,. ) (A2)
Its expectation is simply
- 1 n—K

E(S) = 2 = :

(55) =1 pa—K no—K B
To derive the variance of §; note that

i 1 na—K-—1

Var(X,) = - =

ar(%,) na—K (na—Ky¥ (na—Kp2 ’ (A4
and also

1 i i

Cov(X, X)) = = . (AS)

(na—K)}na—K-1) h (na—Ky» (na—Kna—K-1)
Finally, the variance of the number of correct chance maiches is
Var(S,;) = (n—K)Var(X;)+(n—K)(n— K- DCov(X,,X,)
m—Klna—-K—-1)2+(n—K-1)]
- (na— K)(na—K —1)
When a = 1, B(8;) = Var(§,) = 1, giving the results reported by Feller (1968) and Zimmerman and
Williams (1982) for the special case of the su task.

(A6)
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