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reliability estimates, generalizability theory, and decision
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Thus, while inclusion of subtests or the expansion of the number of
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very high. Analyses are appended. (Contains 20 references.) (4A)

e v sle e e v 3% Ve 3t vl v e ve v 3% 3o v v v ve v v e v ve e v v v ve vl vl v v v e e ol ol v vl se o't st ot e e v oo vl e Y vl dle v de vl e dle st vt dledle e sledle st ot

%
¥

Reproductions supplied by EDRS are the best that can be made ¥

from the original document. *

e e 3¢ P T Je sk 7 e T e e v v Fe gk v v v vk o o ste vl o de gk o sl ot o e e ok o ok e o dle ok e e v ok e e e ke v o e e e de St e e Y de st de e e dlevle e vle e e




ED 366 172

AUTHORS: JAMES DEAN BROWN

AFFILIATION: UNIVERSITY OF HAWAII AT MANOA

ADDRESS:

DEPARTMENT OF ESL

UNIVERSITY OF HAWAII AT MANOA

1890 EAST-WEST ROAD

HONOLULU, HI 96322

WORK PHONE: 808-956-8610

WORK FAX: 808-956-2802

E-MAIL: brownj@uhunix.uhcc.hawaii.edu

JACQUELINE A. ROSS
AFFILIATION: EDUCATIONAL TESTING SERVICE

ADDRESS:

TOEFL PROGRAM - 36V
EDUCATIONAL TESTING SERVICE
PRINCETON, NEW JERSEY 08541
Usa

WORK PHONE: 1-609-951-1657
WORK FAX: 1-609-520-1093
E-MAIL: jar550l@ets

TITLE: DECISION DEPENDABILITY OF SUBTESTS, TESTS, AND THE

OVERALL TCEFL TEST BATTERY

FORMAT: PAPER

ook TS -8 DEPARTMENT OF EDUCATION
PERMISSION i MH-H:.UUL,]L [1) " 0 . e Besearch and improvemen
WMATERIAL HAS BEEN USAN t EDUCAHONA%&%P?ERSS%4NFOpMAHON
‘ ENTER (
- ) .
—% \(\ i )\\J (2 This document has been 'Pnloduu‘d' as
o ] S reconod trom the persan of orgamizatinn

onginating
— — - {° Minor changes have been made 16 1mprnve
. ’ repOTUTTION quiity

e 1

S m—

SOURCES ® Points 0f view Of CQInnS State in this docy
¥ . ~

10 THt £ DUCATIONAL RE ment do not necessanly ‘epresent ofti Al

-
INFORMATION CENTER T Qaic OF RI position o1 pou y d HSI cupv

AVAILAGLE

L=




DECISION DEPENDABILITY OF SUBTESTS, TESTS, AND THE OVERALL TOEFL
TEST BATTERY

James Dean Brown
University of Hawaii at Manoa

Jacqueline A. Ross
Educational Testing Service

ABSTRACT

The reliability of the TOEFL battery total scores and those
for each of the tests involved have repeatedly been shown to be
high. 1In addition, the standard error of measurement has long
been used as a means for estimating the average unreliable
variance across all scores. The purpose of this large-scale
study was to examine the reliability and dependability of the
TOEFL test battery in a number of new ways. In the process, we
wanted to investigate the relative contributions to score
dependability (which is analogous to classical theory
reliability) of various numbers of items and subtests as well as
the decision dependability at different cut points. To achieve
the above goals, four research questions were formulated. These
research questions apply not only to the overall TOEFL battery,
but also to the various tests and subtests that it includes:

1. What are the classical theory reliability estimates?

2. What are the relative contributions to error variance of
persons, items, subtests, and their interactions?

3. What is the dependability for varying numbers of items and
subtests?

4. What is the effect on score dependability of various cut-
points?

The study was based on the item responses of 20,000 test
takers from 15 different language backgrounds. The data were
collected from the May 1991 administration of the TOEFL at
foreign and domestic test centers. The first test in the TOEFL
battery is a listening test including three item types: statement
items, dialogue-based items, and minitalk items. The second test
covers two item types: structure and written expression. The
third test consists of vocabulary and reading comprehension
itens.

The analyses included descriptive statistics, classical
theory reliability estimates, generalizability theory, and
decision dependability [phi(lambda)] estimates for various cut
points. The implications are discussed in terms of the
dependability of using various combinations of TOEFL total, test,
and subtest scores, as well as the dependability of decisions
made at various cut points. Such issues are important because
high decision dependability is a precondition for attaining high
"gystemic" validity.




INTRODUCTION

Scores obtained on the Test of English as a Foreign Language
(TOEFL) are frequently used to inform decisions regarding the
readiness of nonnative speakers to pursue academic studies in
English at cclleges and universities in the United States and
Canada. As in all measurement, the reliability of the test
instrument and the dependability of decisions made on the basis
of test performance are of major concern to test developers and
test score users. The internal consistency reliability of the
TOEFL total and individual test scores has been shown to be high
(based on either a classical theory approach or an item response
theory approach), and the associated standard error of
measurement is published as a means for decision makers to
estimate the probable extent of error inherent in the test scores
(ETS, 1992, pp. 30-31).

One useful extension of the classical theory approach to
estimating the reliability of measurement was provided by with
the introduction of generalizability theory by Cronbach,
Rajaratnam, and Gleser (1963). 1In their model, reliability
"resolves into a question of the accuracy of generalization, or
generalizability" (Cronbach, Glecar, Nanda, & Rajaratnam, 1572,
p. 15), i.e., how well one can generalize from one observation to
a universe of observations. Generalizability (G) theory views
the observed score as if it were the universe score, generalizing
from the sample to the universe of interest by means of specified

estimation procedures (Shavelson & Webb, 1981, pp. 133-137).
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As Suen (1990, pp. 41-42) puts it, generalizability theory
provides a conceptual framework to assess multiple sources and
magnitudes of variation, or measurement error, within the context
of a testing situation. 1In essence, analysis of variance (ANOVA)
techniques are used to estimate components of variance associated
with the various facets of measurement in a generalizability (G-
study). The ability to examine the sources of error in a
multifaceted way provides a more comprehensive and differentiated
explanation of variance than is possible in classical reliability
theory (Shavelson & Webb, 1981, p. 133). This information can be
utilized in a decision study (D-study) wherein the results of
various measurement designs can be manipulated. Test-design and
score-use decisions can then be made that are based on a more
accurate estimation of the error inherent in such choices. 'In
turn, the dependability (analogous to reliability in classical
theory) of such decisions can also be examined. All of these G-
study and D-study techniques are amply demonstrated and
exemplified for various statistical designs in Brennan (1983).

Application of G theory to language testing situations is
discussed in Bolus, Hinofotis, and Bailey (1982) who further
iterate the usefulness of this systematic approach to the study
of measurement error. Brown (1984) applied G theory to the study
of numbers of items and passages used in measuring engineering
English reading ability in EFL situations. Then Brown and Bailey
(1984) studied the effect of numbers of raters and scoring

categories on the dependability of writing scores. More
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recently, Stansfield and Kenyon (1992) applied G theory to the

study of the effect of numbers of tests and raters on of oral
proficiency interview scores. Brown (1990, 1993) also applied G
theory to the problems of estimating score dependability in

criterion-referenced language tests.

Purpose

The purpose of this project is to explore two dimensions of
the TOEFL that have hitherto received little attention. First, a
test development policy issue will be addressed. This issue
centers on deciding how manv items and subtests to include on the
TOEFL for maximum effectiveness. Formulas like the Spearman-
Brown prophecy formula can be used to predict the effects on test
reliability of different numbers of items. But, such formulas
cannot help in determining the optimal combination of numbers of
subtests and items that ought to be included on the TOEFL.
Fortunately, generalizability theory, discussed above, is
particularly well suited to addressing this issue. While this
project was primarily designed to investigate the TOEFL test as
it exists, it is possible within the generalizability theory
framework to also include analyses that allow the results to be
generalized to future versions of the TOEFL (e.g., TOEFL 2000)
and to other test development projects around the world.

Second, while Educational Testing Service (ETS) has long
reported the standard error of measurement (SEM) for the TOEFL to
help score users make responsible decisions, there is one issue

that continues to be potentially troublesome: in general, tests




are not equally reliable for making decisions at different cut

points (for an overview see Feldt & Brennan, 1989, pp. 123-124).
Conditional SEM data provided by the TOEFL test analysis reports
indicates that the SEM is not currently the highest at the mean
of the TOEFL test. However, since the dependability of the
scores has been found to be lowest at the mean elsewhere
(Brennan, 1984, pp. 312-317), and since the dependability of the
TOEFL along the entire range of possible decisions points has not
been demonstrated, cut-point dependability seems like an
important, yet unresolved, issue. The second general goal of
this project, then, is to determine whether differences in
dependability exist at different cut points for the total TOEFL
scores (or the individual Listening Comprehension, Structure and
Written Expression, and Reading Comprehension and Vocabulary test
scores that make up the battery) and to examine the degree to
which any such differences may affect the dependability and
therefore the validity of score users' decisions.

To achieve the above goals, four research questions were
formulated. These research questions apply not only to the
overall TOEFL battery, but also to the various tests and sections
that it includes:

1. What are the classical theory reliability estimates?

2. What are the relative contributions to error variance of
persons, items, subtests, and their interactions?

3. What is the dependability for varying numbers of items and
subtests?

4. What is the effect on score dependability of various cut-
points?
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METHODS

Subjects

The subjects in this study all come from the May 1991
administration of the TOEFL. That administration included a
total of 93,960 examinees with 26,371 in the United States and
Canada and 67,589 at other test centers around the world. 1In
fall 1992, the International Testing and Training Programs Area
at ETS made available a data set (known as the "“Generic Data
Set"), which was made up of 24,500 item response records from the
May 1991 administration of the worldwide TOEFL. For the project
reported here, a total of 20,000 students were randomly selected
(from the 24,500 records in the generic data set) for convenience
in analyzing the results.

Of the 20,000 subjects in this study 59.6 percent were male
and 40.4 were female. They were involved in both domestic
(26.2%) and foreign (73.8%) administrations of the TOEFL. They
reported themselves to be from a total of 144 different countries
including Brazil (2.1%), Cyprus (2.8%), France (6.0%), Germany
(4.7%), Greece (3.7%), India (4.3%), Indonesia (8.2%), Japan
(8.2%), Jordan (1.6%), Republic of Korea (8.1%), Lebanon (1.2%),
Malaysia (4.2%), Mexice (1.3%), Pakistan (3.7%), People's
Republic of China (5.1%), Saudi Arabia (1.2%), Spain (1.9%),
Switzerland (1.1%), Taiwan (2.3%), Thailand (8.3%), Turkey
(5.7%), and 123 other countries with one percent or less each
(13.3%).

In terms of language background, the subjects reported




themselves as being speakers of Arabic (8.3%), Chinese (8.0%),
French (8.0%), German (6.2%), Greek (6.2%), Indonesian (8.2%),
Japanese (8.2%), Korean (8.2%), Malay (4.1%), Portuguese (4.1%),
Spanish (8.1%), Telugu (4.0%), Thai (8.3%), Turkish (6.1%), and
Urdu (4.1%).

Their reasons for taking the TOEFL varied too, as follows:
for undergraduate studies (37.0%), for graduate studies (46.2%),
for another type of school (2.0%), for a license (1.8%), for a

company (8.5%), other (3.5%), and no reason given (1.0%).

Materials

As pointed out in ETS publications (e.g., ETS, 1992, 1993),
the TOEFL test battery consists of three separately timed tests
in multiple-choice format with four answer options for each test
guest ion printed in a test book. All responses are gridded on
answer sheets that are later computer scored.

The first test, Listening Comprehension (LC Test), is
designed to measure the ability to understand spoken English.
The first part (LCl) requires the examinees to listen to a short
sentence and to choos:: the option that is closest to it in
meaning. The second part (LC2) consists of short conversations
between two people, followed by a spoken question. The examinee
decides which option best answers the question. Part 3 (LC3)
presents several short talks and extended conversations about a
variety of subjects, and requires the examinees to respond to
oral questions about what they heard.

The second test, Structure and Written Expression (SWE
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Test), is designed to measure the ability to recognize selected
points of English structure. In the first part of this test
(SWE1l), the examinee reads an incomplete sentence and must choose
the word or phrase that best completes it. 1In the second part
(SWE2), several words or phrases are underlined in a sentence,
and the examinees must choose the underlined segment that is not
an acceptable English usage.

The third test, Vocabulary and Reading Comprehension (VRC
Test), was designed to test the ability to understand the meaning
and use of words as well as the ability to comprehend a variety
of reading materials. The first part (VRC1l) of this test
contains vocabulary items wherein a word or phrase is underlined
in a sentence and the examinee must select a word or phrase that
could be substituted and still preserve the original meaning of
the sentence. In the second part (VRC2), the examinee reads a
number of short passages on a variety of academic subjects and
must answer guestions based on what is stated or implied in the

passage.

Procedures

The TOEFL being used here was administered under standard
conditions in May 1991. Strict admission procedures were
followed, and, during the test, examinees were not allowed to
have anything other than the testing materials on their desks.
They were not permitted to take notes or make marks of any kind
in their test books. Nor were they permitted to work on any

section of the test before or after time was called.
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After the administration, answer sheets were returned to
Educational Testing Service (ETS) for scoring. The raw scores
for each Test are the number of questions answered correctly.
There is no penalty for guessing. Raw scores are then converted

to standardized scales based on the three-parameter item response

theory model (T scores for the individual tests and CEEB scores
for the battery as a whole). These scaled scores are reported to
the examinees and to institutions that the examimees have

selected to receive scores.

Analyses
The analyses in this project began with descriptive
statistics and classical theory reliability estimates (split-half

adjusted, Guttman, and Cronbach alpha) to provide background and

a context for interpreting the generalizability studies (G-
studies) and decision studies (D-studies) .
[INSERT ¥FIGURE 1 ABOUT HERE]
Five G-studies were conducted based on the overall structure

of the TOEFL shown in Figure 1. The first G-study investigated

the effects on the Total TOEFL battery scores dependability of
numbers of items (items facet) and nunmbers of test types
(subtests facet based on the Listening Comprehension, Structure
and Written Expression, and Reading Comprehension and Vocabulary
tests) as shown in Figure 2A. The second, third, and fourth G-
studies considered the effects on total test scores for the
Listening Comprehension Test (LC Test), Structure and Written

Expression Test (SWE Test), and Reading Ccemprehension and
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Vocabulary Test (VRC Test) of rumbers of items and subtests (made
up of different item types) on those tests as shown in Figures 2B
through 2D. The fifth G-study focused on the Reading
Comprehension section (VRC2) of the VRC Test. 1In this case, the
effects of numbers of items and subtests (passages P1-P5) was
investigated as shown in Figure 2E.

[INSERT FIGURES 2A-2E ABOUT HERE]

All of these G-studies were very similar in structure. 1In
all cases, and analysis of variance (ANOVA) procedures were run
using all 20,000 subjects for a persons by items nested within
subtests design, or p x (i:s). The result in all cases was a two
facet design with items and subtests as the facets. Random
effects models were used in the ANOVAs so that the results would
be generalizable to the development of the TOEFL 2000 project as
well as to other test development projects around the world.
However, in some places mixed model ANOVAs with fixed effects for
the subtest facet were also used so that the results for the
current configuration of the TOEFL could be examined.

In the random effects model, it is assumed that persons,
items, and subtests were randomly selected from the universes of
all possible persons, items, and subtests. Shavelson and Webb
(1981) argued that random effects models are reasonable if one
can take an exchangeability perspective:

Viewed from the exchangeability perspective, the issue of
fixed or random effects is not whether one can catalog (etc.)
all possible members of a population but whether the members

are exchangeable with other potential members. In terms of
sampling, if one set of persons and items to which p2

-
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generalizability coefficient...is generalizable is the set of
such persons and items jointly exchangeakle with the present
sample, it is reasonable to consider the item facet random.
The concept of exchangeability, at the minimum, provides
reasonable grounds for rconsidering whether a facet is random
or fixed.

Thus for those results in this paper that are based on a random
effects model, random selection of items and subtests is assumed,
while, for those results based on a mixed model (with fixed
effects for subtests), no such assumption is made for the
subtests facet.

Based on the mean squares obtained in the random effects
model ANOVA procedures, variance components were estimated (as
will be demonstrated in the RESUL1S section). Interpreting these
variance components helped in understanding the relative
contribution of persons to the true score variance, as well as
the contributions of items and subtests to the error variance.

Five parallel D-studies followed the G-studies. 1In these D-
studies, the variance components found in the G-studies were used
to calculate statistics that can be directly interpreted in
making decisions. Two types of error were considered: a) lower-
case delta error (8) for relative decisions (i.e., norm-
referenced decisions), and b) upper-case delta error (A) for
absolute decisions (i.e., criterion-referenced). All relevant D-
study statistics are reported in the RESULTS section for the
combination of items and tests under investigation in this
project. 1In addition, G coefficients (based on lower case delta)

are repnorted for various numbers of items and subtests so that
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the reader can directly observe the effect on dependability of
these two facets in various combinations of numbers of items and
subtests.

The last step in each D-study was to calculate a squared-
error loss agreement coefficient known as the phi(lambda), or
®(N\), at various cut points from 10 percent to 90 percent. These
analyses illustrate the effect of various cut points on decision
dependability. Phi(lambda) coefficients were calculated for both
a random effects model (to provide generalizability of results to
other tests) and a mixed model with fixed effects for subtests
(to provide estimates for the TOEFL as it existed in this study).

RESULTS

The results ¢f this project will be discussed in the
following stages with commensurate section headings: a)
descriptive statistics for each of the five generalizability
studies will be provided for background; b) classical theory
reliability estimates will be presented for later comparison with
the G-theory results; c) the variance components for the five G-
studies will be presented and compared; d) the five parallel D-
study results will be presented along with G coefficients for
various numbers of items and subtests; and finally, e) threshold-
loss agreement coefficients will be given for different cut

points within each of the D-studies.

Descriptive Statistics

The descriptive statistics for the raw scores involved in
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each of the five generalizability studies are reported in Table
1. According to the labels across the top of the table, the
mean, standard deviation (SD), and number of items (k) are given
for the original test and for the G-study sampling. The original
test includes the subtests and numbers of items just as they were
administered. The G-study sampling results are based on the
random samples that were taken from the original test to create
balanced subtests (each containing the same number of items) for
the generalizability studies.

[INSERT TABLE 1 ABOUT HERE]

The first G-study was on the effects of items and tests on
the dependability of Total TOEFL battery scores. Thus
descriptive statistics are given for the Total TOEFL and each of
the tests which contribute to that total score: Listening
Comprehension (LC Test), Structure and Written Expression (SWE
Test), and Reading Comprehension and Vocabulary (VRC Test).
Notice that the original TOEFL had a total of 146 items and that
the original LC, SWE, and VRC tests had 50, 38, and 58 items,
respectively. In order to create a balanced design, two of the
tests had to be reduced in number of items to match the smallest
of the tests. To achieve this, 38 items were randomly selected
from the LC and VRC tests to match the existing 38 items in the
SWE Test. As a result, in the first G-study, all three Tests
were analyzed as 3% item tests with a TOEFL total of 114 items.

The second G-study was focused on the effects of items and

subtests on the dependability of LC Test scores. Thus

[
N
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descriptive statistics are given in Table 1 for the whole LC Test
and each of the subtests which contribute to the LC Test scores:
Lcl, LC2, and LC3. Notice that the original LC Test had a total
of 50 ifems and that the original LC1, LC2, and LC3 sections had
20, 15, and 15 items, respectively. 1In order to create a
balanced design, the longer section had to be reduced in number
of items to match the other two sections. To achieve this, 15
items were randomly selected from the LC1 to match the existing
15 items in both the LC2 and LC3 sections. As a result, in the
second G-study, all three sections were analyzed as 15 item
subtests with an LC Test total of 45 items.

The third G-study was on the effects of items and subtests
on the dependability of SWE Test scores. Thus descriptive
statistics are given for the whole SWE Test and each of the two
sections which contribute to the SWE Test scores: SWEl and SWE2.
Notice that the original SWE Test had a total of 38 items and
that the original SWEl and SWE2 sections had 14 and 24 items,
respectively. In order to create a balanced design, 14 items
were randomly selected from the SWE2 section to match the
existing 14 items in the SWEl section. As a result, in the third
G-study, the two sections were analyzed as 14 item subtests with
a SWE Test total of 28 items.

The fourth G-study was on the effects of items and subtests
on the deprendability of VRC Test scores. Thus descriptive
statistics are given for the whole VRC Test and each of the two

sections which contribute to the VRC Test scores: Vocabulary and
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Reading Comprehension. Notice that the original VRC Test had a
total of 58 items and, since each of the sections had 29 items,
it was already balanced. Thus no modifications were necessary in
preparing it for the fourth G-study.

The fifth G-study was on the effects of items and passages
within the Reading Comprehension section (VRC2) on the
dependability of VRC2 section scores. Thus descriptive
statistics are given for the whole VRC2 section and the items
associated with each of the passages which contributed to the
VRC2 section scores: Passages 1 to 5. Notice that the original
VRC2 section had a total of 29 items and that the original
passages had 7, 5, 7, 6, and 4 items associated with themn,
respectively. In order to create a balanced design, the passages
with larger numbers of items had to have the number of items
reduced to match the shortest passage (i.e., Passage 5 with four
items). To achieve this, four items were randomly selected from
those associated with each of the larger passages. As a result,
in the fifth G-study, all five passages were analyzed as four

item sections with a VRC2 section total of 20 items.

Classical Theory Reliability

Classical theory reliability estimates are presented in
Table 2. For ease of interpretation, Table 2 is organized in the
same general manner as Table 1. The first classical theory
reliability estimate given is the split-half correlation adjusted
by the Spearman-Brown prophecy formula. Then the Guttman

reliability is given followed by the Cronbach alpha coefficient.

1
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Notice that the first two estimates are consistently lower than
the Cronbach alpha coefficients. Since theory indicates that the
first two are more likely to be underestimates, the single best
estimate is the Cronbach alpha. These estimates are given for
the Original Tests and the G-study Samplings (along with the
numkers of items, or k) so that the effect of the reductions in
test length on classical thecry reliability can readily be seen.
[INSERT TABLE 2 ABOUT HERE]
Variance Components

Based on ANOVA procedures (shown in Appendix A), G theory
allowed for estimation of the relative contributions of persons,
items, and subtests in terms of variance components. For
example, for the first G-study of the Total TOEFL Battery, which
was a p ¥ (i:s) design (like all of the others), the ANOVA
results are shown in Table 3.

[INSERT TABLE 3 ABOUT HERE]

Based on the variance components that make up the estimated
mean squares (EMS) as shown in Brennan (1983) or Kirk (1968), the
variance compcnents for persons as well as for the items and
subtests facets were isolated from the observed mean squares
(MS). The EMS shown in Table 3 were used systematically to
derive the variance components in a step-by-step manner. First,
because the estimated variance component for the interaction of
persons and items nested within subtests, or ¢2(pi:s), is equal
to the MS(pi:s) for that interaction, .16180465 in this case,

that variance component is easy to isolate. Formulaically, this

0
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process can be summarized as follows:
02 (pi:s) = MS(pi:s)

Second, because, as is shown in Table 3, it is known that
the EMS for the ps interaction = 02 (pi:s) + n;02(ps), the
estimated variance component for this interaction, ¢2(ps), could
be isolated by subtracting the MS(pi:s) from the MS(ps), and
dividing the result by the number of items, n;, in each subtest
{i.e., (.43545427 -.16180465)/38 in this case]. Formulaically:

62 (ps) = [MS(ps) - MS(pi:s)]/n;

Third, fourth, and fifth, using the known mathematical
relationships shown in Table 3, the other three variance
components in this design could then be calculated by using the
following formulas:

62 (p) = [MS(p) - MS(ps)]/nin,
02 (i:s) = [MS(i:s) - MS(pi:s)]/n,
02 (s) = [MS(s) ~ MS(i:s) - MS(ps) + MS(pi:s)]/nyn;

Note that the calculations in this example were based on MS
values that have been rounded to eight places. Because the
resulting variance components are often very small values, it was
essential that nothing be rounded any more than was necessary
until the final result was obtained.

[INSERT TABLE 4 ABOUT HERE]

The variance components for each of the G-studies in this
project (all calculated in similar manner) are shown in Table 4.
Notice that the five G-studies are labeled across the top as

columns and that the sources of variance (p, s, i:s, ps, and

Y
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pi:s) are labeled at the left as rows. The totals in the last
row represent the sums of the variance components isolated in

each study.

D-Study Results and Generalizability Coefficients

Summaries of the statistics found in the five D-studies are
presented in Takle 5. Notice that each D-study is presented in a
separate column as labeled across the top of the table. The rows
represent each of the statistics. First, the number of subtests
(n,) is given, then the number of items per subtest (n;), then
the total number of items (when the number of subtests is
multiplied times the number of items per subtest). Then the
sstimated variance components (adjusted for the number of items
and subtests in the particular D-study) are given for p, s, i:s,
and their interactions. Notice that the variance components for
p are the same as those reported in Table 4, while the variance
components for s, i:s, and their interactions are different in
the two tables because those in Table 5 have been adjusted for
the numbers of items or subtests in the particular D-study design
(after Brennar, 1983). In the next row, the mean proportion
scores (X,) are given. These means are simply the average of
each persons proportion score, which is calculated by dividing
the number of correct responses by the number of items (but not
moving the decimal two places to the right as would be done in
calculating a percent score).

[INSERT TABLE 5 ABOUT HERE]

Next, statistics are given for a random effects model. The
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randon effects model estimates allow generalization of the
results to other tests as discussed above. The statistics for
this model include 62 (7), which is just another expression of

62 (p). 'The upper-case delta error term, 62(§), (for relative
decisions, i.e., norm-referenced interpretations) and the lower-
case delta error term, 62 (A) (for absolute decisions, i.e.,
criterion-referenced or domain refererced interpretations) are
also given. Then the expected observed score variance, E¢2Z (X),
and error variance associated with the grand mean, 62(X), are
presented. All of these statistics were used in calculating the
generalizability coefficients for lower-case delta (norm-
referenced) error, Ep2(§), in the S/N ratios reported in this
table, or in the phi(lambda) coefficients reported in the next
section.

The G-coefficients, Ep2(§) that are presented in Table 5 are
analogous in interpretation to reliability coefficients. They
are calculated by forming a ratio of the persons variance
component for the particular number of subtests and items in the
G-study over the same persons variance plus the appropriate error
term. Thus G-coefficients for relative decisions would use §

error as follows:

02 (1) 02 (p)
Epz(§) = =
62(1) + 62(6) 02 (p) + 62($§)

Similarly, G-coefficients for absolute decisions would use A

q‘.
& &




error as follows:

07 (1) 67 (p)
Ep? (8) = =

02 (1) + 62 (A) g2 (p) + 02(A)

The last statistic presented in the Random Effects part of
Table 5 is the signal to noise ratio (S/N). This statistic can
be interpreted as the ratio of systematic variance to random
error (Brennan & Kane, 1977), or, as Cronbach and Gleser (1964:
468) put it in an earlier discussion of communications systems,
the "signal to noise ratio compares the strength of the
transmission to the strength of the interference."

At the bottom of the table, the same statistics are
presented for a mixed effects model (with subtests as a fixed
effect). These results can only be generalized to the TOEFL
battery as it was structured and studied here.

Notice that, as would be expected, the generalizability (or
G) coefficients [Ep2(§))] for the mixed model are very similar to
the Cronbach alpha values reported in Table 2 for the G-study
sampling (.9584, .9077, .8686, .9326, and .8280, respectively).
In addition, probably because of differences in numbers of items,
these G-coefficients are slightly lower than the corresponding
Cronbach alpha values reported in Table 2 for the Original test
(.9667, .9178, .9016, .9326, and .8769, respectively).

Naturally, the G-coefficients for the random effects model
are more conservative than those for the mixed model because the
random effects statistics can be generalized beyond the items and

subtests of the current TOEFL to other batteries and tests.
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Tables 6 to 10 were created by expanding this random effects G-
coefficient information. Each of these tables corresponds to one
of the D-studies in this project and gives the coefficients that
would arise from different numbers of items and subtests.

[INSERT TABLE 6 ABCUT HERE]

For instance, Table 6 is for the Total TOEFL battery and
shows that the G-coefficient for 3 subtests with 38 items each
(see the point where the 38th row and third column of
coefficients intersect) is .892 which is equivalent (though
rounded) to the random effects model G-coefficient of .8916
reported in Table 5. Notice in the bottom left corner of the
table that the battery configured with the same 114 items but in
one subtest instead of three is estimated to be dependable at
.785, with two subtests of 57 (total 114), it is predicted to be
.862 and, with three subtests of 38 (as shown at the top of this
paragraph), it would be .892. Thus the effects of having the
items divided up into smaller and smaller subtests are
demonstrated.

Clearly, there is considerable dependability gained from
having the TOEFL battery made up of three different subtests
rather than of one long, homogeneous test. In other words, there
is an increase in dependability due to increases in the number of
subtests involved while holding the number of items constant.
Moreover, these incfeases are above and beyond predictions that
could be made by using formulas like the Spearman-Brown prophecy

formula used in classical theory reliability studies.
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Table 6 also allows for considering other potential
combinations of numbers of items and subtests as part of the D-
study to help in deciding what is the optimal number of items and
subtests to include in future versions of this and other tests.
For instance, by looking at the point where six subtests
intersects with 19 items (also for a total of 114 items), the
table reveals that a G-coefficient of .923 is predicted.

However, for actual policy decisions, factors other than
dependability must come into play. For instance, 100 tests with
seven items each are predicted to be dependable at .99, but such
a 700 item test is not practical even though the dependability
would be near perfect. Thus these dependability estimates for
various numbers of items 'and subtests are meant to provide one
piece of information among the many types of information that
must be considered in making test development decisions.

[INSERT TABLE 7 ABOUT HERE]

Turning to Table 7 for the LC Test, notice that a single 45
item test would be dependable at .882, while a similar 45 item
test based on three subtests of 15 items each would only be
slightly more dependable at .899, and a 45 item test based on
five subtests of nine items each would only gain .004 points at
.903. Thus the pay off in terms of gains in dependability due to
increases in the number of subtests (while items are held
constant) appear to be minimal for the LC Test.

[INSERT TABLE 8 ABOUT HERE]

Similarly, in Table 8 for the SWE Test, a 28 item test with
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only one subtest would be dependable at .836, while a similar 28
item test based on two subtests of 14 items each would only be
slightly more dependable at .851, four subtests of seven items
each would énly be .859, seven subtest of four items each would
only be .862, and fourteen subtests of two items each would be
.865. In short, there is not nearly as much to gain by dividing
the SWE Test into subtests -- certainly not beyond two subtests
-- as there was in the Total TOEFL battery.
[INSERT TABLE 9 ABOUT HERE]

Table 9 for the VRC Test is somewhat different. The table
seems to indicate that considerable dependability is gained by
splitting the 58 items into two subtests, i.e., the one-subtest,
58-item dependability is .858, while the two-subtests version (of
29 items each) dependability is considerably higher at .893.
However, a three-subtests version (of 20 items each) would only
increase to .907 even though it is two items longer, and a four-
subtests version (of 15 items each) would only increase further
to .914. Thus, like the SWE Test results, it appears that the
present two-subtest version of the VRC Test may include as many
subtests as are necessary and practical.

[INSERT TABLE 10 ABOUT HERE]

Table 10 for the VRC2 section is more like the Total TOEFL
in terms of the impact of subtests cn dependability. For
instance, the one-subtest, 20-item dependability is .650, while
the two-subtest version (with 10 items each) is considerably

higher at .729, and the four-subtest version (with 5 items each)
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climbs to .776. Thus differences in the numbers of passages

involved in VRC2 section appear to be relatively important to its

overall dependability.

More D-study Results: Phi(lambda) Dependability Coefficients

Threshold loss agreement coefficients focus on the degree to
which classifications in clear-cut categories have been
consistent. Since it is known that such dependability may vary
at different cut points (Brennan 1980, 1984) and since TOEFL is
widely used as an admissions tool for admit/no-admit decisions
(though at different cut points), one of the research questions
in this study was the degree to which the dependability of TOEFL
changes over the range of possible cut points.

[INSERT TABLE 11 ABOUT HERE]

Table 11 gives the Phi(lambda), or &(A), coefficients for

various cut points (in percentage terms). In all cases, these

coefficients are based on the p x i:s design and (A) error (as

suggested by Brennan, 1984) and are therefore more conservative
than the (§) error estimates would have been. Notice that such
coefficients are reported for both random effects models and
mixed models (with subtests as a fixed effects facet). 1In each
set, the lowest value reported was that for a cut point at the
mean. Hence the &(\) values for the cut point at the mean &(X)
are reported below all of the others in each type of model and

the mean percentages (upon which the ¢®(A) values are based) are

given for reference.
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To interpret this table, it is first necessary to decide
whether it is results thal are generalizable to other tests that
are of interest (Random Effects Model), or results that pertain
only to the present TOEFL items and subtests that are of interest
(Mixed Effects Model). Consider the Mixed Effects Model for the
present TOEFL battery as a whole presented in the bottom half of
the first column. Notice that &(A) coefficients are presented
for decisions made at 10%, 20%, etc. up to 90%. Notice further
that the lowest of these is .957 at the 70% cut point. It turns
out here and in the other columns that the lowest value will be
that closest to the mean. In faclt, decisions made at the mean
will generally turn out to be the least dependable. Hence, the
$(A) at the mean is presentea along with that mean in the last
two rows of both the upper and lower portions of Table 11.

DISCUSSION

In interpreting the above results, it is important to
remember that most of the dependability estimates (i.e., all
except those found in the VRC Test analyses in Study Four) are
based on fewer items than actually used in the tests because it
was necessary to design the various studies so that there would
be equal numbers of items on each subtest. Since shorter tests
tend to be less reliable, the effect of these reduced numbers of
items (if there is any) would be to provide low estimates of
dependability. As a result, it is reasonable to interpret the
results as conservative underestimates of the true state of

affairs. In other words, if the dependability estimates are in
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error, they will err on the low side and should not provide
overestimates of the dependability of these measures.

The remainder of this discussion will directly address the
original research questions posed at the outset of this project.
To help organize the discussion, the research questions will be
used as headings.

What are the classical theory reliability estimates?

As reported elsewhere in the literature, the Total TOEFL
battery and its component tests -- the LC Test, SWE Test, and VRC
Test -- proved to be very reliable from a classical theory
perspective. The results in Table 2 indicate that these tests in
their existing form (labeled Original Test in the table) were
reliable at .97, .92, .90, and .93, respectively, using Cronbach
alpha. Predictably, the VRC2 section, which was only a portion
of the VRC Test, was less reliable at .8769 than the tests and
battery considered above because it is considerably shorter than
they are. For the sake of comparison, Table 2 also presents the
classical theory estimates for the items used in the G-study
sampling (done to create balanced designs). These Cronbach zlpha
estimates later turned out to be comparable to the G-coefficients
(for § error) for the mixed models as would be expected.

What are the relative contributions to error variance of persons,
items, subtests, and their interactions?

Examining the variance components shown in Table 4 for the
five G-studies in terms of their relative‘magnitude reveals the

relative contributions of persons, subtests, and items nested
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within subtests, as well as their interactions. For instance
from inspection of the variance components themselves, it is
clear that the lion's share of variance in all of these studies
is taken up by persons and those interactions involving persons.
This is as it should be because the purpose of a norm-referenced
test is to differentiate among persons. However, it should be
noted that the variance component for the persons by subtests
interaction is far smaller than that for the persons by items
nested within subtests interaction -- though the persons by
cubtests interaction is fairly high in Study Five. It is also
true in all cases that the variance component due to items nested
within subtests is far larger than the component for subtests.
Particularly in Study Two (LC Test) and Study Three (SWE Test),
the subtests variance component is very small. The subtests
component is somewhat larger in Study Four (VRC Test). However,
in Study One (Total TOEFL), the variance component for subtests
is, much more important, amounting to about one-twelfth of the
persons component and about one-quarter of the items nested
within subtests component. In Study Five (VRC2), the subtests
variance component is even more important since it is almost one-
fifth as large as the persons component and almost equal in
magnitude to the items nested within subtests component. These

observations will be further illuminated in the next section.

what is the dependability for varying numbers of items and
subtests?

Tables 6 to 10 provided a multitude of direct answers to
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this research question. In all cases, the subtests facet was
shown to have some influence on the predicted dependability
indices as indicated by the fact that in no D-study was the
dependability the same for one subtest and more than one subtest
with the number of items hel!d constant. In other words, in all
cases the dependability was enhanced by having an increased
number of subtests even though the number of items was kept the
same.

However, a pattern emerged in examining the results across
tables which was consistent with the variance component findings
in the previous section. The influence of subtests was greatest
in the Studies One (Total TOEFL) and Five (VRC2), and to a lesser
degree in Study Four (VRC Test). In considering the Total TOEFL
results, it might at first glance appear that the affect would be
larger here than in the other studies because the length of the
subtests themselves were longer at 38 items each than in any of
the other studies. However, this reasoning is contradicted by
the fact that an even larger effect for subtests was found in the
VRC2 results, which was based on four items in each subtest --
the smallest number of items per subtest reported in any of the
D-studies in this project.

It should be noted that Studies One and Five were quite
different from each other in structure. The. relatively large
differences in dependability due to subtests in Study One were
due to differences between tests (i.e., the LC Test, SWE Test,

and VRC Test), while those observed for Study Five were due to

.
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differences between reading passages (i.e., Passages 1 to 5).

What is the effect on score dependability of various cut-points?

The results shown in Table 11 for D-studies One, Two, and
Four indicate that, for the existing (i.e., using a Mixed Effects
Model) Total TOEFL battery, LC Test and VRC Test, the
dependability of decisions is not greatly different at various
cut points, and in any case, at the lowest point they are
acceptably dependable (at .957, .904, and .928, respectively).
The third D-study indicates that the dependability at the mean is
more markedly different at .861 from the dependabilities at other
cut points. Thus, though .861 is not problematic dependability,
it would be most responsible to apply additional caution in
interpreting decisions on the SWE test that are at or near the
mean (approximately 50 on the standardized scores). [It is also
important to note that the .861 found here is probably an
underestimate of the existing state of affairs because it is
based on two subtests of 14 items while the original subtest was
based on 2 subtests of 14 and 24 items.] In short, decisions
based on the current TOEFL battery and individual tests of the
TOEFL can still be considered dependable even if those decisions
are made right at the mean score (of approximately 500 for the
battery or approximately 50 for the separate tests).

In the upper portion of Table 11, the Random Effects Model
results turned out to be more conservative than the Mixed Effects
results, showing both lower dependability in general and a more

marked decline in the dependability at and near the mean. Recall
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that this difference was expected due to the fact that these

results are generalizable to other test development projects.
CONCLUSION

Test Dependability

The effects on dependability of different numbers of
subtests and items (based on the random effects model) are shown
in Table 4 as variance components and in Tables 6 through 10 as
G-coefficients. One pattern that emerged is that the effect of
having multiple tests (i.e., the subtest facet) on the Total
TOEFL battery seems to have a strong beneficial effect on the
dependability of scores for the Total battery. In other words,
including component tests like the LC Test, SWE Test, and VRC
Test in the Total TOEFL battery has proven to be a sound policy
decision from the dependability perspective. 1In addition, based
on Table 6, further policy decisions can be made about the
relative merits of adding further items and/or component tests or
cutting down on their numbers.

Similarly, the effect of having multiple passages (the
subtest facet) in the VRC2 section seems to have a positive
advantageous effect on the dependability of scores for the VRC2
section. To some degree, the effect of having both the reading
comprehension and vocabulary subtests on the VRC Test also
appears to have a beneficial effect on the dependability of this
test -- though the strong increases in dependability do not
appear to extend beyond two such subtests. In contrast, the

individual subtests within the LC Test and SWE Test, while they
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do make some difference, appear to have less impact on the
dependability of the scores on these tests.

It is possible that in G-studies one, four and five, where
the subtests facet did have an important impact, the subtests
involved were significantly different from each other and thus
contributed to the overall variance on the test above and beyond
the contribution made by items. 1In contrast, in G-studies two
and three, the subtests involved may be testing very much the
same things.

In terms of developing future versions of the TOEFL
(including TOEFL 2000) and other test development projects around
the world, recall that the results presented in Tables 4, and 6-—
10 were for random effects models and that they were therefore
generalizable to other versions of the test and other testing
projects. 1In short, the analyses in this project indicate that
subtests can make substantial contributions to the variance of
test scores and thus may affect dependability in important ways.
However, these results also make it clear that, in some cases,
subtests may have a negligible impact on dependability. Thus,
while inclusion of subtests or the expansion of the number of
subtests on a test may have a substantial beneficial effect on
the dependability of the scores on that test, this relationship

cannot be taken as a forgone conclusion.

Decision Dependability and Validity
The results of this study are also related to the notions of

decision dependability and validity. At the beginning of this
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paper, corncern was expressed about the possibility that test
scores may not be equally reliable for making decisions at
different cut points in the score range. Since the dependability
of a test is often lowest at the mean and since many decisions
are made at or near the mean on TOEFL, this was a legitimate
concern. Portions of this project were therefore designed to
examine the degree to which these differences may affect the
dependability and therefore the validity of score users'
decisions. The lower portion of Table 11, which reports the &(A)
coefficients when a mixed effects model is applied, indicates
that on the present TOEFL the lowest dependabilities along the
range are still very high. Thus, while it initially seemed Jike
a potential problem for score users, there appears to be no need
to worry about differential dependability at different cut points
on the existing test. 1In other words, regardless of the cut
point that current TOEFL score users may decide to be valid for
their own reasons, the effect on dependability of various cut
points is apparently not an issue of great concern. In
addition, ETS is currently implementing automated item selection
procedures to assemble TOEFL tests which will help to insure that
each section will provide high information (or low error
variance) at the middle ability range. Naturally, any such
validity decisions should be also studied in the actual
context(s) in which the decisions are to be made.

In terms of future versions of the TOEFL and other testing

projects around the world, the upper portion of Table 11, which
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reports the & (A) coefficients when a random effects model is
applied, indicates that there may be more variation in
dependability estimates across the range of possible decision
points. Thus, while such differential dependability is
apparently not a problem on the current TOEFL, it is an issue
that should continue to concern developers of other tests and

future versions of the TOEFL.

Future Research

In the course of conducting this project, a number of
questions have occurred to us. They are presented here in the
hope that they will be investigated in the future:

1. Would similar results be obtained if these studies were
replicated with other TOEFL data sets?

2. Would similar results be obtained if such studies were
replicated using other tests as the basis?

3. What could generalizability theory tell us about the

effects of raters on the scores of the Test of Written
English?

4., What could generalizability theory tell us about the
effects of items and raters on the scores of the Test of
Spoken English?

5. What could be learned about the TOEFL battery and other
tests by applying classical theory approaches to decision
reliability/dependability at different cut points (for an
overview of these approaches, see Feldt & Brennan, 1989,
pp. 123-124)7
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TABLE 1:

DESCRIPTIVE STATISTICS

STUDY
BATTERY
TEST
SUBTEST ORIGINAL TEST G-STUDY SAMPLING
PASSAGE MEAN STD k MEAN STD k
STUDY ONE
TOTAL TOEFL 99.6788 27.2798 146 78.9712 21.3691 114
LC TEST 21.1660 10.5508 50 24.0095 8.1238 38
SWE TEST 27.5541 7.6467 38 27.5541 7.6467 38
VRC TEST 40.9588 11.6409 58 27.4077 7.7959 38
STUDY TWO
LC TEST 31.1660 10.5508 50 27.7185 9.5038 45
LCl 12.6897 4.6491 20 9.2422 3.5805 15
Lc2 9.5017 3.3634 15 9.5017 3.3634 15
LC3 8.9746 3.4902 15 8.9746 3.4902 15
STUDY THREE
SWE TEST 27.5541 7.6467 38 20.4521 5.6912 28
SWE1l 10.5301 2.9676 14 10.5301 2.9676 14
SWE2 17.0240 5.1066 24 9.9220 3.1298 14
STUDY FOUR
VRC TEST 40.9588 11.6609 58 40.9588 11.6609 58
VRC1 20.5785 6.2482 29 20.5785 6.2482 29
VRC2 20.3804 6.0880 29 20.3804 6.0880 29
STUDY FIVE
VRC2 20.3804 6.0880 29 13.8102 4.3375 20
PASSAGE 1 5.5312 1.5248 7 3.1075 0.9972 4
PASSAGE 2 3.9047 1.2311 5 3.0894 1.0408 4
PASSAGE 3 4.4653 2.0514 7 2.5816 1.2644 4
PASSAGE 4 4.2770 1.7342 6 2.8295 1.2352 4
PASSAGE 5 2.2022 1.3318 4 2.2022 1.3318 4




TABLE 2: CLASSICAL THEORY RELIABILITY STATISTICS

STUDY
BATTERY
TEST
SUBTEST ORIGINAL TEST G-STUDY SAMPLING
PASSAGE S-H Guttman Alpha k S—-H Guttman Alpha k
STUDY ONE
TOTAL TOEFL .8927 .8916 .9667 146 .8896 .8881 .9584 114
LC TEST .8978 .8978 .9178 50 .8789 .8788 .8964 38
SWE TEST .8752 .8652 .9016 38 .8752 .8652 .9016 38
VRC TEST .8808 .8806 .9326 58 .8617 .8616 .9033 38
STUDY TWO
LC TEST .8978 .8978 .9178 50 .8941 .8930 .9077 45
LC1 .8209 .8209 .8349 20 .7706 .7669 .7845 15
LC2 .7541 .7512 .,7618 15 .7541 .7512 .7618 15
LC3 .7457 .7437 .7677 15 .7457 .7437 .7677 15
STUDY THREE
SWE TEST .8752 .8652 .901s6 38 .8520 .8513 .8686 28
SWE1l . .7565 .7478 .7726 14 .7565 .7478 .7726 14
SWE2 .8263 .8113 .8574 24 .7466 .7370 .7723 14
STUDY FOUR
VRC TEST .8808 .8806 .9326 58 .8808 .8806 .9326 58
VRC1 .8749 .,8745 .8854 29 .8749 .8745 .8854 29
VRC2 .8106 .8028 .8769 29 .8106 .8028 .8769 29
STUDY FIVE
VRC2 .8106 .8028 .8769 29 .7654 .7552 .8280 20
PASSAGE 1 .6232 .6101 .6124 7 .4735 .4684 .4542 4
PASSAGE 2 .5837 .5696 .5715 5 .5219 .519¢ .5061 4
PASSAGE 3 .7205 .7100 .7323 7 .5903 .5903 .5910 4
PASSAGE 4 .7191 .7187 .7181 6 .6149 .6148 .6190 4
PASSAGE 5 .5823 .5822 .5964 4 .5823 .5822 .5964 4

) 10
> 30




29

. ¥

G9v08T9T* . (s:1d) ;0 = G9%08T9T"'0 6886TCZ LE°88T6GE s:1d
T€T0ZL00" (ed) ;0'u + (s:71d) .0 = (2hSPSEP°O 8666¢€ 0E€ " LTVLT sd
yL0860TO" (s:7) 0% + (s:7d) .0 = 8G9LG9LL 61T 111 0Z2°G66£%2 s:T
TZ¥Lb200° (s) 0’0y + (s:7T) 0% + (sd).o'u + (s:1d) .0 = 000000SV°00TC ¢ 06°002% S
AL ATAN (d) ;0%u'u + (sd):o'u + (s:1d):0 = 8ZLESSTO Y 6666T €L°90£08 d
SININOJWOD SHA SH ip ss 40dN0S
FJONVIAVA

X9gLINg TAIOL IVLOL - INO AQALS~-D € TTENL

O
PAFulText provided by ERIC

E

}
»
\




TABLE 4¢: VARIANCE COMPONENTS FOR FIVE G-STUDIES

VARIANCE COMPONENTS FOR

STUDY STUDY STUDY STUDY STUDY
ONE: TWO: THREE: FOUR: FIVE:
TOTAL LC SWE VRC VRC2
SOURCE TOEFL TEST TEST TEST SECTION
RAW
COMPONENTS
P .03140424 .04055400 .03517126 .03614178 .03699441
s .00247421 .00000000* .00028243 .00060287 .00710587
i:s .01098074 .01178236 .00924644 .01189282 .00762986
pPs .00720131 .00136198 .00148391 .00327638 .01234403
pi:s .16180465 .18380686 .15119135 .15613306 .15143681
Total .21386515 .23750520 .19737539 .20804691 .21551098

*This value was a negative variance component, which was rounded

to zero after Brennan (1983:

47-48)
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TABLE 5: SUMMARY OF D-STUDY RESULTS

D-STUDY RESULTS FOR

STUDY STUDY STUDY STUDY STUDY
ONE: TWO: THREE: FOUR: FIVE:

MODEL TOTAL LC SWE VRC VRC2
Statistic TOEFL TEST TEST TEST SECTION
n, 3 3 2 2 5
n; 38 15 14 29 4
n;ng 114 45 28 58 20
42 (p) .0314 .0406 .0352 .0361 .0370
02 (s) .0008 .0000 .0001 .0003 .0014
62(i:s) .0001 .0003 .0003 .0002 .0004
62 (ps) .0024 .0005 .0007 .0016 .0025
02 (pi:s) .0014 .0041 . 0054 .0027 .0076
X, .6927 .6160 .7304 .7062 .6905
RANDOM

EFFECTS

MODEL
02 (1) .0314 .0406 .0352 .0361 .0370
62 (8) .0038 .C045 .0061 .0043 .0100
02 (A) .0047 .0048 .0066 .0048 .0118
E62 (X) .0352 .0451 .0413 .0405 .0470
02 (X) .0009 .0003 .0005 .0005 .0018
Ep2 (§) .8916 .8993 .8513 .8930 .7865
S/N 8.2251 8.9305 5.7249 8.3458 3.6838
MIXED

EFFECTS

MODEL
02 (1) .0338 .0410 .0359 .0378 .0395
62 (6) .0014 .0041 .0054 .0027 .0076
02 (A) .0015 .0043 .0057 .0029 .0080
E62 (X) .0352 . 0451 .0413 .0405 .0470
02 (X) .0001 .0003 .0003 .0002 .0004
Ep2 (§) .9597 .9094 .8693 .9335 .8390
S/N 23.8139 10.0375 6.6511 14.0376 5.2112
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TABLE 11: SUMMARY OF PHI (LAMBDA) RESULTS
PHI (LAMBDA) RESULTS FOR
STUDY STUDY STUDY STUDY STUDY
ONE: TWO: THREE: FOUR: FIVE:

MODEL TOTAL LC SWE VRC VRC2
cut Point TOEFL TEST TEST TEST SECTION
RANDOM

EFFECTS

MODEL

390% .939 .962 .906 .938 .870
80% .899 .939 .857 .902 .799
70% .866 .908 .843 .881 .749
60% .892 .894 .887 .907 .786 -
50% .934 .918 .930 .942 .858
40% .961 .948 .956 .964 .910
30% .975 .967 .971 .976 .941
20% .983 .978 .980 .984 .959
10% .988 .985 .985 .988 .970
$ (X) .865 .894 .840 .880 .748
X = 69% 62% 73% 71% 69%

MIXED

EFFECTS

MODEL

90% .981 .965 .918 .963 .913
80% .968 .945 .876 .941 .865
70% .957 .917 .864 .928 .831
60% .965 .904 .902 .944 .856
50% .979 .926 .939 .965 .905
40% .987 .953 .962 .978 .939
30% .992 .970 .975 .986 .960
20% .995 .980 .982 .990 .972
10% .996 .98% .987 .993 .980
3 (X) .957 .904 .861 .928 .831
X = 69% 62% 73% 71% 69%

Ry
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APPENDIX A: G-STUDY RESULTS [p X (i:s)

STUDY ONE - TOTAL THEFL BATTERY

SOURCE
p

s

i:s
ps
pi:s

STUDY TWO - LC TEST

SOURCE

P

s
i:s
ps
pi:s

SS
£0306.73
4200.90
24395.20
17417.30
359188.37

SS
40581.31
183.80
9904.90
8169.05
154390.04

daf
19999

2

111
39998
2219889

af
19999
2

42
393998
839958

STUDY THREE - SWE TEST

SOURCE
P

s

is:s
ps
pi:s

SS
23134.07
264.18
4812.08
3439.15
78615.57

daf
1999
1

26
19999
519974

STUDY FOUR - VRC TEST

SOURCE

P

s
i:s
ps
pi:s

SS
46945.08
587.77
13328.70
5022.71
174860.28

df
19999

1

56
19999
1119944

STUDY FIVE - VRC2 SECTION

SOURCE
p

s

i:s
ps
pi:s

SS
18813.08
2885.07
2291.23
16064.23
45428.77

df
19999
4

15
79996
299985

MS

4.0155
2100.4500
219.7766
0.4355
0.1618

MS
2.0292
91.9020
235.8310
0.2042
0.1838

MS
1.1568
264.1800
185.0800
0.1720
0.1512

MS
2.3474
587.7720
238.0125
0.2511
0.1561

MS
0.9407
721.2675
152.7487
0.2008
0.1514

DESIGNS]

EVC
0.03140424
0.00247421
0.01098074
0.00720131

0.16180465

EVC
0.04055400
0.000600000
0.01178236
0.00136198
0.18380686

EVC
0.03517126
0.00028243
0.00924644
0.00148391
0.15119135

EVC
0.03614178
0.00060287
0.01189282
0.00327638
0.15613306

EVC
0.03699441
0.00710587
0.00762986
0.01234403
0.15143681

3

-
-t
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