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The Use of Generalizability Theory
for Assessing Relations among Items
within Domains in Diagnostic Testing
George B. Macready
University of Maryland

The purpose of this study was to describe a proce-
dure based on generalizability theory for assessing the
adequacy of item groupings generated by means of a
domain-referenced testing system. The procedure is
based on an exploration of the extent to which items
are grouped into homogeneous sets with similar levels
of difficulty, when the sets are defined on the basis of
a logical analysis of the perceived skills underlying the
items. In addition, an example of the use of the devel-
oped analytic procedure is presented.

Educational achievement tests are generally con-
structed to be representative of &dquo;important&dquo; con-
tent areas within the subject area of interest. How-
ever, in the construction of such tests, the subject
matter is often not specified in detail. This can
result in confusion regarding the manner in which
test items are selected for a test or the kinds of
statements that can be appropriately made about
examinees based on their test performance.
One approach to creating educational achieve-

ment tests that have clear content structure is

domain-referenced testing (Hively, 1974; Hively,
Patterson, & Page, 1968). Through this approach,
subsets of items called domains are defined in terms
of operationally stated rules called item form rules,
which allow for an explicit description of the com-
plete set of items that could be written (the item
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&dquo;universe&dquo;). Hively (1970), in discussing the na-
ture of domain-referenced testing, stated:

A domain-referenced testing system consists
of rules for sampling items from a domain and
administering them to an individual ... in

order to obtain estimates of the probability that
the individual ... could answer an arbitrarily
chosen item from the domain ... Precise def-
inition of a domain and its subsets provides
for an exact diagnosis of performance. Thus
... once we have diagnosed a student with
respect to a defined domain, we may be able
to predict his behavior in natural situations
which have properties in common with test
situations within the domain. (p. 3)

The purpose of this paper is to present a pro-
cedure based on generalizability theory for assess-
ing the effectiveness with which domain-refer-
enced testing systems provide acceptable groupings
of items. Also, the procedure is proposed as useful
for identifying which, if any, of the generated do-
mains may be in need of modification.

With the adoption of a domain-referenced ap-
proach to testing, it is possible to assess relations
between an examinee’s response to a set of ran-

domly selected items from a specified domain and
the proportion of all items in that domain to which
the examinee could (theoretically) correctly re-

spond. Within the area of diagnostic testing in which
assessments are made regarding the presence of
specific skills or traits, it may be desirable to at-
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tempt to define item domains narrow in scope. This
makes it more reasonable to assume that the nec-

essary and sufficient skills required to answer any
item in the domain is the same (or similar) for all
items. Thus, except for error of measurement, ex-
aminees may be expected either to be able to re-
spond correctly to all items in a domain or to be
incapable of responding correctly to any of the

items in that domain. When domains are effectively
defined in terms of scope, two properties may fre-
quently be expected to be present. First, all items
within a domain will have comparable levels of
item difficulty and, second, a high level of homo-
geneity among items will exist (Loevinger, 1947).

If these conditions are approximated, estimates
of examinees’ expected item scores across all items
in a domain (here called &dquo;domain scores&dquo;) will
tend to be accurately estimated from their observed
scores on even a small number of randomly se-
lected items from the domain. In addition, esti-
mated domain scores should effectively identify
which examinees have acquired the necessary and
sufficient skills to respond correctly to all items

within the domain. More extensive discussions of
desired interitem relations within domains which
are appropriate for diagnostic testing are provided
by Harris (1974) and Macready and Merwin (1973).

If a domain shows what is considered to be too
little homogeneity among items or too much var-
iability in item difficulty, it may be desirable to try
to redefine the item from rules defining the domain
such that the scope of item content for the domain
is narrowed. In other cases, it may be desirable to

broaden the scope of the domain. This is especially
true if two or more domains of items may be col-

lapsed or restructured without greatly reducing the
extent to which the desired criteria are met. Such

an approach would appear to be preferable to as-
sessing the adequacy of specific items from a do-
main, since specific modification or deletion would
result in ambiguity regarding the resulting item uni-
verse (see Kane, 1982; Lumsden, 1976).

Attempts to redefine domains might incorporate
a conceptual assessment of item homogeneity using
procedures suggested by Hartke (1978) to identify
possibly viable domain revisions. Once a domain
structure has been established (whether original or

revised), its adequacy can be addressed through an
assessment of item homogeneity and variability in
item difficulty using the procedures presented in
this paper.
To determine the accuracy with which exami-

nees’ domain scores are in fact estimated with item

samples of a specified size, a &dquo;generalizability
coefficient&dquo; may be used. The coefficient is an

estimate of the ratio of domain score variance to

expected observed score variance and provides an
index of the relative accuracy with which scores

obtained on a randomly sampled subset of items
of a given size permit generalization to the universe
of elements from which the subset was sampled.
Cronbach, Gleser, Nanda, and Rajaratnam (1972)
suggest that the undifferentiated error component
in classical reliability theory might more reasona-
bly be differentiated. Such differentiation may pro-
vide a better understanding of sources of error and
their possible effects. Under this approach the total
variance among item scores is attributed to multiple
sources by the incorporation of a multifactor anal-
ysis of variance model. Cronbach et al. (1972) have
called such an analysis of the components of var-
iance a &dquo;generalizability study.&dquo; The application
of such studies in the assessment of criterion-ref-

erenced tests has been given considerable attention
by Brennan (1978, 1979), Brennan and Kane (1977a,
1977b), and Cardinet, Toumeur, and Allal (1976).

Method

The domain-referenced testing system used to
exemplify the procedure presented in this study was
the section of Honeywell’s &dquo;Arithmetic Test Gen-
eration Program&dquo; (ATG) dealing with multiplica-
tion of whole numbers (Patterson & Vierling, 1970).
The ATG is a revision of the testing system de-
scribed and used by Hively et al. (1968).

In the area of multiplication of whole numbers,
the ATG has grouped items into 20 separate do-
mains. Items from six of the domains were used

in this study. In the selection of the six domains

that were considered, an attempt was made to ob-
tain domains whose average item difficulties were

neither extremely high nor low. This was done to
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prevent reduction in variability due to extreme dif-
ficulties from limiting the effectiveness of the gen-
eralizability study. The general item characteristics
found within each of the six domains are listed in

Table 1.

Ten items were randomly generated from each
domain with the restriction that half the items had

four-digit multiplicands and half had three-digit
multiplicands. The 60 items generated constituted
the specific content of the test. Students were tested
on each of two consecutive days. (This was nec-
essary due to practical considerations and not be-
cause &dquo;testing occasions&dquo; was of particular interest
as a facet in the analysis). Items from three domains
were administered on the first day, and the items
from the remaining domains on the subsequent day.
The sets of items from the various domains were

administered on the two days in a counterbalanced
manner in order to eliminate testing occasion. A
comparable number of the students from each class
were randomly assigned to each of the six forms

of the test defined by the counterbalancing proce-
dure.

During each day of testing, one randomly chosen
item from each domain being considered was pre-
sented twice to the students. The specific items that
were presented twice differed across forms of the
test. (However, the six test forms contained the

same items). The use of different items for two

presentations on each test form was done to obtain
samples of &dquo;repeated&dquo; items from each domain
which were more representative of their respective
domains. The specific location on the test of the
repeated items was held constant from form to form
and from testing period to testing period.

Subjects were 260 students, equal numbers of
whom were randomly selected from each of 10
fifth-grade classrooms in the Minneapolis Public
School System. The actual sampling of classrooms
was done by school so that when a particular school
was selected, all of the fifth-grade classrooms in
that school were involved in the study.

Table 1

Characteristics Describing Items Found in the Domains Studied
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Results

Assessment of Generalizability

A generalizability study was conducted to de-
termine the variance associated with each of the

following facets:

c-classrooms at the fifth-grade level (10 class-
rooms were selected);

d-domains of multiplication items (six different
domains of multiplication items were included);

n-number of digits found in the multiplicand of
each item (multiplicands with three and four dig-
its were included);

i: dn-items nested within the domains with a given
number of digits in their multiplicands (five items
were randomly sampled from each of 12 dn cat-
egories) ; and

s :c-students nested within classrooms (26 stu-

dents from each class were randomly sampled).

The estimated variance components for each source
of variation, tY2( ), resulting from the above de-
sign, along with their corresponding estimated
standard errors (see Searle, 1971, p. 417) and the
proportions of total variance accounted for, tY2( )/
&2 to,a,, are presented in Table 2.

In evaluating the values of the estimated variance
components obtained in this study, it should be

pointed out that all of their estimated standard er-
rors are small in magnitude; thus, it is reasonable
to assume that the estimated variance components
are reasonably stable (see Searle, 1971, p. 417).
Note that the single source of variation with the
largest variance is s:c x i: dn, e, which accounts
for 47% of the total variance. This result would

seem to indicate that one or more domains contain
items which do not result in highly homogeneous
response outcomes for students, thus deviating from
the desired property of item homogeneity within
each domain. In turn, this would seem to indicate
the need for separate assessments of each domain
with respect to item homogeneity. The remaining
four sources of variation, which account for one
or more percent of the total variance, are c; s:c; d;
and s:c x d, which in combination account for
51 % of the total variance. The first three of these

relatively large components of variance indicate
that there is considerable variability among means
related to the various levels of classrooms, students
(within classrooms), and domains. The large var-
iance obtained for the last of these sources suggests
that there are differences in the relative difficulty
of items from various domains occurring for var-
ious students. In the case of all four of the above

sources, the results obtained are not necessarily
required for an effectively structured domain-ref-
erenced testing system, although they are compat-
ible with such a system.

Further insights into the underlying structure of
the domain-referenced testing system were pro-
vided by looking at those remaining sources of
variation that accounted for only a small proportion
of the item score variance. For example, the small
amount of variation related to &dquo;number of digits&dquo;
in the multiplicand (i.e., either three or four digits)
provides support for the contention that this vari-
able does not need to be restricted to a single level
in order to attain comparability of item difficulties
within domains. This conclusion is given further
support by the fact that none of the interaction

effects involving number of digits accounted for
sizable portions of the total item score variance.
These findings suggest that the specification of
number of digits in the multiplicand within the item
form rules for the domains is not necessary. One

possible implication of this assessment might be
that items with three-digit multiplicands may ef-
fectively be used alone to estimate students’ do-
main scores. Such a practice could prove quite
valuable because of the savings in time provided
by students working the shorter items.

Another source of variation which accounted for

a very small portion of the total variance was i :dn.
This suggests that the differences in item difficul-
ties among items within a given item set (i.e., items
falling within the same domain and with the same
number of digits in their multiplicand) tend to be
small. This conclusion is supported further by sep-
arate nested analyses that were run on each set of
items.

Table 3 presents both the absolute [6-~)] and
the relative [&2(i)/&2 tolall variances attributed to item
difficulties within each set of items. (These statis-
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Table 2

Generalizability Study Analysis of Variance

a This variance component is assumed to be equal to zero

b Although the levels of this variable were not randomly
selected, for the purpose of this study the variable is
assumed to be random.

tics are based on separate analyses of the obtained
item scores falling within the same domain and
having the same number of digits in their multi-
plicands, incorporating the design s:c x i). For
most combinations of levels of d and n, both Ô’2(i)
and Ô’2(i)/Ô’~otal are quite small. This suggests that
for most of the domains considered, the criterion
of equivalent difficulty of items within domains is
closely approximated. One possible exception to
the above conclusion may be found for the items

in Domain 15, where the criterion of equal item
difficulty is less closely approximated. This may
suggest the desirability of exploring the effects of
restructuring Domain 15 into a number of more
content-restricted subdomains or a recombination
of subsections of the domain with other domains.
Such modifications are not considered for the data
set used in this paper, since the appropriate level
of restructuring of a domain-referenced testing sys-
tem is not at the item sample level but at the item
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Table 3
Absolute and Relative Variance Attributable to

Items for Specified Combinations of d and n

aThis variance component was assumed to be equal to zero.

universe level, namely, that of complete domains.
The remaining sources of variation presented in

Table 2 which accounted for small portions of the
total item variance were composed of classroom
interaction effects. One possible conclusion to be
drawn from these relatively small variances is that
this domain-referenced test appears to provide a
comparable structure for students from different
classrooms.

Comparisons among Coefficients of
Generalizability

In an attempt to describe the generalizability that
is possible from randomly sampled items from a
domain to the item universe from which they were
sampled, two different classes of generalizability
coefficients related to each domain were computed
and compared. These two classes of coefficients
related to each domain are presented in Table 4.
Note that all generalizability coefficients presented

in Table 4 have been corrected for length to a single
item or observation test and thus provide estimates
of the mean correlations between items within the

specified domains (see Cronbach, 1951). These
corrections also allow for direct comparisons among
all of the coefficients, even though they may be
based on different numbers of items.
The coefficients within the first of these two

classes were based on the original unconstrained
definitions of item domains and thus are equivalent
to alpha coefficients corrected to item length one,
based on the design s x i where n, = 10 for each

domain and may be defined as

The second class of coefficients was based on the

design s x r, where r represents repeated presen-
tations of an item sampled at two levels (n, =
2). This design provides the maximum possible
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constrained conception of domain scope, where only
an item and its repeated presentations are consid-
ered to be grouped within a set. Thus, the coeffi-
cients based on this constrained domain conception
are equivalent to alpha coefficients corrected for
length as above, based on the replicates of the
single item from each domain that was adminis-
tered on two occasions to examinees and may be

defined as

Under this conception of domain scope, it may be

assumed that a logical upper bound for item hom-
ogeneity and comparability of item difficulties for
domains is obtained. For this reason comparisons
between these maximally constrained domains with
unconstrained domains may be useful for identi-

fying appropriate content scope for domains. In a
similar manner, collapsing all domains into a single

set may provide a logical lower bound for item
homogeneity and variability of item difficulties.

For each of the domains, only minor to moderate
differences in magnitude among the generalizabil-
ity coefficients were obtained under the two levels
of domain constraint, with the coefficients obtained
under the constrained approach resulting in slightly
larger values. However, all of these coefficients
are quite large for a test with a single item and a
single observation. Thus, for all domains, very large
proportions of total variability in domain scores

can be accounted for by small numbers of test items.
To help assess the differences in magnitude found

between the pair of generalizability coefficients
for each domain, ratios of signal/noise values,
(S/N,)/(S/Nu), related to corresponding pairs of
constrained (c) and unconstrained (u) generaliza-
bility coefficients corrected to correspond to tests
of equal length, are presented in Table 4. These
ratios are defined as follows:

Table 4
Assessment of Internal Consistency Among Items Within Domains

aThese coefficients have been corrected to correspond to tests
containing a single item or observation.

bThe ratios between S/N values are based on generalizability
coefficients corrected to correspond to tests of equal length.
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where subscripts &dquo;c&dquo; and &dquo;u,&dquo; respectively, des-
ignate estimated variance components (or gener-
alizability coefficients) based on the constrained
and the unconstrained design analyses. Note that
the S/N value corresponding to a specific gener-
alizability coefficient is simply that coefficient di-
vided by one minus the coefficient. Such ratios of
S/N values specify the proportional test length nec-
essary for the generalizability coefficient related to
the unconstrained design (i.e., the generalizability
coefficient found in the denominator of the ratio)
to equal the constrained design generalizability
coefficient at its original test length (see Cronbach
& Gleser, 1964). Cronbach, Schonemann, and
McKie (1965) have suggested a rule of thumb for
assessing such ratios: two coefficients manifest

comparable levels of generalizability if the ratio of
their S/N values falls between the limits of .83 and

1.20.

The ratios of S/N values based on the two classes
of generalizability coefficients presented in Table
4 show considerable variability in magnitude from
one domain to another. In the case of Domains 15
and 18 the magnitudes of the above ratios of S/N
values suggest that these domains show consider-

ably less internal consistency than would be ob-
tained under maximum content restriction of the
domains. In fact, the degree of internal consistency
found within these two unconstrained domains is
at best no higher than that found among all items
across all domains (this latter test structure corre-

sponds to an &dquo;overall test&dquo; design, s x i, for which
the six domains are collapsed and thus n, = 60).
This conclusion is supported by the ratio of S/N
values (which have been corrected to correspond
to tests of equal length) based on the unconstrained

and the overall test designs, presented in the last
row of Table 4. However, this is not the case for
the other four domains. These ratios of S/N values
are defined as

where the subscript &dquo;o&dquo; designates estimated var-
iance components based on the overall test design
analysis.
The implication of these findings for Domains

15 and 18 is that their underlying item form rules
are in need of modification. The kind of modifi-
cations that would seem to be appropriate are those
that would reduce the scope of the content found

within the domains. Such modifications of item
form rules would, it is hoped, allow the degree of
internal consistency found within the restructured
domains to better approach their &dquo;upper bounds.&dquo;
This, in turn, would allow for better generaliza-
bility to domain scores.

Discussion

The results of this example indicate that for the
content area considered, the logical approach used
to define domains provides at least a reasonable
first approximation to desired item groupings. For
some of the domains studied, it would appear to

be possible to obtain accurate estimation of how
students can be expected to perform on an entire
domain of items based on their performance on a
small sample of items. These domains of internally
consistent items provide evidence in support of the
contention that greatly overlapping sets of skills
are necessary to correctly answer items within such
domains.

Additional research is needed to determine

whether attempted modifications of &dquo;inadequate&dquo;
item form rules can improve the degree of internal
consistency found among items within revised do-
mains. If increased internal consistency is not read-

ily obtainable, this may present an important lim-
itation to the domain-referenced approach for use
in diagnostic testing.
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