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/ . INTRODUCTION

The chief purpose of testing is to provide iﬂf;rmation
for ,decision making related to people; programs and ’
institutions. If the decisions based on the usé of test
- scores are to have any merit-the tests must be reliable and

valid. .

Both the validity and the reliability of a téSt depend
ultimately on the characteristics of its items. ‘Through
application of item analysis procedures test constructors are
able to obtain quantitative, objective information useful in—
developing and judging the quality of a test and its items.

Once the item pool has been carefully constructed to
measure a certain trait, items should be pretested on a’
représentative sample of adequate size to obtain quantitative
information relevant for item analysis. Many different
tebhniques are available for item analysis. The choice among
them debends on the nature and purpose of the test. For a
norm referenced test measuring a-unidimensional trait, the
two most common indicators of item quality for characterizing
items are item discrimination and item difficulty. One major
flaw in both of these indicators is that their estimates are
subject to considerable fluctuation unless the saﬁble size is
very large.

One principal problem which test constructqrs face wﬁen

analyzing items is that of acquiring a representative sample

viii



of adequate size to pretest the items. School officials,
industries etc. are reluctant to participate in data
collection because of the amount of time which is involved
and the small benefit which schools, industries etc.

receive. Preliminary tests, besides providing no incentive

for testees, are generaly much_longer than the final tests. '
These lengthy té;ts may produce fatigue and boredom in the
individuals, causing them to be careless, which, of course,
directly affects the estimation of item indices and test
reliability.

This problem in test construction can be overcome by

. T
utilizing a multiple matrix sampling technique for “Gata

collection in test construction studies. Multiple matrix
sampling is a sampling technique in which.a pool of items is
randomly divided into a number of subtests, and each of'these
subtests is administered to a different sample of examineég
randomly selected from the population. g

Multiple matrix sampling is different from traditional
examinee sampling in the sense that each individual is
required to respond to only a sample of items from the test,
whgreaé in examinee -sampling each individual is required to &
respoend to all the items in the test. _The main advantage of
multiple matrix sampling is the reduction of testing time per
examinee. . 7 )

Research in multiple matrix sampling (MMS) has -
demonstrated that it is a promising alternative to

-

-traditgdonal examinee sampliﬁg for estimating group parameters

ix



such as the mean and variance. It has been successfully used

for developing test norms and evaluating programs. However

no systematic study has been carried

out to compare MMS with

examinee sampling for estimating item parameters and test

2

characteristics. This study was designed to fill this gap in

the test construction literature.

The primary purpose of this study was to explore the use

of a multiple matrix sampling technique of data collection

ifor test development. 1In other words, it was to investigate:

how the multiple matrix sampling technique of data collection

compares with traditional examinee sampling for estimating

item parameters such as item difficulty and item

discrimination and for developing tests that are reliable and

valid. A secondary purpose was to explore the conditions

(i.e., varying the subtest size; the

the characteristics of items, ete.)

examinee sample size;

under which the multiple

matrix sampling technique is most effective in estimating -

item parameters.

Significance of the Study

Quantitative information about the characteristics of

items and the test has always been valued by measurement

specialists. Traditionally this information has been

achieved by administering test items
examinees. However this approach of
information can be very demanding in

If the same quantitative information

to a large sample of
collecting quantitative
terms of examinee time.

rggarding test item and
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‘total test characteristics can be obtained by administering a
small sample of items to each examinee, as that obtained by
administering the whole test to each examinee, it will be
possible for test constructors to pretest items on a large
sample of examinees, while at the same time lessening the
burden curréntly placed on schools, industries ete. when

they agree to assist in that process.
Organization of the Study

The dissertation is organized as follows: The review of
the relevant literature related to item analysis and multiple
matrix sampling and the statement of the problem are
presented in chapter I. The research désign and the methods
used to examine the problem are presented in chapter II. The
results are presented and discussed in chapter III.

Conclusions of the study are stated in chapter IV.

xi



CHAPTER I
REVIEW OF THE LITERATURE.

~

In the development of norm refefenced tests one gathers
responses to the test items from a sample of examinees that
1s representative of the population on which the test is to
be used. These responses are subjected to item analysis to
decide which items should be.selected, revised or rejected.
Traditionally the examinee sampling method is used to gather
the résponses to the items.> One can also use multiple matrix
sampling (MMS) to gather responses to the items. MMS is less
demanding in terms of examinee time than examinee sampling.
In MMS each examinee is required to respond to only a sample
of items as opposed to all the items in the test. The
following literature review is divided into two areas of
interest: Item analysis and multiple matrix sampling. This

is followed by a statement of the problem.

Item Analysis

Item analysis is a general term for a set of methods
used to evaluate test items. It is onrne of the most important
aspects of test construction (Kaplan and Saccuzzo, 1982).
Tests can be Emproved through the selection, substitution or
revision of items. Item analysis makes it possible to
shorten-a test and at the same time to increase its validity
and reliability (Anastasi, 1976). The reliability and
‘validity of the totzl test q§pend entirely on the

1



characteristies of the items used to build it. Thus the real
importance of item analysis arises from the effects of the
individuzl item characteristics.upon the characteristics of
the entire measuring instrument (Lord and Novieck, 1968).
'Burt (1921) first applied item analysis with the
original.Binet scale. By item analysis of ‘the subsequent
Binet-Simon sc%le, Burt secured increases in test reliability
from .68 to .91, in validity from .59 to .76. Subsequent
investigators examining other tests have shown similar
results (Hull, 1928; Neill and Jackson, 1970; Pyrczak, 1973).
.A Aumber of different item analysis procedures have been
proposed in the measurement literature for studying and
characterizing individual items (Allen andiﬁen, 1979; Lord
and Novick, 1968; Ghiselli, Campbell and Zedeck, 1981).
However, the two characteristics of items most commonly used
for item analysis are itep dlfflculty and item
'discrimination. In this section item difficulty, item
discrimination, research related to item difficulty and

research related to item discrimination are discussed.

Ttem Difficulty:

The most comﬁon index of item difficulty (p) for
dichotomously scored items is defined as the proportion of
correct responses among those who had an opportunity to
answer the item. The item difficulty level of an item varies
between .00 and 1.00. Zero meaﬁs that nobody in the
population responded to the item correctly. One means

everybody responded to the item correctly.



Item difficulty information facilitates the choice of
items for the final form. Those items passed by everyone

(p=1.0) or failed by everyone (p=0.0) convey no information

for discrimination amongst individuvals. A wrimary reason for

assessing the difficulty level of items is to permit the cons-

tests with specific characteristies for differing pJ:poses.
The knowledge of item difficu;ty is also useful in arranging
items in the test. It is helpful to place items that are
relatively easy at the beginning of the test. This
arrangement gives the individual confidence in approaching
the test and also reduces the likelihood of his/her wasting
tiﬁe on items beyond his/her ability (Anastasi, 1976).
crimina

Y An item discrimination index is a measure of how well
the item discriminates between persons possessing more of the
attribute being measured from persons having only relgtively
small amounts of this attribute. An item with a very low
discrimination compared to other items provides very little
information about individual differences in norm referenced
tests. For homogeneous tests when item discrimination is
evaluated by correlating the item score with the total test
score, it also provides information on whether the item
measures the same traif or attribute that is measﬁred by the
total test. If the correlation between an item score and the
total test score is very low, one can say that the item does
not tend to measure the same trait or attribute that is

measured by the total test. Thus the item discrimination
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information facilitates the choice of items in the final
tests.

Taking fthe item difficulty and item discrimination .
indices into consideration, test construcéors develop/design
a2 test that is suitable for the examinees and which all
convey - the maximum information possible about the
differences in the examinees' levels on the trait ﬁéing

measured (Anstey, 1966).

Researeclh Related to Item Diffjiculty:

There is a disagreement amongst measurement specialists
regarding the ideal level of item difficulty for a test.
Cronbach and Warrington (1952), Ebel (1972), Ghiselli,
Campﬁell and Zedeck, (1981) and Gulliksen (1945) have argued
in favor of items of .5 difficulty. Their argument is based
on the fact that in norm referenced tésts it is often
desirable to have a large test variance. For such tests it
is better to have those items that contribute most toward the
total test variance than_the items that do not contribute
much to total test variance. 1In dichotemously scored items
(where items are scored either zero or onel), item variance is
equal to p(1-p). This variance is maximized when p=.5.

Since total test variance is related to item‘variance, it may
be maximized when items are of .5 difficulty.

Cn the other hand, some measurement specialists have
argued that test variance is not only affected by item
variance, 5u£ also by inter-item covariance. Thus when

considering a distribution of difficulty, one should also

~



take into account inter-item covariance. Davis (1951) Has
stated that if all items in a test are of difficulty .5 and
are uncorrelated the test will.discriminate well at all

- ranges of ability. But ﬁhen the items are correlgted,
maximum test discrimination would be achieved when the
difficulty indices for test items are spread out. Wﬁen-
developing a test of a specific trait, since items should be
positively intercorrelated, Davis has recommended writing
items of varying difficulty. Brogden (1946), Henrysson
(1971) and Gutman and Loevingor (Bowers, 1972) have supported
Davis.

Furthermore, Anstey (1966) and Scott (1972) have stated
that when considering the desired distribution of difficulty
level of items, consideration should be given to the total
test score distribution desired. The distribution of total
test scores depends on the number of items, their
difficulties and their intercorrelations. There are
differing points of view concerning the ideal shape for a
test score distribution. Some authors prefer a normal
distribution (Cronbach, 1960), some a rectangular
distribution (Ferguson, 1949; Guilford, 1954 ; Humphreys,
1956),-and others a distribution that is .similar to the true
score aistribution (Lord and Novick, 1968). Without taking a
position on this matter, one may still inquire as to the
conditions under which any desired distribution may be
obtained.

Anstey (1966) and Lord and Novick (1968) have shown that
when the ability distribution is normal and items are

5



homogeneous (i.e., they are intercorrelated), the affect of
the distribution of item difficulties on the distribution of
test scores is as follows: If item difficulties are evenly
distributed over the ability range an approximately normal
distribution of test scofes results; if items are
concentrated at .5 difficﬁlty an approximately rectangular
distribution of test scores occurs; if the distribution of
item difficulties is approximately normal, the distribution
of test scores is somewhat platykurtic; if the test consists
of many more difficult items than easy items, a positively
skewed distribution of test scores is evident. Conversely to
this, if a test includes many more easy items than difficult
ite@s, a negatively skewed distribution results.

Anstey (1966) has further stated that when a test
contains relatively heterogeneous items (i;e., zero or very
low intercorrelation among items), examinees will tend to be
less consistent in the accuracy of their responses and their
scores will tend to be more alike than in a homogeneous test.
In such tests, generally speaking, when item difficulties are
evenly spread over the ability range (assuming the ability
distribution is normal), there will be a concentration of
scores in the middle and a leptokurtic distribution will
result, If item difficulties are concentrated around p=.5, a
somewhat normal distribution® of test scores would be
achieved. However, zéro 6r very iow inter-item correlations
would imply that items did not m&asure a coﬁmon trait, thus
making a summative scoring (item scores are summed to achieve
the test score ) procedure illogical. Three empirical

6



studies conducted by Anstey (1966) have supported the above
results.

On the basis of 1he above studies and discussion, one
can conclude that there is né ideal distribution of item
difficulty. The proportion of items to be selected at the
different difficulty levels should depend on the type of test
score disﬁribution desired, which depends on the purpose of
the test and on the degree of homocgeneity among items . For
example, if one wishes to differentiaﬁe examinees at a given
level of ability, most of the items in the test should be of
a difficulty level which corresponds to that ability level
(Lord, 1953; Richardson, 1936a). ©On the other hand, if a
test is not to be limited to any subject population and the
examiner wishes to achieve an approximately normal
distribution of test scores then item difficulty should be
distribuéed evenly over the ability scale (Richardson, 1951).
If a test is required to discriminate at all levels of
ability then a rectangular distribution of test scores®is

desirable. -

c m Disc
Another important item statistic is the item
discrimination index. A desirable characteristic for a test
is that it should discriminate over the desired
Eange Qf ability. Anastasi (1976), Davis (Pyrezak, 1973) and
Lord and Novick (1965) have suggested that items that
discriminate poorly should be discarded or inspected for

" possible deficiencies and revised.

7 -
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Numerous methods of expressing the discriminatory power
of an item have been proposed in the méasurement literature.
As far back as 1935, Long and Sandiford deseribed 23
different methods of expressing item discrimination
(Oosterhof, 1976). Guilford (Anstey, 1966) listed 19 methods
fqr calculating item discriminaticn. However, the method
moest commomly used by test constructors for assessing item
discrimination is the correlation between each iﬁem and a
criterion or total test score. If the correlation
coefficient is high, one would.éxpect correspondence between
.the trait as measured by the test and the iteq score. The
two most commonly used correlation coefficients with
dichotomous items a;e the point biserial and the biserial
correlation coefficients. Both were developed from the
Pearson product moment correlation {Ghiselli, Campbell and
Zedeck, 1981; Lord and Novick, 1968; Tate, 1955). The point
- bisgrial correlation coefficient (point biserial r) is
apblicable when one of the variables being correliated (the
item score) represents a true dichotomy and the other
variable (criterion or total test score) is continuous and
normally distributed. The biserial correlation coefficient
(biserial r) is applicable when one of the variables (the
item score) has an underlying continuous normal distributicn
which has been artificially dichotomized and the other

variable is continuous and normally distributed (Lord and

Novick, 1968). McNemar (1962) has pointed out that the

assumptions for point biserial r are hard to Justify when it -

is suspected that the knowledge required to answer an item is

8
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continuously distributed.

Despite the basic difference in the assumptions for
these two coefficients, measurement specialists fail to agree
as to which method is most appropriate for estimating item
discrimination.. For example, Guilford (1965) and Nunnally
(1967) have argued in favour of point biserial r on the basis
that items selected using this method contribute more toward
internal consistency (estimated using the Kuder Richardson
formula 20) and test variability than items selected using
biseraal r. On the other hand, Henryson (1971) and Lord and
Novieck (1968) have supported biserial r as an index of
disérimination. They pfovided the following argumgﬁt: point
biserial r tends to be higher for medium difficulty (p=.5)
ifems than for very easy or very difficult (p .5) itemi. In
other words, given the way it is calculated, item difficultf
sets an upper limit for point biserial r. Biserial r is not
affected by the difficulty level of items. .If one wants to
have an item discéimination index that is independent of item
difficulty, biserial r would seem to be a more appropriate
index of discrimination than the point biserial r providing
that the underlying assumptions are satisfied. Furthermore,
the biserial r tends to be more stable from group to group
than the point biserial r (Lord and Novick, 1968).

Ashler (1979) has shown that the biserial r
underestimates correlation in the presence of guessing. No
such studies are réported for point biserial r but it seems
likely that the same effect would take place.

Aleamoni and Spencer (1969) and Engelhart (1965) have

9



reported a high correlation between point biserial r and
biserial r indices, obtained on the same data. gbﬁérs (1972)
has studied this problem and found that when the distribution
of criterion scores is normal bothi Indices lead to selection
of the same items if the items with maximum discrimination
are selected. However with a skewed distribution of criterion
scores the two indices lead to selection of different items.
The maximum values of biserial r and point biserial r are not
only affected bf the difficulty level of the items but also
by the distribution of_test scores. When the distribution of
test scores is symmetrical, maximum biserial r is 1.00,
regardless of difficulty whereas point biseriél r is maximum
for p=.50 and’"it decreases as difficulty departs from .50.
Furthermore, when a distribution of test scores departs from
symmetry, i.e., becomes skewed in cone or anotheF‘direct;onx
the maximum biserial r may be greater than cne (Lord and
Novick, 1968; Richardson, "1936b).

Several investigators (Guilford, 195%4; Henrysson, 1963;
Zubin, 1934) have indicated. that both point biserial r and
biserial r between an item and the total test score are
spuriously high if the item score is included in the total
test score. They have suggested that point biserial r and
biserial r should either be corrected or the total test score
should be calculated after éxcluding the item under
consideration. Several formulae have been suggested for
correcting inflated point biserial r and biserial r.
Moreover, Cureton (1966), Wolf (1967) and Berk (1978) have
eﬁpirical;y'investigated the effect of these corrections on

10
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point biserial r and biserial r, under conditions of varying

test length. They found that for tests of 40 or more items,

the mean differences between corrected and uncorrected

indices was less than .10. The rank order Sorrelation ~
between corrected and uncorrected point biserial r and also

between corrected and uncorrected biserial r was .99.

On the basis of the above studies, one can cbnclude that
the choice between biserial r and pecint biserial r should
depend on the naturg and purpose of the test. If items for a
test are selected on the basis of point biserial r, one would
more likely select a majority of items having difficulties
around .5, because point biserial r is maximum for p=.5 aﬁd
it decreases as item difficulty depart from .50. If one
wishes ;o.have a test in which item‘difficulties are spread
out or concentrated on either end, i;/hould‘be more
appropriate to use biserial r as it-is not affected by item
difficulty. \

It appears that when developing norm referenced tests
one- needs to collect statistics of item difficulty and item
diserimination., Traditionally these statistics are collected
by testing items on a sample of examinees. Cooper and Fiske
(1976), Lord and Novick (1968}, Neill and Jackson (1970) and
Nunnally (1967) have stated that estimates of item parameters
are subject to considerable fluctuation unless the sample
size is very large. They have indicated that with a small
sample size, there are too many opportunities for chance
error in item analysis. For this reason, they have suggested
that items should be pretested on a large sample of

11



examinees, preferably 5 to 10 times the number of items.
These examinées should be representative of the population in
wh;ch:the final test is to be used. bne ﬁrincipal difficulty
which test constructors face/when analyzing_items is that of
obtaining a rep?esentatiye sample of adequate size to pretest
the items. Many school officials and job supervisors are

4 . .

reluctant to release a large number of individuals for blocks
) -~

of time for testing. As a result, items areioften tried out

on a small sample of co-operative individuals. Furthermore,
the inigial item %ool consists of a considerably larger
ngmbe? of items than the number of items one-intends\io have
"in the final form of the te§t.l The behavior of examinees,
who are faced with»more itemsrféan they can seriously
consider within the time limit, varies considerably. The
bolder, less conscientious tend to guess the answers to a
large number of items. If ié also probably true that even
very serious examinees do not finish the test with the same
degree of alertness and eagerness that they began it.

One possible solution for the problem discussed above is
to give a small number of items to¢ each examinee. If each
individual was required tc try a very small sample of items
rather than all the items in the £est, it would be easier. to

"get people to cooperate. As a result a more representative
énd larger sample of individuals is likely to be obtained.
This approach will also make it possible to collect data on a
large number of items. This samplink approach is often
referred to as multiple matrix saﬁpling, item-examinee
sampling, matrix sampling, or-incidencF sampling.

12



Multiple Matrix Sampling

The multiple matrix sampling (MMS) model was first
outlined by Lord (1962). He develoﬁed this model as an
alternative to traditionally used examinee sampling in
response {o the need for developing test norms that are
representative and demand less of each examinee.

.In a multiple matrix sampling procedure, a set of items
is divided into different subtests, and each subtest is
administered to a different subgroup of examinees, selected
from the poﬁulation of examinees. In this seétioﬁ'the
designs used in MMS literature for dividing itemé into
. subtests, the mathematical framework in MMS and the research

related to MMS are discussed.

Desj i in MMS:
A number of designs have been used in the MMS literature

for allocating items to subtests. The most commonly used
designs are as follows: .

(a) Non-overlapping multiple matrix sampling design
(NMMS): These deéigns_represent a class of designs where
random samples of items are drawn in such a way that all
items are sampled but any given item appears in only one
subtest. A set of honovenlapping matrix samples results when
every item is sampled without replacement. This sampling is
often referred to as exhaustive NMMS (Sirotnik, 1974).

(b) Multiple matrix sampling with replacement (MMSWR):
These represent a class of designs in which a random sample

of items is drawn from a pool of items, but these items are
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replaced before drawing another sample of items. Thus the
items are sampled without replacement within each subtest but
with replacement among subtests. Infthis design it is
possible that some items in the set are not included in any
subtest whereas other items are included in more than one
sqbtest.

({e) Partially balanced incomplete block design (PBIB)
and balanced incomplete block design (BIB): These designs
aré special cases of MMSWR designs, in which some
restrictions are‘piaced on the random sampling of items. In
BIB designs, items are sampled amonglsubtests in such a way
that each {tem is repeated an equal number of times among
subtests and alsc each item is pai:ed with each other item an
equal number of times. In PBIB designs, each item appears
with an equal frequency among subtests, but item pairing dqes
not_occur with an equal frequency and for certain designs
some ifem pairs may not occur.

The main difference between NHMS, MMSWR, BIB, and PBIB
designs is .that in NMMS, each item appears only once among
subtests and inter-item data are available only for those
items within any given subtest, but not for items occuring in
dfferent subtests. In MMSWR designs, it is possible that
some items in the set are not included in any subtests,
whereas some items are included in more than one subtest. In
PBIB designs, inter-item data are available for most of the
items depending on the design but not necessarily for all the
items in the test. In BIB designs inter-item datz are
available for all items in the tests.

14



Méthematical Framework in MMS '

The obvious difficulty with MMS is that since 21l the
items are not administered to all of the individuals, one can
not estimate parameter§ in thé same way as one would with
examinee sampling. Several investigators have focuﬁed on the
development of formulae for estimating parameters such as
test meahs, variances, standard error of the mean and the
standard error of thé variances etc. from MMS designs.

Hooke (1956a, 1956b) developed an algebréic function
involving symmetric polynomials of the elements in a2 matrix.
These funct%ons'are callea generalized symmetric means
(gsm's) and have the property of being inherited on the
average, i1.e., the expected value of a gsm in a matrix sample
is equal to the gsm in the matrix population. The linear
combinations of gsm's called bipolykays can be used to obtain
an estimate of the moments of the matrix population. Lord
and Novick (1968) and Shoemaker (1973b) have used Hooke's
formulation to derive the formulae for estimating the mean,
variance and other moments of the matrix population via MMS.
An alternative\yo Hooke's approach was proposed by Sirotnik
(1970b; 1974). He derived formulae for estimating population
parameters such as the mean and variance using two-way
(examinee by item) analysis of variance‘(ANOVA).

In both Hooke's method of gsm and the ANOVA model, data
obtained using NMMS or MMSWR designs are analyzed using
lindividual matrix samples. The point estimates of different

moments of the population are obtained on each single matrix.

e
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These estimates are averaged over all matrices to-@btain the
best estimate (or pooled estimate) of the moments of the
pepulation. Since the mean of unbiased estimates is also
unbiased, the pooled estimates of the moments are unbiased.
When estimating the standard error of the moments, the
situation becomes more c0mplicéted because the matrices
sampled are not independent. Thus neither of the above two
methods results in an exact formula for estimating the
standard error of the mean, variance and other higher moments
(Pandey and Shoemaker, 1975). For other designs such as PBIB
and BIB designs, single estimates of the mezn and variance of
the whele distribution are obtazined. Knapp (1973) has
suggested that ;n these designs, there seems torbe no way to'
derive estimates of standard errors of means and variances.
Sirotnik and Wel%ington (1977) and Wellington (1976) have
solved the problem of estimating the standard errors of
méments. They have extended the use of gsm's defined by
Hooke to rectangular arrays. Instead of focusing on the
individual matrices in MMS designs, they have uged gsm's on
an entire configuration of sampled data. They have shown
that gsm's computed on the entire configuration of sampled
data give unbiasea estimates of corresponding gsm's computed
for the population. With this general approach, all current
matrix sampling designs (e.g., NMMS, PBIB, BIB, etc.) are
analyzed in a similar way. Sirotnik-and Wellington (1977)
have provided formulae in terms of gsm's for deriving
estimates of the population mean, variance and their standard
errcrs.” They have used the term "incidence sampling" to
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refer to the configuration of data points or entries sampled
from a matrix population.

Using the incidence sampliné approach, Knapp (1979) has
developed equations in terms of gsm's to estimate popuiation
covariances between two sets of measurements and their
standard errors. However, although covariance estimates are
unbiased, they have larger standard errors than covariance
estimates obtained using those pairs for which paired data

are available.

c a MM

The literature which currently exists concerning MMS ﬁay
be divided into the following classes: (a) Studies in which
the main purpose was the validation of MMS procedure for
estimating the population mean, variance and distribution of
test scores. (b) Studies in which the effect of differenf
sampling plans (i.e., effect of variation of sample size,
number of subtests, number of items per subtest, etec.) on’
.estimates of population mean and variance was investigated.
(c) Studies designed to measure the influences of
psychometric characteristics of the test itself and the
nature of the distribution of the examinee population on \
‘estimation of population parameters. (d) Studies related to
context effect. (&) Other studies related to the
applicability of MMS in other situations.

(?) The validation studies for means, variances and test

score distributions are of two types: a posteriori and a

re
priori. ‘The a posteriori studies were conducted on already
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existing data, i.e., data were available for all examinees,
whereas for a priori studies, data were collected using MMS.

An initial validation study of the a posteriori type was
conducted by Lord (1962). Lord (1962) compared the mean, ..
variance and distribution of test scores obtained on 1000
'examinees én a 70 item vocabulary test with estimatesvof
means, variances and the distribution of scores obtained
using NMMS designs and examinee sampling. For NMMS designs
the 70 items were divided into 10 subtests with 7 items in
each subtest and 1000 examinees were divided into 10 random
samples with 100 examinees in each sample. For each examinee
the item scores on a subtest of 7 items were obtained. For
examinee sampling the item scores on the whole test were
obtained for ten examinee samples with 100 examinees in each
sample. The results showed general superiority of MMS over
examinee sampling (in terms of closeness to the population
value) for estimating population mean and distribution of the
test scores. However for estimating variance MMS tends to be
as good as examinee sampling.

Plumlee (1964) administered a 30 item test to a
population of 200 clerical applicants and calculated the test
mean and standard deviation for the population, She compaped
this mean and standard deviation with the estimates of means
and standard deviations obtained using examinee sampling and
MMS (NMMS design). The results showed that the test mean
estimated by MMS was closer to the populatioh test mean than
the test means estimated by examinee sampling (there were ten
examinee samples and one MMS). The test standard deviationsf
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estimated by the examinee sampling were closer to the
population test standard deviation than the test standard
deviation estimated by MMS. However.Plumlee has stated that
the standard deviation estimated by ﬁMS was within the error _
of measurement that would be expected in giving another form
of the test. Cook and Stufflebeam (1967) sampled without
replacement (i.e.,NMMS design). They compared estimates of
population means and variances obtained using examinee
samples of four differen£ fractions of total population (10%,
25%, 33%, and 50%) with estimates of population means and
variances obtained using MMS of various subtest sizes (10%,
éS%, 33% and 50% of total items). Their results lend further
support to Lord'!s (1962) and Plumlee's (1964) conclusions.
Hewever, the results with respect to different sizes bf the
subtest in the MMS showed no strong relationship betweeen the
size of the item sample subtest and the efficiency of the
estimation of the test score distribution. In all the abové
studies, when comparing MMS procedures with examinee sampling
procedures, the number of observations was kept constant. An

observation was defined as a response to one item by an

individual.

Owens and Stufflebeam (1969) in an a priori study
collected data from examinees!' samples of various sizes (.06,
.12, and .24 of the population®) and compared these results
Wwith estimates of the test score distribution based on MMS
(NMMS design) of ﬁarious'subtest sizes (.06, .12: and .24 of
the items). The results indicated that MMS provides

estimates of population meams and variances that are as good
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as traditionaly-used examinee sampling. Cahen, Romberg and
Swirner (1970) in an a priori study used two parallel forms
of the same t;;t cn the same examinees in a number of
schools. Data on one form were obtained using a MMS
Procedure, whereas data on another form were obtaingd using -
the examineéssampling procedure. The corrélation 6f
estimated test means and variances of the two forms‘pbtained
from 81 schools was calculated. They concluded that the
relative position of schools with regard to test mean and
variznce remained the same regardless of the sampling
procedure. In all the above a priori studies the numbér of
5bservations when comparing examinee sampling with MMS was
kept constant.

On the basis of the above review one can conclude that
when the number of observations are kept constant MMS gives
more precise estimates of the population mean than examinee
.sampling. Estimates of the population variance are less
precise with MMS, but are generally not significantly worse
than exaﬁinee sampling estimates.

(b) The research for the most efficient item sample size
and item sample design represents the second trend in the MMS
literature. 1In a series of post-hoc studies, Shoemaker
(19703;,1970b£ 197T1b and 1972) systematically manipulated the
number of subtests, the number of iteqs per subtest and the
number of examinees responding to eac; subtest to determine
the relative merits of several MMS précedures. The item
subtests we}e sampled using NMMS or MMSWR designs. The
general finding that showed up consistently in these studies
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was that an important factor in the estimation of population
mean and variance'was.tﬁe number of observations. As the
number of observations increased estimates of population
means and ;ariances obtained from different MMS plans also
improvedL However, for estimating the population mean for a
given number of observations, Shoemaker concluded that the
most precise estimate (in terms of standard error of
estimate) of the population mean involved giving the smallest
possible number of items to each examinee and conversely, the
least precise estimate involved giving all items to few
examinees,

Barcikowski (1974), and Moy and Barcikowski (1974),
examined the issue of item subtest sizes as a part of their
investigations., They simulated data by computer. The item
subtests were sampled using NMHS and MMSWR designs. The
general findings of these studies which held the number of
cbservations constant were as follows: When estimating the
'population mean the estimates improved as the number of items
per gubtest decreased with resulting increases in the number
of examinees tested. The most precise estimates of the
population mean (in terms of standared error) invelved giving
the fewest possiblé items to most people and conversely, the
least precise estimates were obtained by giving ﬁhe whole
test to a lesser number of examinees. When estimating the
population variance the most precise estimétes of the
populﬁgion variance for tests with item discriminations in
the range of .05 to .50, were obtained from MMS plans in
which each subtest contained .25 to .50 of the total number
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of items.

In most of the research in MMS, exhaustive
noncverlapping designs are used. Relatively little research
is available with regard to relative merits of different
designé. Lord (1962) and Lord and No?ick (1968) have stated
that sampling without replacement is better than sampling
with replacement. Furthermore, exhaustive sampling is better
than nonexhaustive sampling because in estimating the
population mean the omission of even one item could have a
considerable effect on the standard error of the mean. Cook
and Stufflebeam (1967) and Plumlee (1964) have supported
Lord's statement. Knapp (1968) has recommended the use of
BIB designs for estimating group parameters. He has stated
that 'in BIB designs, inter-item covariances can be obtained
for all the items whereas in.NMMS designs these data are
available only for those items that are within any given
matrix sample, not for items in %Nfferent matrix samples.
Since test variance and test reliability (calculated using
.the Kuder Richardson formula 20) take into account
inter-relationships among items, BIB designs would seem to 5e
better designs to use than NMMS designs. Shoemaker (1973a)
has pointed out that BIB designs are often very hard to
obtain and difficult to implement because the number of
subtests required is excessively large. This limitation
becomes extremely serious when the number of items exceeds
50. He recommends the use of PBIB design when inter-item .
datz are required. Generally in these designs, inter-item
data may not be available for all items, but they are more
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practical to use than BIB designs. éhoemaker.(1973a)
compared estimates of the first four moments obtained using =
PBIB design with estimates obtained using.a MMSWR design
where all items were sampled. He found that PBIB design was
better than MMSWR. However, the superiority of PBIB design
was more apparent in the estimation of the mean than for
higher moments. These findings are consistent with the
findings of Scheetz (1976).

On the basis of above studies one can draw the following
conclusions: The standard error.of the mean (SE p) and
standard error of the variance (SEc?) decrease generally with
an increase in the number of observations; when estimating
the population mean for a given number of observations,
inereasing the number of subtests‘is preferable to increasing
the number of items per subtest. The converse is true for
estimating the population variance; for all practical
.purposes NMMS design§ provide almost as good estimates of the
population mean and variance as PBIB or BIB desighs