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FACTORS IN PERFORMANCE ON THE i
LAW SCHOOL ADMISSION TEST

EXECUTIVE SUMMARY

Typically, a test—such as the Law School Admission Test (LSAT), the primary focus
of this study-employs more than one type of item and/or different kinds of
content for a given item type. For these multi-faceted measures, the extent to
which the different types of test questions tap different aspects of a particular
ability, or in fact tap several different abilities, needs to be assessed. In
the case of the LSAT, as presently constituted, this issue does not appear to
have been resolved. As described in Section 1 of the main report, this study was
undertaken to clarify the internal structure of the LSAT, and shed light on the
nature of the ability or abilities measured by the three types of test items that
make up the LSAT-that 1is, reading comprehension, logical reasoning, and
analytical reasoning.

The study drew on data for two different forms of the LSAT, namely, the June 1991
form and the October 1991 form. For broader perspective, the study also used
data from the same two LSAT administrations, for a subsample composed of LSAT
examinees identified through file-matching procedures as having taken the
Graduate Record Examinations (GRE) General Test, between October 1988 and
December 1991, inclusive. Time interval between GRE and LSAT testing occasions,
without regard to order, ranged from five days to 36 months.

Items of the same types as those used in the current version of the LSAT have
been included in all editions of the GRE General Test since October 1981. Thus,
it was possible to draw on the substantial body of evidence generated in the GRE
context regarding relationships among these item types. This research is
reviewed in Section 2 of the report. Section 2 also includes information
pointing up (a) strong similarities in the "surface characteristics" of the three
item types as reflected in descriptions of the three item types in testing
program publications, and illustrative items from the LSAT and the GRE, as well
as (b) differences between the LSAT and the GRE with respect to internal
organization of test items, number of sections, and so on.

Within the joint LSAT/GRE sample it was possible to

(a) conduct parallel within-test analyses of correlations among the
three item types,

(b) assess time-related attenuating effects in patterns and levels of
between-test correlations involving scaled scores and specially
computed item-type subscores for the three common item types, and
ultimately, by using combined data from both the LSAT and the GRE,

(c) assess the extent to which patterns of correlations involving
parcels of items of three types common to both tests in the combined
LSAT/GRE sample were similar to those identified in the two separate
within-test analyses.

BESTCOPY AVAILABLE
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A series of related analyses, was undertaken.

First, separate analyses were made of within-test correlations involving
primarily scores on item-type parcels (sets of four to six items of the same
type) using

(a) LSAT data for a general sample of LSAT examinees and for the
selected sample, alluded to above, of LSAT examinees who also took
the GRE General Test (see Section 3), and

(b) GRE data for the selected LSAT/GRE sample, as reported in Section 4.

A unique feature of the study was the method of pooling different items of the
same type and position across multiple forms to create parcels used to generate
correlations for analysis.

Findings were generally parallel for the separate exploratory within-test factor
analyses based on parcels of items of the three types common to both tests. In
each analysis, when two factors were extracted, LSAT logical reasoning and
reading comprehension items defined one factor, while LSAT analytical reasoning
parcels defined the other. 1In the case of the LSAT, findings for the selected
sample who took the GRE were in all essential respects similar to those for the
general sample.

These parallel within-test findings suggested in both tests these item types
measure psychometrically distinguishable aspects of reasoning ability: aspects
of general or informal reasoning, defined by reading comprehension items and
logical reasoning items, on the one hand, and aspects of formal, deductive
reasoning, defined by analytical reasoning items, on the other.

Next, analyses were made of between-test correlations ihvolving reported, scaled
scores and specially computed item-type section scores. These analyses
(described in detail in Section 5) were designed in part to assess effects
associated with the fact that the LSAT observations and the GRE observations were
collected on different testing occasions separated by intervals ranging from less
than 10 days to 36 months. The between-test analyses included assessment of
time-related effects on between-test correlations involving the three item types
common to both tests.

In these analyses, profiles of correlations involving LSAT item types and their
GRE counterparts, computed for shorter-interval (between tests) and longer-
interval subgroups (< 10 days versus 19—-36 months) were found to be strikingly
similar with respect to pattern. They differed only with respect to level.

Results of the analysis of between-test correlations—observed and corrected for
attenuation due to the presence of measurement error—involving item types common
to both tests were consistent with the findings of the separate within-test
factor analyses. In both instances findings suggested psychometrically
distinguishable differences between aspects of general or informal reasoning
measured by reading comprehension and logical reasoning item types, on the one
hand, and aspects of formal, deductive reasoning tapped by the analytical
reasoning items, on the other.
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Last in the series of analyses, as described in Section 6, intercorrelations
involving the combined set of LSAT and GRE logical reasoning, reading
comprehension, and analytical reasoning item-type parcels were analyzed. The
sets of LSAT and GRE parcels used in the two separate analyses were combined to
produce intercorrelations for these analyses. The eigenvalues suggested that two
factors, one defined primarily by LSAT and GRE logical reasoning and reading
comprehension parcels and the other by LSAT and GRE analytical reasoning parcels,
sufficiently characterized the correlational structure for the combined parcels.

Some Implications

In essence, the study findings suggest a common underlying structure for logical
reasoning, reading comprehension, and analytical reasoning item type regardless
of the test (LSAT or GRE) in which they are used. The structure appears to
involve two dimensions. One dimension is represented by logical reasoning and
reading comprehension item types measuring general reasoning skills that appear
to be associated with the analysis of extended discourse. The other dimension
represents a more narrowly constrained, formal-deductive aspect of reasoning,
measured by the analytical reasoning item type.

For the LSAT, which currently reports only a single score to summarize
performance involving three different item types, perhaps the most central
conclusion supported by the findings is that

¢ the logical reasoning, reading comprehension, and analytical reasoning
item types included in the LSAT, have potential to generate more
information than is now being conveyed by the single LSAT scaled
score.

That potential is suggested by the finding that the LSAT item types measure
psychometrically distinguishable aspects of reasoning ability. This raises the
attendant possibility that the information provided by item-type subscores might
prove to be useful for predictive or diagnostic purposes in the LSAT context.

Questions concerning differential and/or incremental validity of subscores that
might be computed are of immediate interest. For example, one score based on
logical reasoning and reading comprehension items and a second score based on the
analytical reasoning items would be consistent with the basic two-factor
outcomes. Would the use of two scores, or perhaps a score for each LSAT item
type, result in improved prediction of first-year law school grades generally,
grades in particular courses or clusters of courses, grades in second-year
courses?

A study of the comparative validity of LSAT subscores such as those noted above,
for predicting such criteria—in general samples, and in samples defined by ethnic
group membership, age, gender, undergraduate major, and so on—would contribute
toward resolution of academically, psychometrically, and socially important
"differential validity" questions in the current LSAT context.
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Closely related to the foregoing are questions concerning incremental validity.
For example, does differential weighting of item-type subscores result in better
prediction of pertinent criteria (for example, grades in successive years of
legal education), than is provided by a total scaled score based on a simple sum
of section scores, in general samples of law students? In subgroups defined by
ethnicity, gender, age, undergraduate major, and so on?

Study findings indicate that between-test correlations involving LSAT reading
comprehension, logical reasoning, and analytical reasoning subscores and
corresponding GRE subscores are differentially resistant to time-related
attenuating influences. These findings suggest the possibility of differences
in relative stability for the abilities involved. In the present study,
inferences about relative stability, of course, are based on between-test
correlations for the respective item-type subscores. It seems important to make
a direct assessment of test-retest stability, short- and long-term, for LSAT
item-type subscores.

These and other study findings have incidental implications for the GRE context.
For example, the findings tend to confirm and extend conclusions based on GRE
studies, namely, that logical reasoning items and analytical reasoning items are
measuring psychometrically distinguishable aspects of reasoning ability. Thus,
research questions such as those raised above for the LSAT, also have
implications for continued research in the GRE context.

That LSAT logical reasoning, reading comprehension, and analytical reasoning
items and their GRE counterparts have a common factor structure is important
because this finding suggests that future research involving these item types in
the LSAT context can draw on relatively extensive GRE research findings (such as
those summarized briefly in Section 2 of the main report) both for formulating
working hypotheses and for evaluating LSAT research outcomes. It also follows
that as LSAT research findings involving these item types accrue, the LSAT
findings in turn can usefully inform research in the GRE context.

Jointly planned research projects involving item types common to both tests might
expedite attainment of objectives common to both testing programs—for example,
clarifying distinctions between logical reasoning and reading comprehension.

In this connection, given the observed affinity between logical reasoning and
reading comprehension—combined with hints of distinctiveness—it is noteworthy
that the version of the logical reasoning item type considered in this study for
both the LSAT and the GRE involves heavy reading comprehension requirements.

Accordingly, logical reasoning and reading comprehension are "linked" to some
degree by heavy reading demands. To the extent that it is possible to measure
"logical reasoning” using item types with limited reading demands, progress may
be made in clarifying distinctions between "logical reasoning"” and "reading
comprehension, " by cooperative research projects involving experimental logical
reasoning and analytical reasoning items, and operational items from both tests,
along lines followed in GRE research conducted by Emmerich, Enright, Rock, and
Tucker (1991), for example.



In reaching decisions regarding score definition and score reporting, the results
of this study involving data from both tests, suggest that both testing programs
might benefit from research projects capitalizing on the common structure that
appears to underly performance on the three types of items that are common to
both the LSAT and the GRE General Test.
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ABSTRACT

This study was undertaken to clarify the internal structure of the Law School
Admission Test (LSAT), and shed light on the ability or abilities measured by the
three item types that make up the test (logical reasoning, analytical reasoning,
and reading comprehension). The study used data for two forms of the LSAT in (a)
general samples of LSAT examinees, and (b) a subsample of LSAT examinees
identified as having also taken the GRE General Test (GRE), which includes the
three item types that make up the LSAT.

Within the joint LSAT/GRE sample, it was possible to conduct separate, parallel
factor analyses of parcels of item types common to both tests, assess time-
related effects on between-test correlations, and analyze factor structure
underlying performance on combined LSAT and GRE parcels of logical reasoning,
analytical reasoning, and reading comprehension items. Unique features of the
study were (a) the use of data from both the LSAT and the GRE General Test to
assess structure in item types common to both tests, and (b) the method of
pooling different items of the same type and position across multiple test forms
in order to create parcels used to generate correlations for analysis.

Study findings suggested a similar structure for logical reasoning, analytical
reasoning, and reading comprehension item types, regardless of the test (LSAT or
GRE) in which they are used. The structure entails two dimensions—one involving
aspects of general reasoning as measured by logical reasoning and reading
comprehension item types, and the other more narrowly constrained, formal-
deductive aspects of reasoning tapped by the analytical reasoning item type.

Implications of the findings are discussed.
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FACTORS IN PERFORMANCE 1
ON THE LAW SCHOOL ADMISSION TEST

SECTION 1. INTRODUCTION

The Law School Admission Test (LSAT) is described (Law School Admission Services,
1991, p. 2) as being designed

". . . to measure skills that are essential for success in law school:
the ability to read and comprehend complex texts with accuracy and
insight, organize and manage information and draw reasonable inferences
from it, reason critically, and analyze and evaluate the reasoning and
argument of others. These skills are typically developed over a long
period of time. The LSAT provides candidates and law schools with a
useful measure of a candidate’s ability to handle new information, using
well-developed reading skills and careful and logical thought as the
principal tools."

The skills alluded to above are assessed operationally by three different types
of multiple-choice test questions or items, labelled, reading comprehension,
analytical reasoning, and logical reasoning, described (for example, LSAT, 1991),
as follows:

¢ Reading comprehension questions require test takers to read carefully
and accurately, to determine the relationships among the various parts
of the passage, and to draw reasonable inferences from the material in
the passage.

e Each logical reasoning question requires the examinee to read and
comprehend the argument or the reasoning contained in a short passage,
and then answer one or two questions about it. ,The questions test a
variety of abilities involved in reasoning logically and critically
(including, for example,) drawing reasonable conclusions from given
evidence or premises.

¢ Analytical reasoning items are designed to measure the ability to
understand a structure of relationships and to draw conclusions about
the structure. The examinee is asked to make deductions from a set of
statements, rules, or conditions that describe relationships among
entities such as persons, places, things, or events,

These three item types have been used in all forms of the LSAT developed since
1982, and are treated operationally as measuring related aspects of one general
underlying ability. For example, test performance is summarized by a single,
LSAT scaled score based on the total number of correct responses to test items,
without regard to type.

17
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Purpose of the Present Study

If a test employs more than one type of item and/or different kinds of content
for a given item type, the extent to which the different types of test questions
tap different aspects of a particular ability, or in fact tap several different
abilities, needs to be assessed. In the case of the LSAT as presently
constituted, this issue does not appear to have been resolved.!

The present study was undertaken to clarify the internal structure of the LSAT,
and shed light on the ability or abilities measured by LSAT reading
comprehension, logical reasoning, and analytical reasoning item types. The study
drew on data from two regularly scheduled LSAT administrations, namely, the June
1991, and October 1991 administrations.

For broader perspective, the study also draws on data for a subsample from the
same two LSAT administrations, composed of LSAT examinees identified as having
also taken the GRE General Test (for example, ETS, 1990) between October 1988 and
December 1991. Using data for this selected sample it was possible to conduct
parallel within-test analyses involving item types common to both tests, examine
between-test correlations involving scaled scores and specially computed item-
type subscores, and ultimately to identify factors underlying performance on
parcels of items of three types that are common to both tests, using combined
LSAT and GRE data.

The study also drew on the substantial body of evidence regarding relationships
among these item types based on research in the GRE context (to be reviewed
later) involving GRE reading comprehension, logical reasoning, and analytical
reasoning items similar to those used in the LSAT. These three item types have
been included in all editions of the GRE since October 1981.

Detailed descriptions of study data and the analytical procedures used to attain
study objectives, as well as related findings, are provided in the remaining
sections of this report. A general overview of the organization of the report
and the general analytical approach employed in the study, is provided below.

' A review of Volumes I-IV of Reports of LSAC Sponsored Research (LSAC, 1976a, 1976b, 1977, 1984)
reveals only one study (Carlson, 1976b)--authorized by the LSAC in 1966 and reported in 1970--concerned
with identifying the factor structure of an extant version of the LSAT in order to answer the question:
What are the abilities being measured by LSAT items? According to Carlson (p. 12), "It was hoped that
a classification of items based on abllitles would provide a useful supplement or alternative to the
present classification based on item type . . .." Carlson factored matrices of interitem coefficlents
for items of the eight different types included in the 1966 version of the LSAT, and identified seven
factors. The first factor, called "verbal ability," was defined primarily by reading comprehension
items; the second factor, called "verbal inductive reasoning,” was defined primarily by a subset of
"Principles and Cases" items. The "Principles and Cases" item type used until June 1982, was ". .
developed to test the candidate’s ability to reason logically" (McPeek, Pitcher, and Carlson, 1976b
emphasis added). During the course of the present study, another LSAC-sponsored factor analytic study
(Camilli, Wang, and Fesq, 1992) involving several forms of the LSAT used between June 1989 and October
1990--the same version of the LSAT as that under consideration herein--was reported. Findings reported
herein for LSAT forms used in the June 1991 and October 1991 administrations are consistent with those
reported by Camilli, Wang, and Fesq (1992) for the forms used earlier. :
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Overview

Section 2 provides (a) a detailed review of previous research findings regarding
the internal structure of the GRE General Test, and the nature of its constituent
item types, especially GRE logical reasoning, reading comprehension, and
analytical reasoning, and (b) a brief comparison of the composition of both the
LSAT and the GRE.

Analyses of the Internal Structure of the LSAT

Section 3 describes analyses of the internal structure of the LSAT-that is, its
dimensionality, the principal concern of the present study. Dimensionality was
assessed by analyzing intercorrelations of subscores based on LSAT reading
comprehension, logical reasoning, and analytical reasoning items, and smaller
subsets (parcels) of LSAT items within each item type. For example, exploratory
factor analyses were conducted using data for (a) general LSAT samples taking
different forms of the LSAT used in the June 1991 and October 1991 test
administrations, and (b) the selected subsample from those two test
administrations for whom GRE data were also available.

Analyses involVing LSAT performance for the selected subsample of LSAT examinees
(those who also took the GRE) yielded results that were consistent with the
outcomes observed for the general LSAT samples. The similarity in outcomes
suggested, among other things, that data for the selected LSAT sample also
provide a sound basis for drawing inferences about LSAT dimensionality.

Assessing GRE Dimensionality in the Selected LSAT/GRE Sample

Section 4 describes (a) an analysis of factors underlying performance on a full
array of GRE item-type parcels, designed in part to shed light on the extent to
which the GRE data adequately represent the GRE test taking population, and (b)
an analysis of factors underlying performance on parcels of items of the three
types common to both the LSAT and the GRE.

The possibility of unrepresentative findings due to selected samples is a
pertinent consideration generally. Questions regarding representativeness are
especially germane here because the members of the selected LSAT/GRE sample took
some 21 different generic forms of the GRE, on over 30 different testing
occasions spanning a total of 42 months.

GRE data for a general (unselected) sample of GRE examinees were not included in
the study. Thus it was not possible to assess directly the issue of
representativeness of findings based on the selected GRE data set, as was done
in the case of the LSAT data. Accordingly, the issue was addressed indirectly
by evaluating the results of exploratory analyses designed to identify factors
underlying performance on GRE items of all nine types, in the selected sample,
in light of previous research. These analyses were based on pooled within-form
correlations in data aggregated across 21 generic forms of the GRE.
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Results of the exploratory analyses, involving a full array of GRE item-type
parcels, conformed generally to previously reported patterns, especially that
identified by Emmerich, Enright, Rock, and Tucker (1991) in research involving
both operational and experimental logical reasoning and analytical reasoning GRE
item types. The orderly nature of GRE findings in the selected sample indicated
that data for this sample provided a sound basis for drawing inferences regarding
GRE dimensionality generally, as well as the dimensionality of the three item

types that are common to both the LSAT and the GRE.

Based on the foregoing, analyses of factor structure involving parcels of GRE
reading comprehension, logical reasoning, and analytical reasoning items were
conducted. These analyses parallel those involving the three LSAT counterparts,
alluded to above, and the findings of the two within-test analyses also were
generally parallel.

Section 4 also provides information regarding the characteristics of the joint
LSAT/GRE sample, the nature of the GRE data involved and the procedures that were
used in aggregating data across forms and testing occasions, as well as the
factor analyses outlined above.

Evaluation of Between-Test Correlations

The correlational findings reported in Section 3, involving LSAT data only, and
Section 4, involving GRE data only, reflect concurrent, within-test relationships
involving parcels of test items—including, in the case of the GRE, sets of
concurrent, within-test observations based on different forms of the test, taken
on 37 separate testing occasions.

Among other things, these findings suggested that outcomes of correlational
analyses involving GRE data only, as well as those involving LSAT data only, were
not unduly influenced by (potentially interesting and probably complexly
interacting) variables associated with selection into the LSAT/GRE sample.

However, as described in detail in Section 5, in all instances, the LSAT and the
GRE were taken on separate testing occasions under different testing conditions.
The time interval between the two tests ranged from less than 10 days to
approximately 36 months, and the order of test taking was not the same for all
members of the joint sample,

Thus, correlations between LSAT and GRE scores (total scores, item scores, parcel
scores, and so on) may be affected to some extent by factors such as the
following:

(a) conditions affecting performance on one testing occasion but not the
other (anxiety, luck, illness, preparation or lack of preparation,
shifts in motivation, and so on),

(b) differential change (growth or decline) in the abilities being

tapped by both tests, due to individual differences in experiences
(over periods of up to three years between tests),
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(c) "short-term practice effects," due to proximity of test dates; and
so on.

Analyses of between-test correlations reported in Section 5, revealed time-
related trends in correlations involving both scaled total scores and specially
computed subscores for reading comprehension, logical reasoning, and analytical
reasoning items. For example, observed between-test relationships were stronger
in data for subgroups taking the two tests within 10 days, than in data for
subgroups in which time between testing occasions was 19-36 months. In addition,
when classified according to time interval between test occasions and sequence
of testing, subgroups differed significantly with respect to average test
performance—~true for both the LSAT and the GRE.

The between-test correlational findings involving item-type subscores from the
LSAT and the GRE suggested the possibility of differences in relative stability
over time of the abilities tapped by the three item types—for example, the
possibility of differential change in the abilities being measured. Explicating
the observed time-related trends and/or evaluating the relative influence of
particular variables that may have affected observed relationships between LSAT
and GRE scores is outside the scope of the present study.

An evaluation is made of both observed correlations between LSAT variables

(scaled scores, item-type section scores, and so on) and GRE variables, and
correlations after correction for attentuation due to measurement error.

Exploratory Factor Analyses Involving Parcels of Item Types Common to Both Tests

Apart from their substantive implications, the findings reported in Section 5
indicate clearly that the interpretation of between-test relationships is
complicated by the fact that performance on the two sets of test items was
observed at different times and under different conditions.

Factor analyses involving the combined parcels of items of the three types that
are common to both the LSAT and the GRE-that is, the parcels that were used in
the separate within-test analyses—are reported in Section 6. Despite the
interpretive complications alluded to above, the analyses shed additional light
regarding the classification, according to ability domain, of reading
comprehension, logical reasoning, and analytical reasoning item types for both
the LSAT and the GRE.

Findings of the analysis of combined parcels of the three item types were
generally similar to the findings of parallel within-test analyses. On balance,
these findings suggest that a common factor structure underlys performance on the
three types of items that are common to the LSAT and the GRE, regardless of the
test for which they are developed.

Section 7 summarizes study findings and suggests some implications for both the
LSAT and the GRE contexts.
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SECTION 2. REVIEW OF RELATED RESEARCH IN THE GRE CONTEXT

As indicated in Section 1, reading comprehension, logical reasoning, and
analytical reasoning items, similar in type to the corresponding LSAT item types,
are used in forms of the Graduate Record Examinations (GRE) General Test. In the
GRE context, these item types are treated operationally as belonging to two
different ability domains, namely, an analytical ability domain and a verbal
ability domain, respectively.

For the GRE, "analytical ability" is defined operationally by the logical
reasoning and analytical reasoning item types, which are characterized as
measuring somewhat different aspects of ". . . the ability to think analytically"
(ETS, 1990, p. 41). "Verbal ability" is defined by the reading comprehension
item type and three other verbal item types—analogy. antonym and sentence
completion questions—characterized collectively as measuring aspects of ". . .
ability to reason with words in solving problems . . . (that is) the ability to
discern, comprehend, and analyze relationships among words or groups of words and
within larger units of discourse such as sentences and written passages (and so
on)" (ETS, 1990, p. 31).

Separately scaled number-right scores are reported for GRE analytical ability and
GRE verbal ability, respectively, as well as for GRE quantitative ability.?

GRE "quantitative ability" is defined by gquantitative comparison, regular
mathematics, and data interpretation item types which are characterized as
measuring . . . basic mathematical skills, understanding of elementary
mathematical concepts, and ability to reason quantitatively and to solve problems
in a quantitative setting" (ETS, 1990, p. 36).

Results of factor analyses involving GRE verbal, quantitative, and analytical
items or item parcels, summarized in Table 2.1, generally tend to support a
three-factor hypothesis, corresponding to divisions of the test for which
separate scores are reported. That 1is, the items appear to measure
psychometrically distinguishable verbal, quantitative, and analytical
abilities—more clearly so for items in the GRE verbal domain and the GRE
quantitative domain, than for items in the GRE analytical ability domain.

? In contrast to legal education, in which the first-year curriculum tends to be relatively uniform from

school to school, graduate education is "notoriously" diverse. This fundamental difference is reflected in the
different approaches to admissions testing for graduate education and legal education. The GRE General test,
which reports three scores, must be appropriate for disciplines that differ on a number of grounds, e.g., the
extent to which they are verbally or quantitatively oriented. The LSAT, not beilng constrained in this way,
summarizes performance on three different ‘item types in a single score in order to measure a more general
reasoning ability.
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In the GRE verbal domain, two closely related subdomains have been identified
relatively consistently, namely,

¢ "reading comprehension," a factor typically defined by the GRE reading

- comprehension item type—calling for discourse-level analysis—alone, or in
combination with the sentence-completion item type that involves sentence-
level analysis, and

¢ "vocabulary," a factor typically defined by analogy and antonym items,
and (less consistently) by sentence-completion items—item types that
do not require discourse-level analysis.

Stricker and Rock (1985), commenting on the fact that these two verbal subdomains
did not emerge in their study, suggested that the outcome might be due to
differences across studies in sample selection, factor methodology, and so on.

The GRE quantitative ability domain has been consistently and clearly defined by
the quantitative comparison and regular mathematics item types. Data
interpretation items typically have somewhat lower loadings than either of the
other two item types on quantitative factors identified in these analyses, but
nonetheless tend to be more closely identified with the quantitative ability
domain than with either of the other GRE ability domains (see also Kingston and
Dorans, 1982).

However, research findings indicate that in the GRE analytical ability domain,
the alliance between component item types is an uneasy one. For example, GRE
analytical reasoning and GRE logical reasoning items tend to have less common
variance than do item types within the GRE verbal and GRE quantitative ability
domains. Furthermore, what they have in common tends to overlap substantially
with item types represented in either: the verbal or the quantitative domain (for
example, Stricker and Rock (1985: p. 25).

Schaeffer and Kingston (1988) found that a GRE analytical ability factor was
defined principally by the GRE analytical reasoning item type, and concluded from
this and other findings, as follows (p. 9):

"This study has suggested that an analytical dimension in the GRE General
Test may be defined by the analytical reasoning items and not by the
logical reasoning items. This finding raises doubt about the utility of
including analytical and logical reasoning items in the same score"
(emphasis added).

In an analysis of GRE factor structure in two samples (Emmerich, Enright, Rock,

and Tucker, 1991), in which three sets of operational GRE item types were

constrained to have nonzero loadings only on the factors which they were expected.
to define, analytical reasoning parcels had strong loadings on the "analytical

ability" factor (loadings ranged between .83 and .87), whereas those for logical

reasoning parcels were comparatively considerably weaker (ranging between .38 and
.56 across analyses in two samples [Emmerich et al., p. 38}).

In a more general, unconstrained exploratory analysis involving both operational
and experimental logical reasoning and analytical reasoning GRE item types, two
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——— ™ ]
of three operational logical reasoning parcels loaded more heavily on the
"verbal" factor than on a factor labelled "formal-deductive reasoning"—a factor

defined primarily by very strong loadings for three operational GRE analytical
reasoning parcels.

Results of studies involving subscores based on GRE item types (for example,
Wilson, 1985; 1986) also indicate that GRE logical reasoning items and GRE
analytical reasoning items may tap somewhat different underlying abilities.

For example, correlations between GRE logical reasoning and GRE analytical
reasoning subscores tended to be lower than correlations between GRE logical
reasoning and GRE verbal item-type subscores, and also lower than those between
GRE analytical reasoning subscores and subscores on GRE quantitative item
types.?

For examinees classified by major area of study, patterns of relative performance
on GRE analytical reasoning and logical reasoning were consistent with
expectation based on major-area differences in relative performance on
quantitative and verbal items—that is, majors in primarily verbal fields had
relatively higher means on GRE reading comprehension and logical reasoning
subscores than on subscores for quantitative item types, while majors in
quantitatively demanding fields performed relatively better on GRE quantitative
comparison items and analytical reasoning items than on either GRE reading
comprehension or logical reasoning items.*

Also, an ethnic group known to be characterized by higher means on GRE
guantitative ability than on GRE verbal ability, namely, Asian Americans, had
higher relative standing on GRE analytical reasoning than either GRE logical
reasoning or GRE verbal items, without regard to field.?

Thus, research findings from the GRE context indicate that the logical reasoning
item type appears to tap abilities that are closely akin to those measured by the
reading comprehension item type, hence may belong to the verbal ability domain,
rather than to the "analytical ability" domain. And, as suggested by Schaeffer

3 Wightman and Muller (1990b) reported intercorrelations of item-type section scores for LSAT analytical
reasoning, logical reasoning, and reading comprehension from a recent version of the LSAT as follows: analytical
reasoning and reading (r = .49), logical reasoning and reading (r = .67), and analytical reasoning and logical
reasoning (r = .53).

¢ Pitcher (1977b, Table C.2, pp. 480-481) reported means for law students grouped by undergraduate major
field, on experimental loglcal reasoning and quantitative comparison items, as well as on operational data
interpretation and reading items. Profiles of logical reasoning and reading means were quite similar across
fields, as were profiles of data interpretation and quantitative comparison means. In both cases, the profiles
conformed to a pattern consistent with expectation based on differences among the flelds involved with respect
to verbal-relative-to-quantitative emphasis in curricular content.

5 Means and standard deviations for LSAT section scores were reported by Wightman and Muller (1990a) for
generally comparable ethnic subgroups. The major-field mix in the sample was not reported. However, Asian
Americans registered the highest relative standing on AR (mean = 18.83, approximately .15 standard deviation’
units above the estimated grand mean of 17.795); z-scaled mean on LR was -.16.

2
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and Kingston (1988), the "analytical ability" domain itself may be defined more
validly by the analytical reasoning item type alone than by a combination of
logical reasoning and analytical reasoning item types.

Characteristics of Item Types Common to Both Tests

Published descriptions of the abilities tapped by LSAT reading comprehension,
logical reasoning, and analytical reasoning items (for example, LSAT, 1991), are
very similar to those published for the GRE counterparts (for example, ETS,
1990). Excerpts from these published descriptions, as well as illustrative
logical reasoning, analytical reasoning, and reading comprehension items from the
two testing contexts, are summarized in a series of exhibits (Al through C2b).
The exhibits are arranged to provide side-by-side descriptions of an item type
from the two testing contexts, followed by a side-by-side display of examples of
items of the type under consideration.
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Based on the strong surface similarities evident in these exhibits, it seems
clear that although items for the two tests are developed to somewhat different
specifications (subject matter, type of situations depicted, relative emphasis
on particular subskills, and so on) logical reasoning, analytical reasoning, and
reading comprehension  items from the LSAT and the GRE can be thought of as
measuring generally similar skills and abilities, and are in fact quite similar
with respect to general characteristics, subskills targeted for assessment, and
so on.

Differences between the two tests in the way in which these particular item types
are presented to examinees, the number of items included, amount of time devoted
to each item type, and so on, are indicated in Table 2.2.
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Table 2.2.

General Organization of Tasks in the LSAT
and in the GRE General Test, Respectively

LSAT sections No. Time

items
Logical Reasoning 24 35 minutes
Reading Comprehension 28 35 minutes
Analytical Reasoning 24 35 minutes
Logical Reasoning 25 35 minutes
Variable section Variable 35 minutes
TOTAL SCORE 101

GRE sections

Verbal section 1 38 30 minutes
Item type
Analogy 9
Sentence Completion 7
Reading Comprehension 11
Antonym 1
Verbal section 2 38 30 minutes
Analogy 9
Sentence Completion 7
Reading Comprehension 11
Antonym 1
Quantitative section 1 30 minutes
Item type 30
Quantitative comparison 15
Regular mathematics 10
Data interpretation 5
Quantitative section 2 30 30 minutes

Quantitative comparison 15

Regular mathematics 10
Data interpretation 5
Analytical section 1 ‘ 25 30 minutes
Item type
Logical reasoning [
Analytical reasoning 19
Analytical section 2 25
Item type Number of items
Logical reasoning 6

Analytical reasoning 19
Variable section (not scored) Variable 30 minutes

Total number of test items 186

Q. . BESTC l VA 2y
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In forms of the LSAT, including the forms involved in the present study, logical
reasoning, reading comprehension, and analytical reasoning items are presented
in four separately timed 35-minute sections, each of which is homogeneous with
respect to item type. Two of these sections are made up of logical reasoning
items. A fifth (variable) section is included for purposes of test development.

Performance on the items in the variable section does not affect a candidate’s
LSAT score.

The ordering of LSAT sections differs from form to form, and across operational
versions of given generic forms.

The GRE includes a total of seven separately timed sections, each with a 30-
minute time limit, one of which is variable. In a given version of the test,
sections are presented in such a way as to require examinees to work sequentially
through two different sets of tasks from the respective ability domains—for
example, a 30-minute verbal set, a 30-minute quantitative set, a 30-minute
analytical set, a second quantitative set, a second analytical set, a second
verbal set, followed by a variable set.

The two sections of GRE items that constitute a given ability measure, although
developed to comparable specifications, are not designed to be parallel with
respect to validity, difficulty level, and so on.

SECTION 3. ASSESSING THE DIMENSIONALITY OF THE LSAT

This section describes factor analyses that were undertaken

(a) to explore the extent to which the Law School Admission
Test—made up of logical reasoning, analytical reasoning,
and reading comprehension item types, organized as
indicated in Table 3.l-measures more than one identifiable
aspect of reasoning, and

(b) to help clarify the aspects of reasoning tapped by the three LSAT
item types.

Table 3.1.

Organization of the LSAT

LSAT Sections Number of Items Acronym Time
Logical reasoning 24 LR24 35 minutes
Reading comprehension 28 RC28 35 minutes
Analytical reasoning 24 AR24 35 minutes
Logical reasoning 25 LR25 35 minutes
Variable section Variable 35 minutes
TOTAL SCORE 101 LSAT
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Extensive research findings in the GRE context indicate that the GRE versions of
the item types used in the LSAT are tapping psychometrically distinguishable
aspects of reasoning. And, as we have seen, published descriptions of the three
LSAT item types are very similar to the published descriptions of their GRE
counterparts, and actual items of the three types from the LSAT appear to be
quite similar, with respect to surface characteristics, to those appearing in the
GRE General Test.

General Analytical Rationale

With respect to the dimensionality issue, GRE research findings indicate
relatively clearly that

e the aspects of reasoning measured by the logical reasoning item type
are closely related to those tapped by the reading comprehension item
type, but questions as to the ability-domain classification of the two
item types have not been resolved, but

¢ the aspects of reasoning tapped by the analytical reasoning item type
appear to be psychometrically distinguishable from those tapped by
reading comprehension items and logical reasoning items—albeit not as
clearly so for logical reasoning as for reading comprehension item

types.

Judging from correlational findings involving LSAT item-type section scores,
available for two LSAT forms involved in the present study (from unpublished ETS
internal analyses), patterns of relationships involving the respective item types
in the LSAT context, suggest interpretive inferences that are similar to those
outlined above for the GRE counterparts. The LSAT findings are summarized in
Table 3.2.

38
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Table 3.2.
Observed Correlations and Correlations After Correction for Attenuation:
LSAT Section Scores, June 1991 and October 1991 Forms of the LSAT*

LSAT Form
June 1991 October 1991

Section LR25 LR24 RC28 AR24 LR25 LR24 RC28 AR24

LR25 (.78) .97 .91 .71 (.77) .96 .89 .68

LR24 .76  (.79) .89 .72 g4 (.77 .87 .64

RC28 .72 .71 (.80) .63 .69 .68 (.79) .59

AR24 .55 .56 .50 (.77) .52 .49 46 (.76)
Note. Observed correlations are shown below the diagonal: corrected correlations

are shown above the diagonal; diagonal elements are estimated KR-20 reliabilities,
used to correct the correlations.

#* Data from unpublished ETS internal test analyses for forms of the LSAT used in
the present study: KR-20, internal-consistency estimates.

The pattern of correlations shown in Table 3.2 is particularly instructive
because corrected correlations for the two LSAT logical reasoning sections
(r = .97 and r = .96)—coefficients approaching 1.00, consistent with the fact
that both sections are intended to measure the same underlying skills and
abilities—can be contrasted directly with corrected correlations between the
logical reasoning section scores and scores for sections involving two different
item types, namely,

(a) score for the reading comprehension item type, tapping abilities
that are quite similar to those tapped by the LSAT logical reasoning
sections (r’s ranging between .87 and .91, but lower than those for
the two logical reasoning sections), and

(b) score for the analytical reasoning item type, tapping abilities that
do not tend to overlap markedly with those tapped by logical
reasoning (indicated by corrected correlations ranging between .64
and .72) or by reading comprehension, for which corrected
correlations with analytical reasoning were .59 and .63.

It can also be seen that correlations between LSAT reading comprehension and
analytical reasoning (r = .59 and r = .63) are lower than those between LSAT
logical reasoning and analytical reasoning (r’'s between .64 and .72).

The marked overlap between reading comprehension and logical reasoning reflected
in the corrected correlations in Table 3.2, suggests that two factors might
explain the basic underlying patterns of intercorrelations, namely, one factor
defined by logical reasoning and reading comprehension parcels, and a second
factor defined exclusively by analytical reasoning parcels.

BEST COPY AVAILABLE
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At the same time, the correlational gradient evident in Table 3.2, indicates
limited differentiation of logical reasoning from reading comprehension, as well
as relatively clear differentiation of both of these item types from the
analytical reasoning item type. Accordingly, it was considered useful to
evaluate a three-factor solution in order to leave logical reasoning and reading
comprehension item types free to demonstrate their (limited) distinctiveness by
defining separate factors, along with a factor defined exclusively by the LSAT
analytical reasoning item type.®

Thus, based on indirect evidence from the GRE context and direct evidence from
the LSAT context, it was assumed a priori that at least two common factors would
be needed to explain intercorrelations of scores on LSAT item-type parcels (sets
of four to six items of the respective types), and that one of the factors would
be defined primarily by the analytical reasoning item type.

Study Sample and Data

A file containing records for more than 74,000 LSAT examinees tested in either
June 1991 or October 1991 LSAT administrations was provided by Law School
Admission Services (LSAS). Each record contained test data, including rights-
scored LSAT items, responses to several background questions (gender, ethnic
group membership, date of birth, and so on). More comprehensive information (for
example, undergraduate school, level of degree attained, undergraduate grades,
undergraduate major field) was available only for examinees who participated in
the Law School Data Assembly Service (for example, LSAT, 1991).

Sampling from the LSAS file was conducted in two phases, one of which was
concerned simply with obtaining a general sample of LSAT examinees for inclusion
in the study; the other sampling phase was concerned with identifying LSAT
examinees with GRE records.

In the first phase, LSAT records from the general LSAS file were selected for a
spaced sample of 7,385 examinees—all of whom were native-English speakers, with
unflagged records, who did not report a handicapping condition.

The second phase required matching records in the LSAS file with records in GRE
files in order to identify a joint sample. Direct evidence as to either the
extent of "overlapping" of LSAT and GRE test-taking populations, or the patterns
of test-taking involved—with respect to sequence, interval between tests, and so
on—was not available. )

' File matching involving GRE administrations subsequent to the October 1991 LSAT

administration was necessarily limited by study timing. It was decided to use
an iterative approach, in which the LSAS file would be matched successively with

¢ In GRE factor studies, without exception, item-level, parcel-level, or other scores involving these three
item types have been analyzed in the context of scores on a more comprehensive "item-type battery,” rather than
in analyses focussed exclusively on these three Ltem_ types, as in the present instance.

BESTCOPY AVAILABLE 10
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GRE files, beginning with the file for the December 1991 GRE administration and
working backward until a "sufficient sample" was identified.

Using this approach, the LSAT file was matched across files for. all GRE
administrations between October 1988 and December 1991, resulting in the
identification of a total of 5,281 LSAT examinees (from the two LSAT
administrations) who had GRE records as well. Records in the joint file for
examinees identified in the LSAT file as nonnative-English speakers, or who
reported some form of handicapping condition (for example, deafness, impaired
vision), and records that were "flagged," indicating exceptional test-related
circumstances, were excluded from the joint sample, as was done for the general
LSAT sample.’” After purging this selected file, the sample remaining (N =
4,447) was judged to be adequate for study purposes.

The analyses reported in this section are based exclusively on LSAT data for the
general sample of LSAT examinees (N = 7,385) and LSAT data for the selected
sample (N = 4,447) of LSAT examinees who also took the GRE. The distribution of
these examinees according to LSAT form taken, and descriptive statistics for
selected LSAT-related variables, by test form, are shown in Table 3.3. For added
perspective, means and standard deviations of scaled GRE scores, available only
for the selected sample, are shown as well.

? Generally speaking, unless otherwise indicated, data in the LSAT file were used for purposes of
describing and classifying examinees. Questions regarding the "rellability" of self-report regarding stable
personal attributes, of considerable interest generally, were not at issue in the present study.

BESTCOPY AVAILABLE 41
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Table 3.3.

Descriptive Statistics for General and Selected LSAT Samples,
by LSAT Form Taken: Designated Variables

Sample
General Selected
June October June October

Standard Standard Standard Standard
Variable Mean  Deviation @ Mean Deviation Mean Deviation Mean  Deviation
LSAT 151.7 9.8 152.1 88 1543 10.2 154.7 9.0
LR24 14.8 4.5 149 43 15.6 4.6 16.0 43
LR25 143 45 163 43 155 4.7 173 44
RC28 17.8 49 17.1 49 194 49 189 5.0
AR24 114 ~ 46 133 44 121 4.7 139 44
LSDAS* 585 62.7 55.1 654
(%)
Female 43.1 452 512 503
(%) ‘
GRE n.a. 551 112 562 108
Verbal
GRE Quantitative n.a. 567 . 130 578 124
GRE Analytical na. ' 602 125 618 117

Note. Based on unpublished internal analyses at ETS, the LSAT scaled score mean for the June 1991 administration was 151.29 and
the standard deviation was 9.98; for the October administration, corresponding values were 151.74 and 8.81.

* Estimated percentage participating in the Law School Data Assembly Service (e.g, LSAT, 1991).

It can be seen in the table that LSAT scaled-score means for the selected
(LSAT/GRE) sample were higher than those for the general samples (by almost
three-tenths of a standard deviation). It is noteworthy, however, that standard
deviations for LSAT-related variables in the selected sample are comparable to
those in the general sample.

As a matter of incidental interest in the present context, on the GRE side,
estimated percentile-rank equivalents of the three GRE means (ETS, 1992, Table
IA), place the selected LSAT/GRE sample at approximately the 68th percentile for
GRE verbal, the 50th percentile for GRE quantitative, and the 66th percentile for
GRE analytical.

BESTCOPY AVAILABLE
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Analytical Approach

To assess factors wunderlying LSAT performance, analyses were made of
intercorrelations among parcels of LSAT items, as defined below. The 101 items
in the LSAT were divided into 20 parcels-sets of logical reasoning, reading
comprehension, and analytical reasoning items, each made up of four to six items
of a particular type—distributed by test section as shown in Table 3.4.

Table 3.4.
General Definitional Characteristics of Parcels of LSAT Items

Section Parcel Designation Section

Acronym (Number items per parcel) Description

1R25 L51 LS52 L53 LS54 LSS (25-item IR section)
(5) (5) (5) (5) (5

1LR24 L6l L62 L63 L64 L65 (24-item LR section)

(35) (5) (5) (5) (&)

RC28 Rl R2 R3 R4 RS (28-item RC section)
(6) (6) (6) (5) (5)

AR24 AR1 AR2 AR3 AR4 ARS (24-item AR section)
(3) (35) (5) (5) (&)

Items were assigned to parcels in such a way that each parcel contained a mix of
items that was roughly balanced with respect to item séquence within a section.

e For example, the first parcel from the 25-item LR section was composed
of items 1, 6, 11, 16, and 21, as was the first parcel from the 24-item
IR section and the 24-item AR section; for the 28-item RC section, the
first parcel was composed of items 1, 6, 11, 16, 21, and 28.

This pattern of assigning items to parcels was designed to attain rough balance
across parcels with respect to difficulty (assuming that items appearing later
in a test section tend to be more difficult than those appearing earlier in a
section), and to reduce the likelihood of interpretive complications associated
with possible end-of-section effects (for example, speededness, fatigue).

BEST COPY AVAILABLE
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Analytic Procedure and Related Findings

The factor analytic approach employed was exploratory in nature, but with respect
to both design and interpretation the approach used was guided by evidence,
assumptions, and lines of reasoning developed in detail above—that is, from the
outset, attention was focussed on the exploration of both two-factor and three-
factor solutions for the data under consideration. Both orthogonal (varimax) and
oblique (direct oblimin) rotations, involving the corresponding principal
components, were used to obtain two-factor and three-factor solutions. 1In all
instances, correlation matrices with unity in the diagonal were employed.

Two- and three-factor solutions were obtained (a) for the two June-form
subsamples (that is, the general sample and the selected sample), and the
corresponding October-form subsamples. Analyses in these four subsamples
involved raw scores on item-type parcels from either the June form or the October
form. Two additional analyses were made, one involving pooled general-sample
data for the June and October forms, and the other involving pooled selected-
sample data for both test forms. To summarize succinctly, the several analysis
samples involved were as indicated below.

Form Classification

Sample June October Combined
Classification Form Form Forms
(M) (M) L))
LSAT, general 2,429 4,956 7,385
LSAT, selected 1,389 3,058 4,447

Analyses involving either the June form or the October form were based on raw
parcel scores. However, for the two combined-forms analyses (involving data for
the two different LSAT forms), scores on parcels (and other raw scores) were z-

scaled within the respective form-samples, prior to computing the
intercorrelations. The resulting matrices reflect the pooled, within-form

relationships that are of primary interest in assessing factors that reflect the
internal structure of the LSAT.

Focus on pooled, within-form correlations is needed because of the possibility
of interpretive complications if raw scores (e.g., number-right parcel scores or
section scores) from two different forms of the LSAT (GRE, or other similarly
constructed standardized admission test) are combined for analysis. The
possibility of interpretive complications arises from the fact that sets of items
of particular types are not designed to be, and typically are not "parallel"
across test forms—that is, they tend to differ in difficulty, validity, and so
on.

The exploratory pooling approach outlined above, involves an assumption that test
items of the same type and position, in successive test forms developed under
controlled conditions to the same general specifications, are statistically
interchangeable for study purposes; also that internal construct validity tends

14
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to be invariant across test forms. Relatively few studies appear to have been
conducted explicitly to assess consistency .of internal construct validity across
successive test forms, and none appears to have analyzed pooled within-form
correlation matrices. For example, Dorans and Lawrence (1987) found reasonable
consistency in structure across six SAT forms, but were not directly concerned
with questions regarding pooling data across these forms.

In essence there appears to be no direct precedent for the exploratory approach
employed in this study. Thus, the across-form analyses involving pooled within-
form LSAT correlations (based on z-scaled parcels from only two administrations)
provide perspective for evaluating outcomes of similarly designed analyses of
pooled within-form GRE correlations, involving 21 different forms of the GRE, to
be considered in Section 4.

Replication in the six analysis-samples outlined above was designed to permit
assessment of the consistency of factor outcomes for two different forms of the
LSAT: consistency in outcomes involving the selected LSAT form-samples and
outcomes involving the general LSAT form-samples, if present, would suggest that
data for the selected LSAT sample provide a sound basis for inferences about LSAT
factor structure—and for evaluation of correlations between the LSAT and the GRE,
to be reported later. Similarly, consistency in outcomes for correlations
involving z-scaled parcels pooled across form-samples and outcomes of separate
analyses for the June and October form samples would suggest the viability of the
pooling approach involved.

Generally speaking, outcomes of both two-factor and three-factor solutions were
in all major respects, consistent across the six analysis-samples.

With respect to the principal components phase of the analysis, summarized
selectively in Table 3.5, for example, it is evident that in each analysis-
sample,

e the first two principal components, with eigenvalues greater than one,
accounted for some 45 percent to 50 percent of total variance;

e adding the third component, with eigenvalues in the .9 range, resulted
in solutions involving between 50 percent and 54 percent of the total
variance.
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Table 3.5.

Summary of Principal Components Extractions in
Six LSAT Analysis-Samples: Three Factors

Eigenvalues Percent total variance
Analysis-Sample PCl PC2 PC3 PCl PC2 (1+2) PC3 (Cum)
General, June 7.94 1.64 .86 39.7 8.2 (47.9) 4.3 (51.5)
General, October 7.45 1.63 .96 37.3 8.1 (45.4) 4.8 (50.2)
General, Combined 7.61 1.62 .91 38.0 8.1 (45.4) 4.6 (50.7)
Selected, June 8.49 1.56 .83 42 .4 7.8 (50.2) 4.2 (54.4)
Selected, October 7.90 1.65 .92 39.5 8.2 (47.8) 4.6 (52.4)
Selected, Combined 8.08 1.61 .88 40.4 8.1 (48.4) 4.4 (52.8)

With respect to the rotational phase of the analysis, involving orthogonal
.(varimax) and oblique (direct oblimin) rotations to two-factor and three-factor
solutions in each analysis-sample, findings bearing on factor identification and
structure were also consistent from sample to sample. Accordingly, detailed
findings are presented and discussed only for the general, combined-forms sample
(N = 7,385).

Attention is directed first to the orthogonal factors identified in the two-
factor and three-factor varimax rotations, shown in Table 3.6. The resulting
factors, in every instance, based on the observed loadings of parcels, are
strongly and cleanly identified.
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Table 3.6.

Varimax Factors for Two-Factor and Three-Factor Solutions
in the General LSAT, Combined-Forms Analysis-Sample (N = 7,385)

Rotated factor matrix Rotated factor matrix

Parcel Factor 1 Factor 2 parcel Factor 1 Factor 2 Factor 3
L51 .59 .23 LS51 .62 .18 .21
L52 .62 .24 L52 .59 .20 .27
L53 .59 .19 L53 .64 .13 17
L54 .62 .25 L54 .60 .21 .27
LS55 .61 .23 LS55 .59 .19 .26
L61 .62 .21 L6 .61 A7 .25
L62 .60 .23 L62 .59 .19 .25
L&63 .65 .25 L63 .60 .21 .31
L64 .63 .26 L64 .61 .20 .27
L65 .54 .25 L6S .59 .20 .16
R1 .68 .16 R1 31 A7 .68
R2 .64 .13 R2 .29 .16 .66
R3 .67 .15 R3 .33 .16 64
R4 .62 .13 R4 .28 4 .64
RS .63 .12 RS .25 .16 .68
AR1 .24 .7 AR1 .20 .70 A7
AR2 .21 .69 AR2 .21 .68 N
AR3 .20 .7 AR3 A7 .7 .15
ARG .25 74 AR4 .23 .73 .16
AR5 .19 .72 . AR5 .20 .7 .10
Note. Varimax converged in 3 iterations. Note. Varimax converged in 6 iterations.

In the two-factor solution shown in the table (as in the corresponding solutions
for the remaining analysis-samples) the first factor to emerge is strongly
identified by the logical reasoning and reading comprehension parcels, and the
second is equally strongly identified by the analytical reasoning parcels. This
is consistent with expectation based on the assumptions and lines of reasoning
outlined above.

In the three-factor solution, factors corresponding to the three item types
emerge quite clearly: the first factor to emerge is identified strongly by the
logical reasoning parcels, the second is strongly identified by the five
analytical reasoning parcels, and the third is equally strongly identified by the
five reading comprehension parcels.

Factor pattern coefficients for parcels in two-factor and three-factor direct
oblimin rotations in the combined-forms sample are shown in Table 3.7. Again,
oblimin outcomes for all other analysis-samples were quite consistent with those
selected here for discussion.
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Table 3.7.

Pattern Coefficients for LSAT Parcels on Oblimin Factors: Two-Factor
and Three-Factor Solutions in the General LSAT, Combined-Forms Sample (N = 7,385)

Pattern matrix Pattern matrix
Parcel Factor 1 Factor 2 Parcel Factor 1  Factor 2 Factor 3
L51 .61 .05 L51 .69 -.00 -.03
L52 .63 .06 L52 .62 .02 .06
L53 .62 .01 L53 .76 -.06 -.08
Lsé | .63 .07 L54 .64 .03 .06
LS55 .62 .05 LS55 .63 .01 .05
L61 .64 .03 L61 .66 -.02 .04
Lé2 .62 .06 L62 .64 .01 .03
L63 .66 .06 Lé3 .61 .03 .10
Lé64 .64 .06 L64 .65 .02 .05
L65 .54 .10 Lé&5 .67 .04 -.08
R1 .72 -.05 R1 .03 .03 74
R2 .69 -.08 R2 .02 -.01 7R
R3 7R -.06 R3 .08 .00 .68
R&4 .67 -.07 R&4 .01 .00 4
RS .68 -.08 RS -.05 .00 .76
AR1 .04 72 AR1 -.01 .73 .04
AR2 .01 7R AR2 .04 .72 -.04
AR3 -.01 74 AR3 -.05 .76 .03
ARS .05 75 ARG .02 .76 .02
ARS -.02 .76 ARS .01 .76 -.05
Note. Oblimin converged in 4 iterations; Note. Oblimin converged in 5 iterations;
"delta" set at 0. delta® set at 0.
Q
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Outcomes with respect to factor correlations, in both the two-factor and three-
factor oblimin solutions, were quite consistent across analysis samples, as
indicated in Table 3.8. For perspective, it is useful to compare the factor
correlations shown in the Table 3.8, with observed correlations for subscores
based on the item types that principally define the respective factors. To this
end, subscores were computed for the 49 logical reasoning items (LR49) and for
the 77 logical reasoning and reading comprehension items combined (VBL77), and
intercorrelations were computed involving these two subscores, the 28-item
reading comprehension subscore (RC28), and the 24-item analytical reasoning
subscore (AR24),

To summarize briefly:

e The VBL77 subscore (LR+RC) correlated .57 with the analytical reasoning
subscore—versus .54 for F1,F2 in the table.

¢ The consolidated logical reasoning subscore (LR49) correlated .73 with
that for reading comprehension (RC28), and .57 with the analytical
reasoning subscore (AR24)—versus .67 and .54 for F1,F3 and F1,F2 in the
table.

e The analytical reasoning subscore correlated .47 with the reading
comprehension subscore—versus .44 for F2,F3 in the table.

Table 3.8.

Summary of Factor Correlations for Two-Factor and Three-Factor
Oblimin Solutions in the Six Analysis Samples

Factor Correlations

Two Factors¥ "Three Factors#
Analysis Sample F1,F2 F1,F2 F1,F3 F2,F3
General,vJune .54 .55 .70 .41
General, October .54 .56 . .66 .41
General, Combined | .54 L53 - .67 .43
Selected, June .56 .56 .70 .46
Selected, October .58 .57 .67 AN
Selected, Combined .54 .54 .67 .44

* Based on primary identification by LSAT parcels, Fl1 reflects primarily logical reasoning and reading
comprehension, and F2 reflects analytical reasoning.

# F1 reflects primarily logical reasoning, F2 reflects analytical
reasoning, and F3 reflects reading comprehension.
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The findings that have been reported in this section, suggest that the three item
types that are 1included in the LSAT are measuring psychometrically
distinguishable aspects of reasoning ability, namely, aspects of general
reasoning ability, tapped in slightly differing ways® by reading comprehension
and logical reasoning items, versus aspects of more formal, deductive reasoning
ability, tapped by the analytical reasoning item type.

Analyses involving these three item types in the GRE General Test are reported
in detail in the following section. Among other things, it will be seen that
outcomes of the separate analysis of this subset of GRE items, generally parallel
those reported above for the corresponding LSAT items.

SECTION 4. ANALYSIS OF FACTORS UNDERLYING PERFORMANCE ON
THE GRE GENERAL TEST IN THE SELECTED LSAT/GRE SAMPLE

The analyses reported in Section 3 were concerned with the internal structure of
the LSAT. The analyses reported in this section have to do with factors
underlying performance on (a) the full array of GRE item types, and (b) a subset
of the full array (logical reasoning, analytical reasoning, and reading
comprehension items), the latter paralleling analyses of the corresponding LSAT
item types, reported in Section 3.

Before describing these analyses, a brief review is provided of (a) the make-up
of the GRE General Test, with respect to item-type composition and the
organizatién of item-type sections, time allocated, and so on, (b) the unique GRE
data-set involved in these analyses, and (c) procedures employed in aggregating
data across multiple forms of the GRE are described.

The GRE Data Set

As shown earlier (see Table 2.1, Section 2), the GRE General Test involves six
operational sections—two designed to measure "verbal ability," two designed to
measure "quantitative ability," and two designed to measure "analytical ability.”
Recall that each GRE verbal section includes a total of 38 reading comprehension,
analogy, antonym, and sentence-completion items; each GRE quantitative section
includes a total of 25 quantitative comparison, regular mathematics, and data

! The distinction between what Ls measured by logical reasoning items and reading comprehension items may

to some extent be "blurred” by the heavy reading comprehension requirements in the logical reasoning item type
here under consideration. To the extent that it is possible to do so, developing logical reasoning item types
with more limited reading comprehension demands should help to clarify distinctions between these closely
related aspects of general reasoning ability.

* BESTCOPY AVAILABLE
50
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_’

interpretation items?; and each GRE analytical section includes a total of 25
analytical reasoning and logical reasoning item types.

To review briefly, as reported in detail in Section 3, a file containing records
for more than 74,000 LSAT examinees tested in either June 1991 or October 1991,
was matched with GRE files spanning test administrations between October 1988 and
December 1991. Some 5,281 LSAT examinees were identified in this matching
process as having also taken the GRE.

After purging the file of records for nonnative-English speakers and examinees
with "flagged" LSAT records, a total of 4,447 records was available in the joint
LSAT/GRE file. As shown in the preceding section; these individuals were
relatively highly selected with respect to performance on the GRE General Test
as well as with respect to performance on the LSAT.

Aggregating Data Across GRE Forms

Collectively, sample members took 33 different versions (editions) of the GRE
General Test, 21 of which were generic forms of the test—that is, forms differing
completely (with respect to content) from previous GRE forms. The other 12
versions were content-equivalent versions of one or another of the 21 generic
forms—that is, versions with essentially the same item content, though not
necessarily in the same format (for example, editions for examinees with
handicaps). These modified versions were treated as comparable to the
corresponding generic forms for study purposes. Table 4.1 shows the number of
examinees taking each of the 21 generic forms of the GRE, by form of the LSAT
taken. Table 4.2 shows the distribution of the 37 general or special GRE test
administrations involved. '

BESTCOPY AVAILABLE

° The quantitative comparison item type and the data interpretation item type were used, though not

concurrently, in several versions of the LSAT prior to 1982.
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Each of the 21 row totals in Table 4.1, corresponds to a sample with data
reflecting performance on a common set of GRE test questions, without regard to
test administration date. The cell entries correspond to 42 subsamples taking
a generic form of the GRE and a generic form of the LSAT.

Each of the 37 test occasions noted in Table 4.2, yielded one or more distinct
-subsets of form-specific observations of performance on GRE items. The number
of such subsets corresponds to the number of different generic forms of the GRE
taken by sample members tested on particular occasions. Data not shown in the
table indicate that for five of the 21 GRE-form subsamples, all GRE data were
generated in a single test administration; for the remaining GRE-form subsamples,
data are from two or more testing occasions.

Test items from the diverse forms were scored (rights only) using operational
scoring procedures; they were then ordered by type and within-section position.
The 186 GRE items were divided into 37 item-type parcels. Table 4.3 shows the
items included in the parcels, parcel labels, and so on. Note that each parcel
includes a mix of items roughly balanced according to ordering within test
sections, to parallel the procedure used in developing LSAT parcels, reported
earlier (Section 3). The number of items in parcels ranged between four and seven
(for two parcels of GRE analytical reasoning items).

33
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Table 4.3.

Description of GRE Item-Type Parcels Used in the Analysis

Parcel Items In Parcels Item Type
gsc01 = sc1 scé sc7 sc10 scls Sentence completion
gsc02 = sc2 sc5 sc8 sc1l sc13

gsc03 = sc3 scb sc9 sci12

gana01 = anal ana5 ana9 anal3 anail8 Analogy

gana02 = ana2 anaé anal0 anal4 anal7

gana03 = ana3 ana7 anall analS

gana04 = ana4 ana8 anal2 analbé .
grc0l = ndl rd5 rd9 rd13 nd17 rd22 Reading comprehension
grc02 = rd2 rdb rd10 rd14 rd18 rd21

grc03 = rd3 rd7 rd11 rd15 rd19

grc04 = rdé rd8 rd12 rd16 rd20

gant01" = ant! ant5 ant9 ant13 ant17 ant22 Antonym

gant02 = ant2 anté ant10 ant14 ant18 ant21

gant03 = ant3 ant7 ant11 ant15 ant19

gant04 = ant4 ant8 ant12 ant16 ant20

gqc01 = gcl qc7 qel13 qe19 qe2s Guantitative comparison
gqc02 = qc2 qc8 qcl4 qe20 qe2é

gqc03 = qc3 qc9 qel5 qe21 qe27

gqc04 = qecb qc10 qe16 qe22 qc28

gqc05 = qc5 qe11 qe17 qe23 qe29

gqc06 = qcb qc12 qe18 qe24 qe30

grm0l =rml rm5 rm® rm13 rml7 Regular mathematics
grm02 = rm2 rm5 rm10 rm14 rmi8

grm03 = rm3 rm7 rm11 rm15 rml9

grm04 = rmé rm8 rmi2 rm16 rm20

gdi0l = dit1 di3 diS di7 di9 Data interpretation
gdi02 = di2 di4 dié di8 di10

gar01 = garl gar7 gar13 gar19 gar25 gar31 gar38 Analytical reasoning
gar02 = gar2 gar8 gar14 gar20 gar26 gar32 gar37

gar03 = gar3 gar9 gari15 gar21 gar27 gar33

gar04 = garé gar10 gar1é gar22 gar28 gar34

gar05 = gar5 gar11 gar17 gar23 gar29 gar35

gar06 = garé gar12 gar18 gar2é gar30 gar3é

alr01 = glrt glré glr7 glr10 Logical reasoning -
glr02 =glr2 glr5 glr8 glri1

glro3 = glr3 glré glr9 glr12

Note. Numbers in parcels reflect item position when items from both sections involving a particular
item type are considered as a single set (e.g., itemsl-6 in the second logical reasoning
sectlion, become items 7-12 in the consolidated set of 12 logical reasoning items. This
pattern of parcel definition can easily be replicated in data from GRE files.
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For purposes of assessing factors underlying GRE performance in this multi-form
sample—and anticipating the need for comparably scaled LSAT and GRE parcels for
use in later analyses involving combined parcels from both tests--raw item-type
parcel scores from the GRE and raw item-type parcel scores from the LSAT were z-
scaled within the 42 subsamples outlined in Table 4.1. For analyses involving
the GRE only, reported below, the z-scaled GRE parcels were pooled to yield
correlations for analysis.?®

Keeping in mind the unique nature of the GRE data involved in these analyses-21
different forms of the test, data collected on 37 different testing occasions,
and so on—and the apparently novel application of this pooling approach in a
factor analytic study involving multiple forms of the GRE (or other similar
tests), it is considered particularly noteworthy that, as will be seen below,

(a) factor outcomes involving the full complement of z-scaled GRE item-
type parcels, conformed in basic aspects to outcomes that have been
reported in previous GRE factor studies—especially a study involving
both operational and experimental GRE parcels (Emmerich, Enright,
Rock, and Tucker, 1991) in which, as in the present study, item
types were not constrained to load on particular factors, and

(b) factor outcomes in LSAT-parallel analyses—involving only the GRE
logical reasoning, analytical reasoning, and reading comprehension
parcels—generally paralleled the outcomes reported in Section 3 for
the corresponding LSAT parcels.

Analytic Procedure

As the initial step in identifying factors underlying performance on the full
array of z-scaled GRE parcels, a principal components.analysis was made of the
corresponding intercorrelations in the total sample (N = 4,447). Results for the
first four components are summarized in Table 4.4.

1o Analyses of correlations based on these z-scaled parcels were in all essentlal respects unmarked by
"irregularities”--ill-conditioning, fallures to converge, and so on--that 1f present would ralse questions
regarding the usefulness of the data set, per se. As a matter of incldental interest, parallel analyses were
conducted using the corresponding raw GRE parcels. Agaln, factor outcomes were free of irregularities. It would
appear that form-to-form variation in the properties of particular sets of test Lltems--e.g., level of
difficulty, validity--tend to "average out" as the number of forms involved increases. In any event, this
incidental finding suggests that a line of lnqulry that appears to warrant further research.
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Table 4.4.

Summary of Eigenvalues and Associated Percentages of Total Variance

Principal Component

PCl PC2 PC3 PC4
Eigenvalue 13.06 2.5 1.3 0.9
Percent variance 37.3 7.3 3.9 2.7
Cumulative percent 37.3 4.6 8.5 0.7

The first three components had eigenvalues greater than 1.0, and the fourth
eigenvalue was close to 1.0 (0.96), indicating that it would be useful to examine
both a three-factor model and a four-factor model. This reasoning is based in
part on evidence suggesting that "a practical basis for finding the number of
common factors that are necessary, reliable, and meaningful for explanation of
correlations among . . . variables . . . is that the number of common factors
should be equal to the number of eigenvalues greater than one of the correlation
matrix (with unities in the diagonal)" (Harman, 1976: p. 185, citing basic work
by Kaiser, 1960). Accordingly, the first three principal components were rotated
to orthogonal (varimax) and oblique (direct oblimin) solutions, and the same
procedures were used to rotate four principal components factors.

Table 4.5 shows the rotated factor matrix for the three-factor varimax solution,
and the corresponding pattern coefficient matrix for the oblimin solution. Note
that the ordering of verbal parcels (GANA to GRC) and quantitative parcels (GRM
to GDI), respectively, and the placement of the three logical reasoning parcels
(GLR), after the verbal parcels, is designed to facilitate overall evaluation.
For present purposes in evaluating the three orthogonal factors and the
corresponding oblique factors, it is sufficient to note that the two solutions
were quite similar with respect to both factor identification and order of
emergence of factors.
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The three factors, in each instance, correspond generally to the three GRE
sections: the first factor is strongly identified by the four verbal item-type
parcels; the second is clearly identified by the quantitative parcels; and the
third is identified primarily by the analytical reasoning parcels.

Of particular interest, for present purposes, is the fact that the three logical
reasoning parcels load more heavily on the first factor (defined primarily by
verbal item-type parcels) than on the third factor (defined primarily by the
analytical reasoning items); but logical reasoning parcels load less strongly on
the verbal factor than do the corresponding verbal item types, including reading
comprehension.

This particular factor outcome is consistent with previous GRE research findings
(especially Schaeffer and Kingston, 1988; Emmerich, Enright, Rock, and Tucker,
1991) and findings from the LSAT analysis reported in Section 3, as well—in
suggesting that the analytical reasoning item type and the logical reasoning item
type tap somewhat different aspects of reasoning ability. As will be seen below,
in the four-factor solution both logical reasoning and reading comprehension
shift from the "verbal" factor to define a fourth factor.

Factor loadings for the four varimax factors and pattern coefficients for the
four oblimin factors are shown in Table 4.6. The two solutions were similar with
respect to order of emergence of factors and factor identification.

@F
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The ordering of presentation of verbal parcels (GANT, GANA, GSC) and quantitative
parcels (GRM, GQC, GDI), and the placement of logical reasoning (GLR) parcels
immediately after the reading comprehension (GRC) parcels, is designed to

facilitate interpretation. Discussion is focussed primarily on the oblique
factors.

1. The first factor to emerge is strongly identified by the

quantitative parcels. The magnitudes of the pattern coefficients on

this factor have a particular order: highest for the regular

mathematics parcels (GRM), next highest for the quantitative
comparison parcels (GQC), and lowest for the two data interpretation
parcels (GDI).

2. The second factor is identified primarily by the verbal item types.
The magnitudes of the pattern coefficients on this factor also have
a particular order: highest for antonym parcels (GANT), next

highest for analogy parcels (GANA), next highest for sentence
completion parcels (GSC), and lowest for reading comprehension
parcels (GRC).

3. The third factor is identified primarily by the six analytical
reasoning parcels (GAR). Coefficients for reading comprehension
(GRC) are relatively high on this factor, as are coefficients for
the three sentence completion parcels (SC), and, to a lesser extent,
data interpretation (cf. relative magnitudes of the loadings for
parcels on the corresponding varimax factor).

4, The fourth factor is identified primarily by the three logical
reasoning parcels and the four reading comprehension parcels (GRC).
As indicated by their elevated coefficients on the second factor,
the reading comprehension (GRC) parcels maintain a verbal identity
as well,

Coefficients for the three sentence completion parcels on the fourth factor
exhibit tendencies observed in past GRE studies for sentence completion items
(which require only sentence-level analysis) to "follow" the more complex reading
comprehension item type.

As was true for the first two factors, it can be seen in Table 4.6 that on the
fourth factor there is also a particular ordering of the logical reasoning and
verbal items types by the magnitudes of the corresponding pattern coefficients:
that is, ranked from highest to lowest in terms of the magnitude of the
coefficients, we see logical reasoning (GLR), reading comprehension (GRC),
sentence completion (GSC), analogy (GANA), and finally antonym (GANT) parcels.

The ordering of the item types on the fourth factor is exactly the reverse of
their ordering on the second factor-significant as part of a pattern of
similarity between the findings under consideration here and previously reported
findings (Emmerich, Enright, Rock, and Tucker, 1991), to be developed in detail
later. The fourth factor appears to reflect complex inferential and reasoning
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skills tapped by reading comprehension items and logical reasoning items, and to
a lesser degree by sentence completion items. These item types were associated
with the verbal factor in the three-factor solution described earlier.

Among other things, the pattern of outcomes suggests that the fourth factor may
reflect a "general reasoning" domain, distinguishable from a "pure verbal
reasoning"” domain represented by the verbal skills tapped by the discrete-verbal
item types—sometimes called "vocabulary" items, which are recognized as
relatively pure measures of verbal reasoning. Factors 2 and 4 are also
distinguished by the degree to which Factor 4 is defined by item types involving
connected discourse.

For interpretive perspective, it is useful to consider in some detail points of
similarity, alluded to above, among the four factors described above, and four
factors identified by Emmerich, Enright, Rock, and Tucker (1991) in a factor
analysis (Promax vrotation of principal components) of operational and
experimental GRE item-type parcels, in which, as in the present study, "

no a priori constraints were placed on the item types that were allowed to define
the factors" (p. 53).

Exhibit 4a (Table 17a from Emmerich et al., 1991) provides essential detail
regarding loadings of the operational item types (ANT through LR5) and

experimental item types (AR3 through CV3) on the four factors identified and
evaluated by Emmerich et al.
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Exhibit 4a.

Selected Findings of a Study by Emmerich, Enright, Rock, and Tucker (1991):
Table 17a from the Study Report

Table 17a

Exploratory Factor Analysis of All Item Types and Parcels
For the 3-Option Multiple-Choice Experimental Sample¥*

__Factor Loadingsv*

Formal-
General N Informal Deductive
_Test Verbal Reasoning Reasoning Quanct.
ANT a =94 -.31 .08 -.03
ANT b .88 -.21 .09 .06
ANL a iy -.04 .02 -.01
ANL b i -.01 -.07 05
SNCP a .71. 06 -.07 11
SNCP b .62 08 01 .10
RCMP a .54 24 .16 -.04
RCMP b -] 16 32 -.22
QC a .07 04 246 38
QC b -.03 07 RN 461
DQ a .06 -.06 260 253
Qb -.14 .06 239 53
DI a .04 -.05 -.01 =82
DI b 02 ~-.06 .03 229
ARS a .02 -.064 .87 .00
ARS b .05 -.08 .90 -.02
ARS ¢ .00 02 i) .07
LRS a .27 03 231 .08
LRS b 38 39 -.10 .14
LRS ¢ .46 27 .06 -.12
Experimental s
Battery
AR3 a .06 .09 21 -.06
ARl b .06 .05 20 .00
LR3 a .29 37 .08 .02
IR3 b .27 239 .02 .22
NLR3 a .11 93 -.09 32
NLR3 b .11 .62 -.21 .29
PI3 a -.26 I3 .33 -.07
PI3 b -.29 .16 32 -.03
AX3 a 24 .63 -.19 -.13
AX3 b .36 S1 09 -.28
CVl a 297 .18 -.15 .12
cV3 b .53 .29 02 -.08

*Principal Components vith‘Pr.:émax Rotaction. -
**loadings equal to or greater than .30 are underlined.

h
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Precise identification of the experimental item types, for which acronyms are
shown in the exhibit, is not essential for present purposes. It is useful to
note, however, that LR3, NLR3, AX3 and CV3 were more highly correlated with
operational logical reasoning items than with operational analytical reasoning
items; CV3 correlated even more highly with the GRE verbal score than with the
logical reasoning subscore, and the opposite pattern of relationships obtained
for AR3 (a three-option version of the operational AR5-option) item type; PI3
items (number series) were about equally correlated with both logical reasoning
and analytical reasoning.

For present purposes, differences in order of emergence of factors are not
considered to be pertinent. Attention is directed primarily to similarities in
findings, especially,

(a) similarity between the second factor in Table 4.6 and the *"verbal"
factor in the exhibit, and

(b) similarity between the fourth factor in Table 4.6 and the factor
labelled "informal reasoning," in the exhibit.

First, the ordering of the four verbal item types and the logical reasoning item
type in terms of pattern coefficients, is similar on the two factors: that is,
on the "verbal" factor as on the second factor in Table 4.6, in order from high
to low in terms of loadings (coefficients), are analogy, antonym, sentence
completion, reading comprehension, and logical reasoning parcels.

Second, the factor labelled "informal reasoning" appears to be similar to the
fourth factor in Table 4.6: that is, "informal reasoning" was defined by strong
loadings for experimental item type PI3 (involving number series)-=known' to
overlap to about the same extent with analytical reasoning items and logical
reasoning items—and experimental item types (for example, NLR3, AX3) known to be
relatively highly correlated with existing operational logical reasoning items
(LR5 in the exhibit). On this factor, as noted by Emmerich et al., the ordering
of the magnitudes of the four verbal item types " . . . is precisely the reverse
of that for the verbal factor!” (p. 53). This same reversal outcome is clearly
discernible for the fourth and the second factors in Table 4.6.

Emmerich et al. (1991) evaluated the pattern of findings revealed in Exhibit 4a,
as follows:

"The magnitudes of the loadings for these four (verbal) item types had
a particular order (on the verbal factor) being highest for ANT, next
highest for ANL, next highest for SNCMP, and lowest for RCMP. This
ordering of the loadings gives especially heavy weight to the lexical
or word-knowledge components of the GRE verbal measure (ANT and ANL),
and does so at some expense to the comprehension and inferential
components . . . (SNCP and RCMP). At the same time, the loadings for
the same four item types on the informal reasoning factor is precisely
the reverse of that for the verbal factor! This pattern of outcomes

BEST COPY AVAILABLE
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_
supports the implication that the verbal and informal reasoning factors
uncovered in our analysis represent closely related but distinctive
domains®" (p. 53).1}

To extend the apparent points of similarity, the factor labelled "formal-
deductive reasoning" in Exhibit 4a, and the third factor in Table 4.6 have in
common the important. property that they are identified primarily by operational
analytical reasoning items. Similarly, the factor labelled "quantitative" in the
exhibit and the first factor in Table 4.6 have in common that they are identified
by operational quantitative item types. Differences are apparent only with
respect to the rank ordering of quantitative item types, in terms of magnitudes
of factor loadings on the factors involved (cf, coefficients for quantitative
item types on Factor 1 and Factor 4 in Table 4.6 with loadings for the "formal-
deductive" and "quantitative" factors in the Exhibit).

Finally, it is useful to compare the factor correlations reported by Emmerich et
al. with factor correlations generated in the present analysis, shown in Table
4.7. Note that coefficients for the present study (in parentheses) reflect
pairings of factors, without regard to order of emergence, based on observed
similarities with those from Emmerich et al.

BEST COPY AVAILABLE

" No a priori constraints fixing the identification of item types with factors were involved in this

analysis. Commenting on this aspect of their analysis, Emmerich et al. observed that " . . . the absence of
such constraints is one of the reasons why Tables 17a and 17b (factor correlations) seem to us to be especially
compelling for purposes of identifying the underlying structure of the reasoning domain" (p. 53, emphasis
added).
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Table 4.7.

Factor Correlations: Emmerich et al. and Present Study

Label from Emmerich et al.

Informal Formal- Quantitative
Verbal Reasoning Deductive

Verbal 1.00 .59 .51 47
(.56) (.46) (.54)
f2x* 2,4 2,3 1,2
Informal 1.00 .60 .51
Reasoning (.48) (.48)
f4 4,3 4,1
Formal- 1.00 .62
Deductive : (.68)
Reasoning £3 3,1
1.00

Quantitative
f1

*Factors in the present study, identified numerically for reporting
purposes, for which correlations are shown in parentheses.

The correlation between informal reasoning and formal-deductive reasoning (r =
.60) is somewhat higher than that between Factor 4 and Factor 3 in the present
study (r43 = .48), but the overall pattern of factor correlations appears to be
similar. The correlation between the second and fourth factors in the present
study (r24 = .56) is quite similar to that between the verbal and informal
reasoning factors (r = .59), and so on.

Generally speaking, given the points of similarity that have been noted, it
appears that the structure-related implications suggested above for findings
involving factors labelled "verbal" and "informal reasoning" in Exhibit 4a, are
also present in findings involving Factors 2 and 4 in Table 4.6. In the present
context, apart from their direct substantive implications, findings reported
above involving the full array of GRE item types in the selected sample of LSAT/
GRE test takers, serve incidentally to establish the viability of the data-set
under consideration for purposes of assessing GRE dimensionality-prior to
conducting analyses involving only the GRE 1logical reasoning, analytical
reasoning, and reading comprehension parcels designed to parallel the analyses
reported for the same three LSAT item types in Section 3.
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L.
LSAT-Parallel Analyses

To analyze factors underlying performance on GRE logical reasoning, analytical
reasoning, and reading comprehension items, the approach employed paralleled that
used in evaluating LSAT dimensionality—that is, an assessment was made of both
two-factor and three-factor solutions. Table 4.8 shows salient results of the
principal components analysis.

Table 4.8.

Eigenvalues and Associated Percentages of Total Variance:
Three Principal Components for GRE Reading Comprehension,
Logical Reasoning, and Analytical Reasoning Parcels

Principal component

Statistic PCl PC2 PC3
Eigenvalue 5.98 1.38 0.81
Percent variance 46.0 10.6 6.2
Cum percent 46.0 56.7 62.9

Orthogonal (varimax) and oblique (direct oblimin) rotations were performed, to
two-factor and three-factor solutions, summarized in Table 4.9.

) In the three-factor GRE solution, again as in the corresponding
LSAT analysis, analytical reasoning items continue to define a
distinct factor, but the coalition’ between reading
comprehension and logical reasoning—evident in the two-factor
solution—is abridged by the emergence of separate factors
corresponding to these two item types.
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e ——————————————————— . .

It would appear that in the selected LSAT/GRE sample, the factor structure
underlying performance on the GRE logical reasoning, reading comprehension, and
analytical reasoning parcels, is very similar to the underlying performance on
the LSAT logical reasoning, reading comprehension, and analytical reasoning
parcels,

Before combining data from the two tests for exploratory factor analyses, it is
useful to examine characteristics of the data set—especially the fact that
observations on the LSAT and the GRE are not concurrent—that complicates
interpretation of the between-test correlations. Such an examination is provided
in the following section.

SECTION 5. BETWEEN-TEST CORRELATIONS IN THE JOINT SAMPLE,
AND CONSIDERATIONS INVOLVED IN THEIR EVALUATION

Thus far, attention has focussed exclusively on within-test analyses. In Section
3, LSAT data were analyzed, and the analyses in Section &4 involved only data from
the GRE General Test. In the within-test analyses, all correlations analyzed
reflected concurrent relationships among the variables involved—scores on item-
type parcels, section-level item-type scores, and so on. Correlations between
GRE parcels reflected pooled (concurrent) within-form relationships—even though
the score data involved, derived from 21 different forms of the GRE, were
collected in a total of 37 different GRE administrations between October 1988 and
December 1991.

The analyses reported in this section are concerned with questions regarding
between-test relationships, reflected in correlations between the reported LSAT
scaled scores or LSAT item-type (section) subscores, on the one hand, and GRE
scaled scores or GRE item-type subscores, on the other.” In these analyses, none
of the correlations reflects concurrent relationships between the corresponding
LSAT and GRE variables. 1In some instances, three years separated the LSAT and
GRE test administrations, in other instances both tests were taken within less
than 10 days.

Table 5.1 shows the distribution of the joint LSAT/GRE sample according to the
order in which the two tests were taken and time interval between testing
occasions. About one-third of the examinees took the GRE after the LSAT, after
intervals ranging from a week to six months. The remainder took the LSAT after
the GRE, after intervals ranging from nine days to 36 months; for some 17 percent
of the sample, both tests were taken in the same month.
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Table 5.1.

Distribution of Sample According to Time Between LSAT and GRE Test
Administrations and Ordering of the Two Test Administrations

Cum
Order: time between Code Frequency Percent Percent
GRE after LSAT: 1 - 6 mos. 1 916 20.6 20.6
GRE after LSAT: 7 days 2 592 13.3 33.9
GRE before LSAT: 9 days 3 176 4.0 37.9
1 - 6 mos. 4 450 10.1 48.0
7 -12 mos. 5 709 15.9 63.9
13 -18 mos. 6 447 10.1 74.0
19 -24 mos. . 7 444 10.0 84.0
25 -30 mos. 8 274 6.2 90.1
31 -36 mos. 9 439 9.9 100.0
Total 4447 100.0 100.0

Attention is directed first to a brief, primarily descriptive analysis of
differences among subgroups classified by order of test taking and time interval
between testing occasions (that is, order/interval subgroups or categories) with
respect to both average test performance and between-test correlation.

Next, attention is directed to analyses of between-test correlations involving
section-level (item-type) LSAT and GRE subscores, especially scores involving the
three item types that are common to both tests. In these analyses, like those
involving scaled scores from the two tests, between-test correlations were
computed for the order/interval subgroups, such as those shown in Table 5.1.
These analyses were concerned, in part, with exploring the possibility that time-
related effects may be less pronounced for certain item types (for example,
reading comprehension) than for others (for example, analytical reasoning or
logical reasoning).

Such a possibility is suggested by findings of studies (for example, Wilson,
1988) involving GRE "repeaters" (candidates who take the GRE more than one time),
indicating substantially lower "test-retest" correlations for the GRE analytical
scaled score (r’s of approximately .75 regardless of time interval) than for
either the GRE verbal scaled score or the GRE quantitative scaled score (r’s
centering around .86 for test-retest intervals ranging between a month and over
15 years). The GRE analytical measure is shorter, and correspondingly somewhat
less reliable, tha@ﬂeither‘GRE verbal or GRE quantitative.

In any event, based on evidence of lower test-retest correlations for the GRE
analytical measure than for the other two GRE measures, it was considered
plausible that similar patterns might be observed for subscores on the
corresponding item types.

An incidental objective of the analyses reported in this section is to provide

perspective for evaluating outcomes of exploratory factor analyses involving
parcels of items from both the LSAT and the GRE, to be reported in Section 6.

69
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Scaled Score Analyses

Differences among the order/interval subgroups with respect to performance on the
LSAT and the GRE are evident in Table 5.2. Results of one-way analyses of
variance indicate that the mean differences in Table 5.2 are statistically
significant. However, the principal contribution to observed differences in
every instance is by subgroups taking the GRE after the LSAT, true for all four
test variables, and subgroup differences are more pronounced in analyses
involving the GRE analytical measure than in analyses involving the other test
variables.

. When only subgroups taking the GRE before the LSAT were
considered in one-way analyses of variance, the resulting F-
ratios were not statistically significant, except for the
analysis involving the GRE analytical ability measure (cf. F-
ratios shown in Table 5.2 for "total" and "before only").
Findings not shown in the table indicate that the two "GRE
after LSAT" subgroups are significantly differentiated,
‘statistically, with respect to performance on the test
variables.

. The "GRE after LSAT: 7 days" subgroup registeréd noticeably

higher means on all four test variables than did other
subgroups.1?

BESTCOPY AVAILABLE

2 I s possible that LSAT examinees who take the LSAT and then take the GRE may differ from those who have
already taken the GRE when they are tested with the LSAT in terms of basic career orientation. The latter may
be thought of as GRE examinees who subsequently take the LSAT, whereas the former may be thought of as LSAT
examinees who subsequently take the GRE. Detailed consideration of the characteristics of these two subgroups
i3 outside the scope of this study.
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Table 5.2.

Descriptive Statistics for Test-Order/Time-Interval Subgroups:
LSAT and GRE Scaled Scores

Order/interval category N LSAT GRE-V GRE-Q GRE-A
Mean SD Mean SD Mean SD Mean SD

GRE after LSAT: 1 -6 mos.* 916 153 9.2 560 108 571 123 631 115
GRE after LSAT: 7 days* 592 156 9.4 581 111 599 127 658 117

GRE before LSAT: 9 days 176 155 10.3 562 105 575 136 608 130
GRE before LSAT: 1 - 6 mos. 450 154 9.9 558 115 578 125 611 119

7 =13 mos. 709 155 9.4 551 108 565 126 602 120

13 -18 mos. 447 155 8.8 558 103 565 122 599 118

19 -24 mos. 444 155 9.1 560 109 579 123 604 110

25 =30 mos. 274 154 9.2 536 107 564 123 578 120

31 -36 mos. 439 155 9.3 551 112 572 130 582 121

Total 4,447 155 9.4 559 109 574 126 613 120
F ratio: Total 5.24 5.16 4.05 22.39
Prob: Total .0000 .0000 .0001 .0000
Before only: F ratio* 1.67 1.97 1.14 4.00
Before only: Prob* .1238 .0661 .3391 .0005

* Differences among subgroups taking the GRE after the LSAT only.

The correlations shown in Table 5.3 involve scaled scores on the two tests. The
data suggest time-related trends in level of correlation between the respective
GRE scaled scores and LSAT scaled score. These time-related trends appear to be
somewhat more pronounced for correlations involving the scaled GRE analytical
score than for the other correlations—that is, with some exceptions, coefficients
tend to be larger for subgroups with shorter between-test intervals than for
subgroups with longer intervals, but this tendency appears to be more pronounced
for GRE-A than for either GRE-V or GRE-Q. By and large, correlations are
stronger in samples taking the respective tests within six months than in the
remainder of the sample.
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Table 5.3.

Correlation of GRE General Test Scores with LSAT Score,
by Order/Time Interval Categories: Scaled Scores for Both Tests

Correlation with LSAT

Order/interval N GRE-V GRE-Q GRE-A
GRE after LSAT: 1 - 6 mos. 916 .78 .71 .75
GRE after LSAT: 7 days 592 .77 .73 .79
GRE before LSAT: 9 days 176 .81 .79 .85
Gre before LSAT: 1 - 6 mos. 450 | .80 | .70 .80
7 - 12 mos. 709 .77 .72 .73
13 - 18 mos. 447 .73 .71 .74
19 - 24 mos. 444 .75 .65 .75
25 - 30 mos. 274 .72 .62 .72
31 - 36 mos. 439 .73 .69 .78
Total 4,447 .76 .70 .74

Highest correlations obtain for the "GRE-before-LSAT: 9 days" subgroup. As can
be seen in Table 5.2, the GRE analytical ability and quantitative ability
standard deviations, and the LSAT standard deviation, but not that for GRE
verbal, were elevated somewhat in this particular subgroup.

Explication of these trends is outside the scope of ‘the present study. For
present purposes, the findings are of interest primarily because they provide
evidence of time-related trends in between-test correlations involving scaled
scores—trends that appear to be somewhat more pronounced for the GRE analytical
measure than for the other two GRE measures. Findings involving LSAT item-type
subscores, reported below, indicate that «correlations involving reading
comprehension subscores tend to be somewhat more stable across order/interval
subgroups than correlations involving logical reasoning subscores and,
especially, analytical reasoning subscores.

Patterns of Between-Test Correlations Involving Subscores on Item Types
Common to Both Tests

Before examining correlational findings involving subscores, a brief overview is
provided of the subscores involved and procedures followed in computing and
rescaling subscores for the respective tests, and in estimating reliabilities
used to generate disattenuated correlations.
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Item-Type Subscores Involved in Analyses

The item-type subscores used in the analyses reported in this section are

enumerated in Table 5.4. In most instances, the scores involved correspond
directly to item-type sections. A brief description is in order for two
subscores.

e First, the GRE subscore labelled GRElsat is a composite of GRE
logical reasoning, analytical reasoning, and reading comprehension
subscores. This GRE subscore reflects performance on the three item
types that are common to both the LSAT and the GRE, and thus is
LSAT-parallel with respect to item-type composition, but not mix—the
GRE subscore is more heavily weighted with analytical reasoning
items than with logical reasoning items, while the opposite is true
of the LSAT.

¢ Second, in parallel factor analyses of logical reasoning, reading
comprehension, and analytical reasoning parcels, conducted for the
LSAT and the GRE, generally parallel two-factor solutions were
obtained—one factor in each test analysis was defined by parcels of
logical reasoning items and parcels of reading comprehension items.
The subscores labelled "informal reasoning" are thought of as
specifying these factors operationally for each test (although they
are not "factor scores," per se).

73
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Table 5.4.

Outline of Item-Type Subscores from the LSAT and the GRE

Item type GRE No. LSAT No.

items items

Logical reasoning GLR 12 LLR24 24

) LLR25 25

Analytical reasoning GAR 38 LAR 24

Reading comprehension GRC 22 LRC 28

GRElsat¥* GLR+GAR+GRC 62 (LsAT) 101

"Informal reasoning"** GLR+GRC 33 LLR+LRC 77

"GINFR" "LINFRII

Sentence completion GSC 14 N.A.
Analogy GANA 22 N.A.
Antonym GANT 22 N.A.
Quantitative comparison . GQC 30 N.A.
Regular mathematics GRM 20 N.A.
Data interpretation GDI 10 N.A.

* This subscore is a composite of GRE logical reasoning, analytical reasoning, and reading comprehension
items—the three item types represented in the LSAT (hence GRElsat).

** This subscore, in both tests, is a composite of logical reasoning and reading comprehension items..
These item types define generally parallel factors in LSAT and GRE analyses (reported in Section 3
and Section 4).

As was done in developing scores for item-type parcels, raw number-right scores
computed for the variables designated in Table 5.4, were z-scaled within the 42
GRE/LSAT form-samples (see Section &4, Table 4.1, and related discussion).

Raw-score versions of the GRE item-type scores were also analyzed as a matter of
incidental interest. Generally speaking, patterns of outcomes involving raw
number-right scores on GRE variables, not reported herein, were similar in all
essential respects to patterns of outcomes reported in this section for the
corresponding z-scaled scores.

Reliability estimates for the LSAT variables are shown in Table 5.5a, and
estimates for the GRE variables are shown in Table 5.5b. As noted in the tables,
coefficients based on data for the selected sample and published coefficients for
different versions of the GRE and the LSAT, respectively, were evaluated. Given
the generally comparable nature of the coefficients evaluated—as indicated in the
two tables—it was decided to select a typical value for use in corrections for
unreliability (the medians shown in the tables, for all coefficients shown in the
respective rows).

~J
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Table 5.5a.

Estimates of Reliability for LSAT Subscores*

LSAT Median

Test Value
Part Score n Multiple Analysis (All
(Item Type) Acronym Items Forms June  Oct Coefficients)
Sample (N) 4,447
Logical reasoning-1 (LLR24) 24 78 .78 el .78
Logical reasoning-2 (LLR2S) 25 .78 9 Nyl .78
Logical reasoning (1+2) (LLR49) 49 .89 (.87 .88 .88)**
Reading comprehension (LRC28) 28 .80 .80 .9 .80
Analytical reasoning (LAR24) 24 .80 . .76 el
LLR +LRC (informal reasoning) (Linfr) i 91) (91)***

* The LSAT section-score estimated reliability coefficients shown under "median value® are medians of Rulon-reliabilities (Rulon,
1939), computed in the selected sample for subsamples taking June and October LSAT forms, respectively (reported under
"multiple forms"), and KR-20 reliabilities reported by ETS for the June and October forms of the LSAT in test-analysis samples
(*June" and "Oct" columns).

** LLR49 is the sum of LR24 and LR2S; reliabilities estimated from test analysis data for the respective sections.
*** "Linformal reasoning” is the simple sum of z-scaled scores for LSAT reading comprehension and LSAT logical reasoning, the

two item types defining the first factor in the two-factor LSAT model and the two-factor GRE model: reliability estimated from
internally reported data for the two LSAT forms.
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Table 5.5b.

Estimates of Reliability for GRE Item-Type Part Scores,
Using Multiple-Form Data and Single-Form Data, Respectively

Single Form Median

Study Test Value
Part Score n Multipte Sample Analysis An
(Item Type) Acronym Items Forms (@) (b) Coefficients)
Sample (N) 4,447
Sentence Completion (GSC) 14 .70 J nmn .70
Analogy (GANA) 18 .63 59 6 .M 64
Reading Comprehension (GRC) 2 .78 9 76 .78 78
Antonym (GANT) 22 .8 79 7B 78
Quantitative Comparison » (GQC) 30 85 82 .85 86 85
Regular Mathematics (GRM) 20 84 85 84 .79 84
Data Interpretation (GDI) 10 73 63 6473 .68
Analytical Reasoning (GAR) 38 88 87 86 89 88
Logical Reasoning (GLR) 12 69 65 .62 .66 66
GRC+GLR +GAR (LSAT TYPES) Gisat 77 (.90) Not available (.90)
GRC+GLR (Ginformal reas) (Ginfr) 34 (84) Not available (:84)*

* GRE test analysis reliabilities are KR-20 estimates, computed for recent forms of the GRE General Test: Form 3JGR3 (a), 30GR4
(b). The "multiple forms" Rulon-reliability estimates were based on raw, odd-even scores for the respective item types, without regard
to test form (over 21 different forms); the "single form" estimates are based on data for the largest GRE form-sample represented
in the study sample (N = 666).

** "Ginformal reasoning" is the simple sum of z-scaled scores for GRE reading comprehension and GRE logical reasoning, the two
item types defining the first factor in the two-factor GRE model and the two-factor LSAT model.

Attention is directed first to an evaluation of patterns of observed between-test
correlations, and then to an evaluation of disattenuated correlations for
subscores involving item types common to both the LSAT and the GRE.

Time-Related Trends in Observed LSAT/GRE Correlations

Given evidence of time-related trends in correlations involving scaled scores on
the LSAT and the GRE, correlations involving the subscores shown in Table 5.4
were computed and evaluated across nine order/interval subgroups—that is, the
subgroups for which scaled-score correlations were evaluated (see Table 5. 3 and
related discussion, above).

76
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Correlations are shown in Table 5.6 for selected LSAT and GRE variables. More
specifically,

(a) on the LSAT side, the variables involved are the LSAT scaled score, logical
reasoning (LLR), reading comprehension (LRC), and analytical reasoning (LAR);
note that the LLR coefficients reported in the table are means of the
corresponding coefficients for the two LSAT logical reasoning subscores (LLR24
and LLR25);

(b) on the GRE side, the variables involved are the LSAT-parallel subscore
(GRElsat), GREinfr (composite of GRE logical reasoning and reading
comprehension), GRE logical reasoning (GLR), GRE reading comprehension (GRC) and
GRE analytical reasoning (GAR).

Various aspects of the findings reported in Table 5.6 are noteworthy. For
example,

(a) correlations tend to peak for subgroups taking both tests after shorter
between-test intervals, regardless of order of test-taking,

(b) the LSAT-parallel GRE subscore (GRE lsat) correlates more highly with LSAT
scaled score than does any of the GRE scaled scores, indicating the specific
underlying affinity between the corresponding LSAT and GRE item types, and

(c) time-related differences in level are more pronounced for correlations

involving the LSAT analytical reasoning subscore than for correlations involving
the other two LSAT item-type scores.
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Table 5.6.
Correlation of LSAT Scaled Score and Item-Type Section Scores
with Designated GRE Scores, in Nine Order/Interval Subgroups

LSAT SCALED SCORE vs. Designated GRE subscore GRE scaled score
(GRELSAT)*
N GLR+GAR+GRC GLR+ GLR GRC GAR v A Q
z-scale GRC
LSAT was taken . . z z z z z
1 - 6 months after 916 .82 9 .68 .76 66 .78 .S .M
7 days after GRE 592 .84 79 .68 .S %6 .7 .9 .13
9 days before 176 .88 .83 .M .78 .81 .81 8 .79
1 - 6 months before 450 .82 .78 .66 .76 .74 .80 80 .70
GRE

7 -12 months " 709 79 30 .60 .69 66 TT T3 .7
13 -18 months " 447 .76 70 .59 .66 65 T3 6 .M
19 -24 months " 444 .80 T4 W61 J6 69 7S TS .65
25- 30 months " 274 7 .68 .57 .63 .59 .72 .72 .62
31 -36 months " 439 .78 .72 .63 .68 .68 .73 .78 .69
LSAT LOGICAL REASONING

(Mean of coefficients

for LR24 and LR25)

1 - 6 months after GRE .78 J7 .68 .M .59 .76 .68 .67
7 days " .82 78 67 5 69 77 ..M
9 days before GRE .85 .81 .70 .76 .76 .80 .81 .80
1 - 6 months * .78 T6 66 T3 66 .78 .74 .67
7 -12 months ¥ 75 72 .59 68 .59 .76 .67 .68
13 -18 months * 7 .68 56 b4 57 N b5 .66
19 -246 months * 7 T 82 .73 .61 73 .69 .59
25 -30 months " .67 66 .55 62 .52 .72 .65 .58
31 -36 months % .78 T6 0 66 70 66 . .74 76 68
LSAT READING COMPREHENSION

1 - 6 months after GRE 7 72 .62 .69 .50 .74 .59 .54
7 days " 74 73 .61 .71 57 .74 64 57
9 days before GRE N .63 .71 66 .76 .71 .60
1 - 6 months * 75 73 .60 .73 .62 .76 .69 .58
7 -12 months " .72 77 .58 .69 .53 .74 .62 .59
13 -18 months * .65 b4 52 61 49 70 .59 .53
19 -26 months *® .7 70 .55 .71 57 .75 b4 .52
25 -30 months * .63 &4 .53 .61 45 .70 .58 .46
31 -36 months .70 67 .57 .66 .55 .70 .65 .54

LSAT ANALYTICAL REASONING

1 - 6 months after GRE .64 .52 45 .50 .67 .48 .68 64
7 days * .62 S1 0 W66 48 68 46 67 .61
9 days before GRE .75 .65 .54 .63 .77 .60 .77 .69
1 - 6 months “ .62 .52 45 .50 .68 .51 .69 .59
7 -12 months * .57 45 .38 41 .62 45 .63 .59
13 -18 months * .55 43 .38 .39 .60 41 L84 L59
19 -24 months * .52 410 32 41 59 40 .59 .55
25 -30 months .52 410 39 36 57 36 .62 .54
31 -36 months © .49 .38 .36 .34 .56 .35 .59 .53

Note. The strongest correlation of a GRE variable with a designated LSAT variable
is indicated by an underlined coefficient.

* Simple sum of z-scaled scores for GRE logical reasoning, analytical reasoning, and
reading comprehension item types—paralleling the LSAT with respect to item type

composition (hence GLSAT) . .
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Salient time-related differentials in the data are captured by contrasting.
coefficients for two subgroups, namely, a "shorter interval" subgroup (composed
of examinees taking both tests after brief intervals of five days and nine days),
and a "longer interval®” subgroup (composed of examinees who took the GRE 18 to
36 months before taking the LSAT). This is evident in Figure 5.1, which
contrasts profiles of correlations, computed in shorter- and longer-interval
subgroups, respectively, for LSAT reading comprehension (upper panel), LSAT
logical reasoning (middle panel), and LSAT analytical reasoning (lower panel),
with the nine GRE item-type subscores. Note on the horizontal axis that GRE
reading comprehension (GRC), GRE logical reasoning (GLR), and GRE analytical
reasoning (GAR) are placed together on the far right.
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Figure 5.1. Correlotion of LSAT reoding comprehension,

logicol reosoning. ond anolyticol reosoning subscores with

GRE item-.type subscores for subgroups clossified by time
between tests: < 10 doys vs. 19-36 months
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For each LSAT variable, the two time-interval correlational profiles are parallel
(similar with respect to pattern); they differ only with respect to level.
However, it can be discerned that with respect to general levels of correlation,
the profiles involving LSAT reading comprehension differ least, the profiles
involving LSAT analytical reasoning differ most, while those involving LSAT
logical reasoning appear to be in between.

In figure 5.2, correlational profiles for the three LSAT item types are shown
together for the total sample (upper panel), the shorter-interval subgroup
(middle panel), and the longer-interval subgroup (lower panel). These profiles
point up similarities between LSAT reading comprehension (LRC) and LSAT logical
reasoning (LLR), especially in correlations involving GRE verbal item types and
GRE logical reasoning, as well as clear distinctions between these two item types
and LSAT analytical reasoning.
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Figure 5.2. Correlation of LSAT logical reasoning (LLR),
reading comprehension (LRC), and analyticol reasoning (LAR)
subscores with GRE item type subscores
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LSAT reading comprehension and LSAT logical reasoning appear to diverge a bit,
in level of correlations involving the three GRE quantitative item types—that is,
LLR correlates more highly with GQC, GRM, and GDI than does LRC, suggesting the
possibility that aspects of logical reasoning that are not measured by reading
comprehension items, may involve skills that overlap somewhat with skills in the
quantitative reasoning domain.!?

The profiles for LSAT analytical reasoning reflect lower correlations with GRE
verbal item types and the GRE logical reasoning subscore than with GRE
quantitative item types; and LAR correlates more highly with the analytical
reasoning subscore than with any other GRE subscore, a pattern that appears to
be least pronounced in the longer-interval subgroup.

To close out consideration of observed correlations, Figure 5.3 shows general
parallelism in correlational profiles for LSAT and GRE reading comprehension,
logical reasoning, and analytical reasoning subscores, based on correlations
between the respective subscores and subscores for the six GRE item types that
are not common to both tests: three verbal item types (analogy, antonym, and
sentence completion) and three quantitative item types (quantitative comparison,
regular mathematics, and data interpretation). In evaluating differences in
level of correlation between the respective pairs of item-type subscores, it is
important to keep in mind, of course, that the pairs of subscores involved are
based on subtests of different 1length. However, inferences regarding
"parallelism” in the correlational profiles are not affected by these
differences.

¥ The divergence in correlation noted actually appears to be more prdnounced for the shorter-interval

subgroup than for the longer-interval subgroup--true as well, albeit to a lesser extent, for the correlation
of LSAT logical reasoning with GRE analytical reasoning (GAR). This is contrary to the more general tendency
for between-test coefficients to be consistently lower in the longer-interval subgroup than in the shorter-
interval subgroup. The fact that differences in level of correlations involving LLR and LRC with GRE
quantitative items are more pronounced for the shorter-interval subgroup cannot be readily explained. Such
differences possibly may be due to differences in relative stability of measurement for the LSAT item types
involved. For example, as observed in Figure 5.1, correlations involving LSAT reading comprehension generally
are somewhat more stable than are the correlations involving LSAT logical reasoning items. Accordingly,
discinctions between logical reasoning and reading comprehension, evident in the shorter-interval profiles, may
be "blurred” somewhat in the longer-interval profiles by differential time-related effects: that is, largér
relative change in correlations involving logical reasoning than in correlations involving reading
comprehension. In such circumstances, only the more proximate observations could be expected to reflect validly
any uniqueness in their relationships with other measures. In any event, research is needed to assess the
relative stability of abilities measured by these item types.
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Figure 5.3. Correlotion of LSAT item-type subscores and
corresponding GRE item-type subscores with designated GRE
verbal and quontitative item-type subscores
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The affinity between analytical reasoning items and quantitative items, observed
in previous research involving the GRE, is clearly evident for LSAT analytical
reasoning items, as well as for the GRE analytical reasoning items. And, the
close affinity between reading comprehension and logical reasoning is reflected
in their generally parallel correlational profiles.

Estimating Between-Test Overlap

Based on evidence of time-related trends in between-test correlations, as well
as logical considerations, data for the shorter-interval subgroup were used in
analyses concerned with estimating degree of overlap between LSAT variables and
corresponding GRE variables. Corrections for attenuation were made using the
standard formula—that is, the observed correlation for each pair of variables was
divided by the square root of the product of the median reliability coefficients
for the variables involved. Similar corrections were also applied to observed
coefficients for the longer-interval subgroup.

Observed and corrected coefficients for designated pairs of LSAT and GRE
variables are shown in Table 5.7. Based on the disattenuated coefficients
involving the LSAT scaled, there is very substantial overlap between the LSAT and
the GRE composite (GRElsat) made up exclusively of GRE logical reasoning,
analytical reasoning, and reading comprehension items. The strong disattenuated
correlation (r = .93) obtains, even though the proportional mix of the three item
types in the GRElsat composite differs substantially from the mix in the LSAT.
This holds as well for the two composites labelled "informal reasoning, for which
the disattenuated coefficient with GRElsat was also high (r = .93).
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Table 5.7.
Summary of Observed and Disattenuated Correlations

between Selected LSAT Variables and Designated GRE
Variables, for Shorter- and Longer-Interval Subgroups

Shorter-interval observed correlation

LSAT VARIABLES vS. Designated GRE subscore

(GRElsat)* Ginfr

GLR+GAR+GRC GLR+ GLR GRC GAR

z-scale GRC
z z z z z

(Reliability)** (.90) (.84) (.66) (.78) (.88)
LSAT (scaled score) .85 (.92) .80 .68 .76 .76
LSAT Informal reasoning .84 (.91) .81 b9 .78 .70
LSAT Logical reasoning(25) .76 (.78) .75 b2 69 .66
LSAT Logical reasoning(24) .79 (.78) T6 .65 T3 .66
LSAT Reading comprehension .74 (.80) 73 .62 M .59
LSAT Analytical reasoning 65 (.77) 546 66 51 .70

shorter-interval disattenuated correlation

LSAT (scaled score) .93 91 .87 .90 .8
LSAT Informal reasoning .93 93 .89 .93 .78
{(LSAT Logical reasoning*** _92 .94 .88 .91 .80))
LSAT Logical reasoning(25) .90 .93 .86 .88 .80
LSAT Logical reasoning(24) .94 9 .91 .94 .80
LSAT Reading comprehension .87 .89 .85 .90 .70
LSAT Analytical reasoning .78 b7 .65 .66 .8

Longer-interval observed correlation

LSAT (scaled score) ” 2 .61, .69 .66
LSAT Informal reasoning 77 50 W63 .72 .62
LSAT Logical reasoning(25) .67 65 .55 .63 .54
LSAT Logical reasoning(24) .72 69 .59 .65 .58
LSAT Reading comprehension .49 .67 .55 .66 .53
LSAT Analytical reasoning .50 .40 35 .37 .57

Longer-interval disattenuated correlation

LSAT (scaled score) .85 2 7B .81 .73
LSAT Informal reasoning .85 .86 .81 .8 .69
{{LSAT Logical reasoning*** .83 82 .80 .82 .68))
LSAT Logical reasoning(25) .80 .80 .77 .81 .65
LSAT Logical reasoning(24) .86 .85 .82 .83 .70
LSAT Reading comprehension .81 82 .76 .84 .&3
LSAT Analytical reasoning .60 .50 .50 .48 .69

* simple sum of z-scaled scores for GRE logical reasoning, analytical
reasoning, and reading comprehension item types—paralleling the LSAT
" with respect to item type composition (hence GRElsat).

** gee Table 5.5a and 5.5b for detail.

*** This is the rounded mean of corrected coefficients for LLR24 and
LLR2S.
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Figure 5.4 points up the levels and patterns of disattenuated relationships
between LSAT item-type subscores and the corresponding GRE item-type subscores
in the shorter-interval subgroup. Note that the rounded mean of disattenuated
coefficients reported for the two LSAT logical reasoning sections is used in the
figure. For LSAT reading comprehension (LRC) and logical reasoning (LIR), the
pattern of estimated coefficients involving the three GRE item types is quite
similar; and the pattern of estimated coefficients for LSAT analytical reasoning
(LAR) is noticeably different—evidencing the psychometric distinctiveness of this
item type. Differences in level need to be evaluated in light of evidence
reviewed earlier in this section, indicating a particular ordering of the three
item types with respect to degree of stability of their correlations with other
variables across order/interval categories, namely, from more to less stable,
reading comprehension, logical reasoning, and analytical reasoning.

Figure 5.4. Corrected correlations between LSAT ond GRE
subscores for item types common to both tests

1.0

Correcled correlation

GRC GLR GAR
GRE subscore
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Thus, differences in relative levels of correlation involving LRC, LLR, and LAR
with their GRE counterparts, indicated in Figure 5.4, appear to be less
noteworthy than is the overall pattern of outcomes reviewed in this section, and
captured in the figure—a pattern suggesting that

(a) LSAT logical reasoning and reading comprehension item types and their GRE
counterparts measure, in common, closely related aspects of general (informal)
reasoning ability, and

(b) in both the LSAT and the GRE, the ability domain tapped by logical
reasoning and reading comprehension item types is psychometrically
distinguishable from that tapped in common by LSAT analytical reasoning items and
their GRE counterparts.

More generally, considering the fact that the two sets of test observations
involved were not collected on the same testing occasion, it appears likely that
the disattenuated coefficients reported in Table 5.7 understate the extent to
which the logical reasoning, analytical reasoning, and reading comprehension item
types included in the LSAT and their counterparts in the GRE General Test are
functionally equivalent in their measurement properties.

The time-related patterns of between-test correlational findings reported in this
section for LSAT and GRE scaled scores and section-level item-type subscores from
the two tests provide perspective for evaluating findings, reported in the next
section, of a factor analysis involving both LSAT item-type parcels (analyzed
separately, as reported in Section 3) and the corresponding GRE item-type parcels
(also analyzed separately, as reported in Section 4).

SECTION 6. FURTHER EVIDENCE OF COMMON STRUCTURE IN
ITEM TYPES COMMON TO THE LSAT AND THE GRE

Findings involving between-test correlations for LSAT and GRE scaled scores and
especially those involving section-level item-type subscores from the two tests,
reported in the preceding section, are consistent with findings of separate
within-test factor analyses, reported in Section 3 and Section 4, in suggesting
that

(a) LSAT logical reasoning and reading comprehension item types and their GRE
counterparts measure closely related aspects of "reasoning ability" (general or
informal, in nature), and

(b) in both the LSAT and the GRE, the abilities tapped in common by logical
reasoning and reading comprehension item types are psychometrically
distinguishable from those tapped, by LSAT analytical reasoning items and their
GRE counterparts.
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. __________________________________________________________________________________________________________________________________]
In within-test factor analyses involving LSAT item-type parcels and the
corresponding GRE item-type parcels, two-factor and three-factor models were
generally parallel. If the LSAT and GRE observations here under consideration had
been obtained in a single testing session, it would follow that two-factor and
three-factor models, paralleling those identified in the within-test analyses
with respect to item-type specification, should also be identified when the two
sets of item-type parcels involved are treated jointly.

However, as we know, the two sets of observations were obtained in different
testing sessions. And, as shown in the preceding section, although profiles of
between-test correlations involving LSAT item-type section-scores and profiles
involving corresponding GRE item-type section scores were generally similar with
respect to pattern, they differed systematically in level due largely, perhaps,
to influences stemming from the fact that the two sets of test observations were
not concurrent, rather than from differences in the respective item types.

Thus, when item-type parcels from both tests are combined for analysis, as in the
present section, effects associated with the systematic attenuation of between-
test correlations relative to within-test correlations, involving particular item
types, can be expected to affect factor outcomes.

Indeed, such effects are revealed clearly in the findings of the exploratory
analysis of factors underlying performance on combined parcels of items of the
three types that are common to both the LSAT and the GRE General Test, reported
in this section.

As will be seen, the findings reflect both

(a) the fundamental similarities already established, with respect to both the
within-test and the between-test correlational patterns for the three item types,
and

(b) secondary correlational effects attributable to the use of non-concurrent

test observations—and associated, systematic between-test differences in levels
of correlation involving the same item types.
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Analytical Rationale and Procedure

A total of 33 item-type parcels from the LSAT and the GRE, combined-described in
detail in Section 3 and Section 4, and outlined briefly below—was available for
the combined analysis.

Item Type Number
and Number Items Parcel Acronym Parcels

Logical reasoning

LSAT (LLR) 25 LLR51 LLR52 LLR53 LLR54 LLR5S 5

LSAT (LLR) 24 LLR6 1 LLR62 LLR63 LLR64 LLR65 5

GRE (GLR) 12 GLRO1 GLRO2 GLRO3 3
Reading comprehension

LSAT (LRC) 28 LRC1 LRC2 LRC3 LRC4 LRCS 5

GRE (GRC) 22 GRCO1 GRCO2 .GRC03 GRCO4 4
Analytical reasoning

LSAT (LAR) 24 LAR1 LAR2 LAR3 LAR4  LARS 5

GRE (GAR) 36 GARO1 GARO2 GARO3 GARO4 GARO5 GARO6 6
Intercorrelations of z-scaled scores on the 33 pafcels were computed. A

principal components analysis was conducted, and the first six components were
retained for exploratory analysis.

The decision to retain six components for further exploratory analysis was made
in order to permit a direct empirical assessment of the extent to which factor
structure in analyses involving combined parcels from both tests reflects both

(a) the primary underlying relationships—suggesting common underlying
structure—already evidenced by strong similarities in patterns of between-test
correlation involving the three item types as well as by the parallel outcomes
of within-test factor analyses, and

(b) secondary correlational trends associated with systematic differences in
levels of between-test correlations involving item-type section scores, that
would lead to factorial distinctions between corresponding pairs of item types
from the respective tests—distinctions that are largely nonconstruct-related.
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It is useful to recall, in connection with the foregoing, that in the separate
analyses of the two sets of parcels, three principal components were retained to
permit evaluation of both two-factor and three-factor models—of which the latter
represents the ultimate decompositional resolution of intercorrelations involving
only three types of items within a given test.

Given the between-test influences that have been identified in the current data-
set, attainment of the related objectives noted above calls for extracting,
rotating, and evaluating six factors, thus permitting ultimate decomposition of
the correlation matrix into factors corresponding to the six test/item-type
parcel sets reviewed briefly above. It is important to keep in mind, of course,
that the extension of factorization in this way is designed primarily to permit
assessment of the mix of within-test and between-test correlational effects that
is peculiar to this particular data set.

Table 6.1 documents loadings of parcels on the first six principal components
extracted using data for the total sample, and the associated eigenvalues. Three
of the latter were greater than 1.0 and two were close—eigenvalues of .9 for
components four and five. Recalling that only two eigenvalues were equal to or
greater than 1.0 in separate within-test analyses involving these parcels, the
results in Table 6.1, alone, indicate somewhat greater factorial complexity for
intercorrelations involving the combined parcels—due to the mix of within-test
and between-test correlational effects peculiar to this sample—than was evidenced
in the separate within-test analyses.

Table 6.1.

Summary of Selected Results of Principal Components Analysis:
Eigenvalues and Associated Percentage of Total Variance: Six Components

Principal Components

Statistic PCl PC2 PC3 PC4 PC5 PC6
Eigenvalue 12.69 2.14 1.37 .91 .90 .77
Percent var 38.5 6.5 4.2 2.7 2.7 2.3
Cum percent 38.5 45.0 49.1 51.9 54.6 56.9

In any event, consistent with the objectives noted above, successive orthogonal
(varimax) and oblique (direct oblimin) rotations of corresponding principal
components (from Table 6.1), were computed to achieve solutions involving two to
six factors. The varimax and oblimin solutions differed only with respect to
order of emergence of factors, beginning with the four-factor solution. Only the
oblimin factors are discussed in detail. As a matter of incidental interest, the
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same set of procedures was followed in conducting parallel analyses of
intercorrelations of these parcels in the "closer interval” and "longer-interval"
(between-tests) subgroups (less than 10 days vs. 19-36 months). Due to general
similarities between outcomes of analyses in the two time-interval subgroups and
analyses involving the total sample, except as otherwise indicated, only the
total-sample findings are considered in detail.

Findings

Basic outcomes of the two-, three-, four-, five-, and six-factor solutions
involving data for the total sample, are summarized in Exhibit 6a. LSAT logical
reasoning, reading comprehension and analytical reasoning parcels are denoted by

LLR, LRC, and LAR, respectively, and the corresponding GRE parcels are denoted
by GLR, GRC, and GAR.
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—
In the exhibit, patterns of coalescence and divergence of item-type parcels,
within tests as well as between tests, can be traced. Parcels coalescing to
identify factors in the respective solutions are joined by asterisks and are in

bold-face type. In the exhibit, divergence of a parcel is indicated by vertical
("|") linkage with its location in the preceding factor, and separate "boxing."

It can be seen that with each successive analysis, the additional factor
extracted is defined by a particular item type, which has diverged (split away)
from the type(s) with which it had coalesced to form the preceding factor.

Note that the initial two-factor solution involving combined GRE and LSAT
parcels, appears to be directly comparable—based on factor identification by item
types—to the respective within-test, two-factor solutions reported earlier (in
Section 3, for LSAT item-type parcels and the corresponding three GRE item-type
parcels, in Section 4).

The initial between-test divergence involves the two sets of analytical reasoning
parcels, LAR and GAR. With the extraction of three factors, LAR and GAR split
from their alliance in the two-factor solution to form separate factors, but the
between-test coalescence of reading comprehension and logical reasoning items is
sustained.

In the four-factor solution, one of the two logical reasoning sets (GLR) diverges
to form a separate factor; the second logical reasoning set (LLR) diverges from
a sustained alliance with reading comprehension to form the fifth factor.
Finally, the longest-sustained association—that involving LSAT and GRE reading
comprehension items—is disrupted as these two item types finally diverge to
identify separate factors in the six-factor model. The scenario outlined above
applies generally to outcomes of analyses involving the shorter-interval and
longer-interval subgroups, in which the primary differences had to do with
differences in "order of divergence" for particular item types in the four- and
five-factor solutions.

In evaluating the sequence of divergence outlined in the exhibit, note that the
order of between-test divergence of the item types—first analytical reasoning,
next logical reasoning, and then reading comprehension—as additional factors are
extracted is consistent with expectation based on the differences in between-test
correlations as a function of time between testing occasions (from Section 5).
That is, order of between-test divergence for the item types is exactly the
reverse of their ordering with respect to resistance to time-related attenuation.

More specifically, we saw in Section 5 that profiles of between-test correlations
involving reading comprehension subscores differed least in level, and the
exhibit shows that parcels of this item type retained their factorial allegiance
longer than did parcels of the other two types. On the other hand, after
demonstrating their basic underlying affinity by coalescing to form a single
factor in the two-factor model, the factorial alliance between GRE and LSAT
analytical parcels (GAR and LAR) was terminated with the extraction of the third
factor, consistent with the fact that differences in level of between-test
correlation were more pronounced for these item types than were corresponding
differences involving the other two item types.
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It is of incidental interest too that in the five-factor solution involving the
combined parcels, distinctions between reading comprehension item types and
logical reasoning types, as well as between these item types and analytical
reasoning emerge, short of the final decomposition into factors uniquely defined
by the six test/item-type sets. In the separate within-test analyses, these
distinctions were captured in three-factor models.

Evidence of Common Structure

Although results of the extended factorization outlined above clearly reflect the
between-test correlational effects that were identified and evaluated in Section
5, and are pertinent to overall evaluation of the data under consideration,
results of the two-factor solution are more directly pertinent to the common-
structure issue.

¢ In the two-factor solution, basic underlying structural relationships
among the three item types emerge, despite the fact that the two sets
of test observations are not concurrent—that is, the two-factor solution
involving combined LSAT and GRE parcels, tends generally to parallel the
separate within-test solutions.

The parallel nature of the findings alluded to is clearly discernible in Table
6.2, which provides detail regarding pattern coefficients for LSAT and GRE item-
type parcels on two oblique factors generated (a) in the combined-parcels
analysis and (b) in the two separate within-test analyses. Results for the LSAT
(first panel) are based on the general LSAT sample (N = 7,385), results for the
separate analysis of GRE parcels are shown in the second panel, and the third
panel shows results when LSAT and GRE parcels were combined for analysis (cf.
summary of the corresponding two-factor solution in Exhlblt 6a). The case for
"common structure”" appears to be a strong one. L
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In essence, the study findings suggest common structure for logical reasoning,
reading comprehension, and analytical reasoning item types, regardless of the
test in which they are used. The structure appears to involve two dimensions,
one represented by the item types that measure general reasoning skills that
appear to be involved in the analysis of extended discourse (logical reasoning
and reading comprehension), and the other represented by more narrowly
constrained, formal deductive aspects of reasoning such as those measured by the
analytical reasoning item type.

Study findings are summarized briefly and some of their implications are
discussed in Section 7.

SECTION 7. STUDY FINDINGS AND IMPLICATIONS:
REVIEW AND EVALUATION

The present study was undertaken to help clarify the internal structure of the
LSAT, and shed light on the classification of the ability or abilities measured
by LSAT reading comprehension, logical reasoning, and analytical reasoning item
types, using data from two regularly scheduled LSAT administrations, namely, the
June 1991, and October 1991 administrations. :

For broader perspective, the study employed data for a subsample from the same
two LSAT administrations, composed of LSAT examinees identified as_having also
taken the GRE General Test between October 1988 and December 1991. Within this
sample it was possible to conduct parallel within-test analyses involving item
types common to both tests, examine between-test correlations involving scaled
scores and specially computed item-type subscores, and ultimately to identify
factors underlying performance on parcels of items of three types that are common
to both tests, using combined LSAT and GRE data.

The study also drew on the substantial body of evidence regarding relationships
among these item types based on research in the GRE context involving GRE reading
comprehension, logical reasoning, and analytical reasoning items similar to those
used in the LSAT. These three item types have been included in all editions of
the GRE since October 1981.

To attain study objectives, a series of related analyses reported in detail in
the preceding sections, was undertaken. This section provides a brief
recapitulation of these analyses and related findings and considers several
implications of the findings.

J6
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Recapitulation

First, separate analyses were made of within-test correlations involving
primarily scores on item-type parcels in

(a) LSAT data for a general sample of LSAT examinees and data for a selected
sample composed of LSAT examinees who also took the GRE General Test, and

(b) GRE data for the selected LSAT/GRE sample.

Findings of separate exploratory within-test factor analyses based on parcels of
items of the three types common to both tests were generally parallel. In each
analysis, when two factors were extracted, logical reasoning and reading
comprehension items coalesced to form one factor, while the second factor was
identified primarily by analytical reasoning parcels.

The findings of the factor analyses suggested that these item types in both tests
measure psychometrically distinguishable aspects of reasoning ability: aspects
of general. or informal reasoning, defined by reading comprehension items and
logical reasoning items, on the one hand, and aspects of formal, deductive
reasoning, defined by analytical reasoning items, on the other.!*

Next, analyses were made of between-test correlations involving reported, scaled
scores and specially computed item-type section scores. These analyses were
designed in part to assess effects associated with the fact that the LSAT
observations and the GRE observations were collected on different testing
occasions separated by intervals ranging from less than 10 days to 36 months.
The between-test analyses included assessment of time-related effects on between-
test correlations involving the three item types common to both tests.

In these analyses, profiles of correlations involving LSAT item types and their
GRE counterparts, computed for shorter-interval (between tests) and longer-
interval subgroups (< 10 days versus 19-36 months) were found to be strikingly
similar with respect to pattern. They differed with respect to level, reflecting
attenuating effects due largely, perhaps, to influences associated with the fact
that data for the two tests were not collected concurrently and that time between
testing occasions varied substantially. Time-related differences in levels of
between-test correlations involving section-scores on the three item types, were
smaller for reading comprehension items than for logical reasoning items and,
especially, analytical reasoning items.

Results of the analysis of between-test correlations—observed and corrected for
attenuation due to the presence of measurement error—involving item types common
to both tests, were consistent with the findings of the separate within-test
factor analyses, in suggesting psychometrically distinguishable differences

“ A similar conclusion was reached by Camilli, Wang, and Fesq (1992), in a study involving data for six
forms of the LSAT administered between June 1989 and October 1990. Consistency in findings regarding LSAT
dimensionality in studies involving different samples and different methodological approaches, strengthens the
conclusion that LSAT analytical reasoning items tap aspects of reasoning ablility that are psychometrically
distinguishable from those tapped by LSAT loglcal reasoning and reading comprehension items.

7
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between aspects of general or informal reasoning measured by reading
comprehension and logical reasoning item types, on the one hand, and aspects of
formal, deductive reasoning tapped by the analytical reasoning items, on the
other.

Finally, intercorrelations involving the combined set of LSAT and GRE logical
reasoning, reading comprehension, and analytical reasoning item-type parcels from
the separate within-test analyses were analyzed. Two-, three-, four-, five-, and
six-factor models were computed and evaluated. Extended factorization was needed
to permit direct assessment of both :

(a) primary underlying structural relationships, evidenced by strong
similarities in patterns of between-test correlations involving the three item
types as well as by the parallel outcomes of within-test factor analyses, and

(b) secondary correlational trends associated with systematic differences
in levels of between-test correlations involving item-type section scores from
the two tests, that by inference can be expected to result in factorial
distinctions between correponding item-types from the respective tests with the
extraction of additional factors—distinctions reflecting time-related between-
test influences that are perhaps largely nonconstruct-related.

Results of the extended factorization clearly illuminated the between-test
influences. For example, between-test divergence of particular item-type parcels
(splitting into separate factors, after having coalesced to define a preceding
factor) occurred first for LSAT and GRE analytical reasoning items, next for the
two sets of logical reasoning parcels, and last for the two sets of reading
comprehension parcels.

This particular ordering of the item types with respect to timing of divergence,
is exactly the inverse of their ordering in terms of resistance to time-related
attenuation: that is, analytical reasoning items were least resistant, reading
comprehension items were most resistant, and logical reasoning items were in
between.

Although results of the extended factorization concerned with between-test
effects are pertinent to an overall evaluation of the data, results of the two-
factor solution involving the combined parcels are most directly illuminating for
study purposes. '

In the two-factor solution, basic underlying structural relationships among the
three item types emerged, despite the fact that the two sets of test observations
are not concurrent—that is, the two-factor solution involving combined GRE and
LSAT parcels generally paralleled the corresponding within-test solutions.

In essence, the study findings suggest common structure for LSAT and GRE logical
reasoning, reading comprehension, and analytical reasoning item types, regardless
of the test in which they are used. The structure appears to involve two
dimensions, one represented by the item types that measure general reasoning
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skills that appear to be involved in the analysis of extended discourse (logical
reasoning and reading comprehension), and the other represented by more narrowly
constrained, formal aspects of reasoning such as those measured by the analytical
reasoning item type.

As noted at the outset, if a test (such as the LSAT) employs more than one type
of item and/or different kinds of content for a given item type, the extent to
which the different types of test questions tap different aspects of a particular
ability, or in fact tap different aspects of underlying abilities, needs to be
assessed. The findings that have been reviewed represent the outcomes of one
such assessment. The findings have implications for both testing programs.

Implications

For the LSAT as presently constituted, perhaps the most central conclusion
supported by the findings is that

¢ the logical reasoning, reading comprehension, and analytical reasoning
item types included in the LSAT, have potential to generate more
information than is now being conveyed by the single LSAT scaled score.

That potential is suggested by findings indicating that (a) the LSAT item types
measure psychometrically distinguishable aspects of reasoning ability, and (b)
the attendant possibility that the information provided by item-type subscores
might prove to be useful for predictive or diagnostic purposes in the law school
admission context!®-for example, a score based on logical reasoning and reading
comprehension items and a score based on the analytical reasoning items,
consistent with the basic two-factor outcomes.

Of immediate interest are questions concerning differential validity of scores
based on item types for predicting first-year law school grades generally, grades
in particular courses or clusters of courses—for example, clusters defined by a
priori judgment as to differences in demands on types of reasoning skills tapped
by LSAT items, grades in successive years of legal education, and so on.

¥ Such a possibility, appears to have been anticipated by Wightman and Muller (1990b), in thelr study of

the comparative validity of the LSAT scaled score (on a pre-June 1989 version of the LSAT which included the
three item types in the current version) for members of different ethnic groups. This study included an
evaluation of the means of ethnic groups on Lltem-type sectlons as well as on the LSAT scaled score. "The data
do suggest important areas of further lnquiry that should be pursued. For example, minority students continue
to perform more poorly than white students not only on the predictors, but also on the criterion varlable,
first-year average. The predictor variables, especially the LSAT score need to be evaluated carefully to try
to determine whether important diagnostic information can be extracted from the scores™ (pp. 27-29, emphasis
added). 1In this study, ethnic group differences in patterns of means on Ltem-type subscores were evident. The
comparative validity of the respective subscores for predicting first-year law school grades was not at Lssue
in the study.
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. A study of the comparative validity of LSAT section scores for predicting such

criteria in general samples, and in samples defined by ethnic group membership,
age,'® gender, undergraduate major, and so on, would contribute toward
resolution of academically, psychometrically, and socially important
"differential validity" questions in the current LSAT context.

Closely related to the foregoing are questions concerning incremental validity,
especially as to whether differential weighting of item-type subscores results
in better prediction of pertinent criteria (for example, grades in successive
years of legal education), than is provided by the total scaled score which is
based on the simple sum of correct responses to test items—in general samples of
students and in subgroups defined by ethnicity, age, undergraduate major field,
and/or gender.!’

Study findings indicate that between-test correlations involving reading
comprehension subscores are less attenuated by time-related influences than are
subscores for logical reasoning and analytical reasoning~the latter being least
resistant to time-related attenuating effects. Such findings are consistent with
findings in the GRE context (for example, Wilson, 1988) indicating that
"stability coefficients" (test-retest correlations for GRE repeaters) for the GRE
analytical measure are some .10 correlation points lower than those for either
the GRE verbal measure or the GRE quantitative measure (test-retest correlations
centered around .75 for the GRE analytical ability versus .86 for the other two
measures) .

The GRE analytical measure is shorter, hence somewhat less reliable than the
other two measures. However, in the present study, the time-related differences
alluded to above emerged in both observed correlations and correlations corrected
for attenuation due to measurement error; and in the analyses involved, logical
reasoning and analytical reasoning subscores were treated separately, rather than
jointly, as in the GRE analytical ability measure.

Based on findings of the present study-in which inferences about "relative
stability" necessarily were based on between-test correlations involving
comparable item types—it seems important to make a direct assessment of the
extent to which subscores based on the three LSAT item types exhibit
"differential test-retest stability." This might be done, for example, by using
data for a sample of LSAT repeaters with differing time-intervals between test

1 Stricker (1992) examined mean discrepancies between pairs of item-type subscores on the current version
of the LSAT, by gender, age, ethnicity, English-language background, and several other variables. Mean
discrepancies between z-scaled mean on analytical reasoning, on the one hand, and reading comprehension and
logical reasoning on the other hand, were relatively marked for older examinees (27 years of age or older)--who
performed less well on the analytical reasoning subscore, and Asian Americans, and examinees reporting that they
vere not fluent in English--wvhose analytical reasoning performance was substantially better than their
performance on either logical reasoning or reading comprehension. Differences were not analyzed by
undergraduate major field.

7 See Pltcher (1976b) for a conceptually similar study, concerned in part with whether differential

weighting of the then extant section scores (Reading Comprehension, Reading Recall, Data Interpretation, and
Principles and Cases) would improve prediction, and whether it might be useful to report separate section
scores. Results for five schools indicated that the standard regression weight for Reading (combined RC and
Recall) was larger than the weight for either Data Interpretation or Principles and Cases (an item type designed
to measure the ability to reason logically, using items with legalistic content) for both men and women, but
especlally so for women.
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administrations. Questions regarding differential test-retest stability for
logical reasoning and analytical reasoning subscores appear to be equally
pertinent for the GRE context.

It is of incidental interest to note that findings of this study tend to confirm
and extend findings of GRE studies (such as those reviewed in Section 2),
suggesting that logical reasoning and analytical reasoning items measure
psychometrically distinguishable aspects of reasoning ability. The present
findings and previous GRE findings also attest in common to an underlying
affinity between logical reasoning and reading comprehension item types-both
requiring the analysis of extended discourse or general reasoning; also to
distinctions between aspects of general reasoning, on the one hand, and more
narrowly constrained, formal-deductive aspects of reasoning that appear to be
assessed by analytical reasoning items.

Study findings indicating that LSAT logical reasoning, reading comprehension, and
analytical reasoning items and their GRE counterparts have a common factor
structure, are important for both testing programs, because by inference these
findings indicate that future research involving these item types in the LSAT
context can validly draw on the findings of related GRE research in formulating
working hypotheses and evaluating LSAT research outcomes. It follows that as
LSAT research findings involving these item types accrue, the LSAT findings in
turn can usefully inform research in the GRE context.

Regarding the observed affinity between 1logical reasoning and reading
comprehension, it is pertinent to note that the version of the logical reasoning
item type considered in this study involves heavy reading comprehension
requirements. Accordingly, underlying differences between logical reasoning and
reading comprehension, if present, may be confounded by differences in reading
comprehension.

To the extent that it is possible to measure "logical reasoning" using item types
with limited reading demands, progress may be made in clarifying distinctions
between "logical reasoning" and "reading comprehension," in both LSAT and GRE
testing contexts—for example, through cooperative research projects involving
experimental item types, along lines suggested by Emmerich, Enright, Rock, and
Tucker (1991).

In reaching decisions regarding score definition and score reporting, the results
of this study involving data from both tests suggest that both testing programs
are in a position to benefit from research projects capitalizing on the common
structure that appears to underly performance on the types of items that are
common to both the Law School Admission Test and the GRE General Test.

Finally, viewed from a purely methodological perspective, based on the orderly,
interpretable outcomes of this study, the apparently novel procedures used in
pooling data across diverse test forms for the purpose of generating correlations
for analysis appear to warrant further research. As indicated earlier, these
procedures involve an assumption of statistical equivalence for parcels of items
of the same type and position in successive test forms. In addition, it was
assumed that pooling z-scores across samples would have no appreciable effect on
the resulting factor analytic structure.
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Further research is needed to evaluate these assumptions, to assess the
"statistical equivalence" of the parcels involved in this study, and to explore
the utility of alternative approaches to pooling data across different test forms
for the purpose of assessing internal construct validity and sensitivity of
results to pooling across samples. The present LSAT/GRE data-base might be used
to explore, for example, questions regarding effects of various degrees of
departure from parallelism in item-type parcels on factor outcomes.



87

REFERENCES

Camilli, G., Wang, M-m., and Fesq, J. (1992). The effects of dimensionality on
true score tables for the Law School Admission Test (LSAT Statistical

Report 92-01). Newtown, PA: Law School Admission Services.

Carlson, A. B. (1976b). Factor analysis and validity study of the Law School
Admission Test battery. Report #LSAC-70-3. In Law School Admission
Council (1976b). Reports of LSAC Sponsored Research:Volume II, 1970-74.
Princeton, NJ: Law School Admission Council.

Dorans, N. J., and Lawrence, I. M. (1987). The internal construct
validity of the SAT (ETS RR-87-35). Princeton, NJ: Educational Testing
Service. ’

Educational Testing Service (1990). GRE Information Bulletin, 1989-90.

Princeton, NJ: Educational Testing Service.

Educational Testing Service (1992). Guide to the use of the Graduate Record

Examinations Program, 1990-91. Princeton, NJ: Educational Testing
Service.

Emmerich, W., Enright, M. K., Rock, D. A., and Tucker, C. (1991). The
development, investigation, and evaluation of new item types for the GRE
Analytical Measure (GRE Board Professional Report No. 87-09P and ETS
Research Report 91-16). Princeton, NJ: Educational Testing Service.

Harman, H. H. (1976). Modern factor analysis. Chicago: University of Chicago
Press. ,

Kaiser, H. F. (1960). The application of electronic computers to factor
analysis. Educational and Psychological Measurement, 20, 141-151.

Kingston, N. M., and Dorans, N. J. (1982). The effect of the position of an item
within a test on item responding behavior: An analysis based on item
response theory. Gre Board Professional Report No. 79-12bP, ETS RR-82-22.
Princeton, NJ: Educational Testing Service.

Law School Admission Test Papers, 1945-1973. Princeton, NJ: Educational Testing
Service Archives.

Law School Admission Council (1976a). Reports of LSAC Sponsored Research: Volume
I, 1949-1969. Princeton, NJ: Law School Admission Council.

Law School Admission Council (1976b). Reports of LSAC Sponsored Research:
Volume IT, 1970-74. Princeton, NJ: Law School Admission Council.

Law School Admission Council (1977). Reports of LSAC Sponsored Research:
Volume ITI, 1975-77. Princeton, NJ: Law School Admission Council.

103



88

L,

Law School Admission Council (1982). Law School Admission Test: Sources.
Contents, and Uses. Newtown, PA: Law School Admission Services.

Law School Admission Council (1984). Reports of LSAC Sponsored Research: Vol.
IV, 1978-83. Newtown, PA: Law School Admission Services.

Law School Admission Services (1990). Law Services Information Book, 1990-91.
Newtown, PA: Law School Admission Services.

Law School Admission Services (1991). Law Services Information Book. 1990-91.
Newtown, PA: Law School Admission Services.

McPeek, W. M., Pitcher, B., & Carlson, A. B. (1976b). The predictive
effectiveness of several experimental item types and the operational item
types in the Law School Admission Test. Report #LSAC-74-1. In Law School
Admission Council, Reports of LSAC Sponsored Research: Volume II, 1970-
74. Princeton, NJ: Law School Admission Council.

Pitcher, B. (1977a). LSAT part-score validity study. Report #LSAC-74-2. In Law
School Admission Council -(1977), Reports of LSAC Sponsored Research:
Volume IT, 1970-74. Princeton, NJ: Law School Admission Council.

Pitcher, B. (1977b). Subgroups validity study. Report #LSAC-76-6. 1In Law

School Admission Council, Reports of LSAC Sponsored Research: Volume III,
1975-77. Princeton, NJ: Law School Admission Council.

Powers, D. E. (1988). A factor analytic investigation of seven experimental item
types (GRE Board Professional Report 77-1P). Princeton, NJ: Educational

Testing Service.

Powers, D. E., Swinton, S$.S., and Carlson, A. B. (1977). A factor analytical

study of the GRE Aptitude Test (GRE Board Professional Report 75-11P).
Princeton, NJ: Educational Testing Service.

Powers, D. E., and Swinton, S. S. (1981). Extending the measurement of graduate
admissions abilities beyond the verbal and quantitative domains. Applied

Psychological Measurement, 5, 141-158.

Rock, D., Bennétt, R. E., & Jirele, T. (1986). The internal construct validity
of the GRE General Test across handicapped and nonhandicapped populations
(Research Report No. 86-7). Princeton, NJ: Educational Testing Service.

Rock, D. A., Werts, C., and Grandy, J. (1982). Construct validitz of the GRE
Aptitude Test—An empirical confirmatory study (GRE 78-1P & ETS RR-81-57).

Princeton, NJ: Educational Testing Service.

Rulon, P. J. (1939). A simplified procedure for determining the reliabiiity of
a test by split-halves, Harvard Educational Review, 9, 99-103.




89

—

Schaeffer, G. A., & Kingston, N. M. (1988). Strength of the analytical factor
of the GRE test in several subgroups: A full-information factor analysis
approach (GRE Board Professional Report No. 86-7P; also ETS Research
Report 88-5). Princeton, NJ: Educational Testing Service.

Stricker, L. J., and Rock, D. A. (1985). Factor structure of the GRE General

Test for older examinees: Implications for construct validity (GRE Board
Research Report GREB No. 83-10R & ETS Research Report 85-9). Princeton,

NJ: Educational Testing Service.

Stricker, L. J., & Rock, D. A. (1987). Factor structure of the GRE General Test
in young and middle adulthood. Developmental Psychology, 23,
526-536.

Swinton, S. S., and Powers, D. E. (1980). A factor analytic study of the
restructured GRE Aptitude Test (GRE Board Professional Report 77-6P).
Princeton, NJ: Educational Testing Service.

Wilson, K. M. (1988), A study of the long-term stability of GRE General Test
Scores, Research in Higher Education, 29, 3-40.

Wilson, K. M. (1986). The relationship of scores based on GRE General Test item
types to undergraduate grades: An exploratory study for selected
subgroups (GRE Board Professional Report GREB No. 83-19P and ETS RR-86-
37). Princeton, NJ: Educational Testing Service.

Wilson, K. M. (1985). The relationship of GRE General Test item-type part scores
to undergraduate grades (GRE Board Professional Report GREB No. 81-22P &
ETS Research Report 84-38). Princeton, NJ: Educational Testing Service.

Wightman, L. F., and Muller, D. G. (1990a). Comparison of LSAT performance among
selected subgroups (Law School Admission Council Statistical Report 90- ‘
01). Newtown, PA: Law School Admission Services.

Wightman, L. F., and Muller, D. G. (1990b). An analysis of differential validity
and Differential Prediction for Black, Mexican American, Hispanic, and

White law school students (Law School Admission Council Research Report
90-03). Newtown, PA: Law School Admission Services.

105



U.S. Department of Education
Office of Educational Research and Improvement (OERI)

‘, éﬂﬁ National Library of Education (NLE) ot it
Q:-_,A Educational Resources Information Center (ERIC)

'NOTICE

Reproduction Basis

X This document is covered by a signed "Reproduction Release (Blanket)"

| form (on file within the ERIC system), encompassing all or classes of |
documents from its source organization and, therefore, does not require a
"Specific Document" Release form.

This document is Federally-funded, or carries its own permission to
reproduce, or is otherwise in the public domain and, therefore, may be
reproduced by ERIC without a signed Reproduction Release form (either
"Specific Document" or "Blanket").

O
E MC EFF-089 (1/2003)

IToxt Provided by ERI




