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We contend that generalizability (G) theory allows the design of
psychometric approaches to testing English-language learners
(ELLs) that are consistent with current thinking in linguistics. We
used G theory to estimate the amount of measurement error due
to code (language or dialect). Fourth- and fifth-grade ELLs, native
speakers of Haitian-Creole from two speech communities, were
given the same set of mathematics items in the standard English
and standard Haitian-Creole dialects (Sample 1) or in the
standard and local dialects of Haitian-Creole (Samples 2 and 3).
The largest measurement error observed was produced by the
interaction of student, item, and code. Our results indicate that
the reliability and dependability of ELL achievement measures is
affected by two facts that operate in combination: Each test item
poses a unique set of linguistic challenges and each student has
a unique set of linguistic strengths and weaknesses. This
sensitivity to language appears to take place at the level of
dialect. Also, students from different speech communities within
the same broad linguistic group may differ considerably in the
number of items needed to obtain dependable measures of their
academic achievement. Whether students are tested in English or
in their first language, dialect variation needs to be considered if
language as a source of measurement error is to be effectively
addressed.
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In this article, we address the need for
practices in the testing of English-

language learners (ELLs) that are
supported by concepts from the field
of linguistics (see August & Hakuta,
1997; LaCelle-Peterson & Rivera, 1994;
Lee, 2002; Lee & Fradd, 1998; Solano-
Flores & Nelson-Barber, 2001; Solano-
Flores & Trumbull, 2003). To date,
approaches to handling linguistic di-
versity in testing have been limited to
the use of classical theory and item
response theory (e.g., Ercikan, 1998;
Hambleton, Swaminathan, & Rogers,
1991; Van de Vijver & Tanzer, 1998).

We propose the use of generalizabil-
ity (G) theory (Brennan, 1992, 2001;
Cronbach, Gleser, Nanda, & Rajarat-
nam, 1972; Shavelson & Webb, 1991)
as a tool for examining the validity of
achievement measures for ELLs.

We contend that G theory allows de-
velopment of testing models that are
more sensitive to evidence that bilin-
gual individuals’ skills may vary con-
siderably across languages (Bialystok,
1997; Solano-Flores & Li, 2006; Valdés
& Figueroa, 1994). Existing approaches
to ELL testing are mainly based
on comparing ELLs’ and mainstream

students’ scores (e.g., Abedi, Lord,
Hofstetter, & Baker, 2001; Shepard,
Taylor, & Betebenner, 1998), or com-
paring scores between ELLs who do and
do not receive testing accommodations
intended to reduce the adverse impact
of language (e.g., Abedi, Hofstetter, &
Lord, 2004; Butler & Stevens, 1997). By
contrast, the use of G theory enables ex-
amining of the dependability of scores
obtained by ELLs tested across lan-
guages or dialects.

G theory allows examination of the
amount of score variation due to the
main effect and interaction effect of
student (the object of measurement)
and various facets (sources of measure-
ment error) such as item, rater, oc-
casion, and type of task (e.g., Baxter,
Shavelson, Goldman, & Pine, 1992; Gao,
Shavelson, & Baxter, 1994; Kane, 1982;
Ruiz-Primo & Shavelson, 1996; Webb,
Schlackman, & Sugrue, 2000). In this
study, we included code as a facet. Thus,
we examined the amount of score vari-
ation due to code and to its interaction
with student and with other facets.1

Code refers to “any kind of system
that two or more people employ for com-
munication” (Wardhaugh, 2002, p. 87).
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We use this term to refer to either a lan-
guage or a dialect. A dialect is a variety
of a language that is distinguished from
other varieties of the same language
by its pronunciation, grammar, vocabu-
lary, discourse conventions, and other
linguistic features (Crystal, 1997).

Although dialect is frequently used
to mean a substandard or corrupted
version of a language, in fact everyone
speaks a dialect (Preston, 1993). There
may be many dialects of the same lan-
guage. Standard English is one among
many English dialects (Wardhaugh,
2002). Important aspects in which di-
alect versions of a test differ have to do
with the frequency of words and certain
syntactical forms. For example, “How
much money does Harry need to pay for
two popsicles that cost 35 cents each?”
could reflect language usage in a given
speech community better than “How
much money does Harry need to pay
if he buys two 35-cent popsicles?” Al-
though the two forms of the same ques-
tion look similar, forms such as 35-cent
popsicles may be more difficult for stu-
dents from certain speech communities
(see Solano-Flores & Trumbull, 2003).

In this study, we tested ELLs with
the same set of items in two codes and
examined the reliability and depend-
ability of measures of their academic
achievement. We also determined the
optimum number of items needed to
obtain dependable scores with differ-
ent ELL testing models.

Linguists (e.g., Cummins, 1999;
Krashen, 1996) warn that classifica-
tions of ELLs based on programs
(e.g., full immersion, bilingual) may be
flawed because programs vary consid-
erably in type and fidelity of implemen-
tation and because their effectiveness
is shaped by multiple contextual fac-
tors. Thus, we also examined how the
dependability of measures of academic
achievement may vary across samples
of students who are classified within
the same category of “English language
learners,” yet may have different migra-
tion histories and different sets of for-
mal and instructional experiences with
their first and second languages.

Since the investigation involved only
one broad linguistic group (native
speakers of Haitian-Creole), establish-
ing a set of principles for testing all
linguistic groups of ELLs is beyond the
scope of this article. Rather, we focus
on illustrating how new, promising ap-
proaches to linguistic diversity in test-
ing can be devised by using the methods
and reasonings from G theory.

Methods

Participants

Participants in this study were na-
tive speakers of Haitian-Creole, one of
the fastest-growing languages spoken
in the country (U.S. Census Bureau,
2000). A language spoken by about
6 million people in Haiti, the Domini-
can Republic, Canada, Puerto Rico, and
the United States, Haitian-Creole is
considered to be a Romance language,
but a unique kind of Romance lan-
guage: Although it is lexically based
on French, it has considerable morpho-
logical and syntactic influences from
West African languages. Haitian-Creole
is a highly codified grammar whose
sentences are characterized by explicit
rules (Valdman, 1970). Haitian-Creole
is not a dialect of French, “but rather
a completely independent language,
about as closely related to French
as modern Italian is to Latin” (Hall,
1953, cited in UCLA Language Materials
Project, 2003).

The study’s participants were 170
grade 4 and grade 5 students who had
been identified as ELLs by their school
districts and who were native speakers
of Haitian-Creole. These students were
enrolled in public schools in City A,
Florida, and City B, New York.2 Florida
and New York are the two states with
the highest numbers of Haitian-Creole
speakers aged 5 years and up in the
United States (U.S. Census Bureau,
2000).

Though the three samples consisted
of students that would be classi-
fied within the category of “English-
language learner,” they reflected the
enormous variation in English profi-
ciency that may exist among individuals
within the same given linguistic group
and even within the same type of bilin-
gual programs. Sample 1 consisted of
49 students from City A who had been
enrolled in bilingual, Home Language
Acquisition, or Curriculum Content in
Home Language support programs for
one and a half to three years. Samples 2
and 3 consisted of 42 students from City
A and 79 students from City B, respec-
tively, who had migrated recently from
Haiti and were being taught in their na-
tive language or had been transitioned
recently to full immersion, English-only
programs.

Six teachers from City A and seven
teachers from City B, from the same
school districts as the participating
students, also took part in the study.
These teachers were all born in Haiti,

were native speakers of Haitian-Creole,
and lived in the same communities as
the participating students. Four of the
teachers from each site also partici-
pated as raters. These eight individuals
were not the teachers of the students
whose responses they scored.

Test Item Selection and Translation

We assembled a test consisting of 12
open-ended items selected from the set
of items included in the NAEP public re-
leases of mathematics items (National
Assessment of Educational Progress,
1996, 2000). The sample only included
items that did not contain visual in-
formation (e.g., illustrations, graphs, or
tables).

The items were translated from Stan-
dard English into three Haitian-Creole
dialects: Standard, A, and B. A well-
established test translation company
created the standard version. This com-
pany hired two professional transla-
tors, native speakers of Haitian-Creole
who were born and raised in Haiti.
The translators were asked to trans-
late the items into a standard ver-
sion of Haitian-Creole that could
be understood by any Haitian-Creole
speaker. 3

The procedure of back translation—
in which a test is translated back into
the source language and compared to
the original version to see if the origi-
nal meaning is preserved (see Behling
& Law, 2000)—was discarded, as there
is mounting evidence that it renders
inaccurate evaluations of the quality of
translations (see Grisay, 2002). Also,
we avoided using a scholarly approach
such as one based on lexicological stud-
ies, because it would be costly and im-
practical (see Tanzer, 2005). Instead,
we used a pragmatic translation ap-
proach. We facilitated separate trans-
lation sessions with the City A and City
B teams. These teams were instructed
to translate the items in a way that re-
flected the dialect spoken in their com-
munities and that could be understood
by their students.

All translation decisions were made
collectively by each team after a lengthy
process of discussion and review.4 Al-
though we facilitated the translation
sessions, we did not participate in any
translation decisions made by these
teams. Figure 1 shows an item in its
original Standard English version and
the three dialect versions of Haitian-
Creole.
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FIGURE 1. Original Standard English dialect version and three Haitian-Creole dialect translations of the same item. Differ-
ences observed in the translations involve spelling (e.g., week: semèn and semenn), choice of words (e.g., earn: touche,
genyen, and fè), notation conventions (e.g., $45.00 and 45,00$), and discourse style (e.g., each Monday, Tuesday, and
Wednesday . . . : chak lendi, madi, ak mèkredi . . . and chak lendi, chak madi, ak chak mèkredi . . .). Although all these are
issues in translation, spelling differences are more frequently observed in Haitian-Creole than in other languages, which
reflects the fact that Haitian-Creole has different spelling systems (see Schieffelin & Doucet, 1994). However, unlike the
spelling systems used in English, all the spelling systems in Haitian-Creole have a more consistent correspondence between
sounds and the forms used to represent those sounds (Mason, 2000).

Test Administration

Students from Sample 1 were tested
across languages (i.e., in Standard
English and Standard Haitian-Creole).
Students from Samples 2 and 3 were
tested across dialects (i.e., in the stan-
dard dialect and their local dialect of
Haitian-Creole).5 Students were not in-
structed to respond in one code or
another.

Students completed two test book-
lets, administered in two 45-minute
sessions, 7 to 10 days apart. The com-
position of the booklets can be de-
scribed generically as follows: Items (a)
through (f) were in Code 1 in the first
booklet and in Code 2 in the second
booklet; items (g) through (l) were in
Code 2 in the first booklet and in Code 1
in the second booklet. The sequence of
items within each booklet was assigned
randomly for each student.6

After we assembled the test, we re-
alized that a numeral in one item had
been translated with words by one of
the translation teams—which might af-
fect equivalence across languages. We
also found out that we could not pro-
vide the kind of small plastic rulers pro-
vided by NAEP for students to draw a
rectangle in their response to another

item. Although we had the students re-
spond to all 12 items in the two codes,
these two items were excluded from our
nalyses.

Scoring and Scaling

Raters were trained to use the scoring
rubrics used by NAEP. These rubrics
(in English) were used to score all
responses regardless of code. Train-
ing and calibration materials included
student responses to items adminis-
tered in Standard English and in the
three Haitian-Creole dialects. These re-
sponses were randomly selected and
were not part of the corpus of responses
analyzed in the study. Raters were given
booklets with copies of the student re-
sponses arranged by item. To control for
the effects of fatigue or practice, each
rater was randomly assigned a unique
sequence of responses in each booklet.

To deal with the fact that the items
used in our study had different point
scales (ranging from 2 to 5 points),
the scores assigned by teachers were
rescaled into a scale extending from
0 to 1. Thus, a dichotomous item was
scored 0–1.000 whereas, for example, a
4-point scale item was rescaled 0, .333,

.667, 1.000. This treatment allowed us to
use all items together in our G analyses,
as it preserved both the rank ordering
of the students and the absolute level
of performance.

Data Analyses

As a first analysis, we performed a se-
ries of dependent samples t-tests to
examine the statistical significance of
the test score differences across codes.
Also, we performed a series of Pearson
correlation analyses to examine the ex-
tent to which tests in different codes
produced similar student rankings.

We performed G theory analyses
with urGENOVA, a software package
for G theory analyses (Brennan, 2001;
The University of Iowa Center for Ad-
vanced Studies in Measurement and
Assessment, 2004).7 The basic formu-
las (based on Brennan, 1992; Cronbach
et al., 1972; Shavelson & Webb, 1991)
used for estimating the variance com-
ponents and the relative and absolute
decision G coefficients are shown in
Figure 2.

We performed a series of s × r × i ×
c G studies to examine the magnitude
of the score variation due to the main
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FIGURE 2. Formulas used to calculate variance components and relative and absolute decisions coefficients.

and interaction effect of student, rater,
item, and code (language or dialect).
In this design, the total observed score
variance (σ2

Xsric) is decomposed into
the 15 terms that result from the main
and interaction effects of student, rater,
item, and code.

Whereas the person score variance
(σ2

s )—estimated from the mean stu-
dent scores across raters, items, and
codes—represents the object of mea-
surement, the remainder of the vari-
ance components are estimates of
multiple sources of measurement er-
ror that result from the sampling vari-
ability of rater, item, code, and a
combination of these three. The last
term (sric, e), called the error term,
cannot be interpreted because the in-
teraction effect of student, rater, item,
and code is confounded with error (e)
due to other, unknown sources of score
variation.

Using concepts from G theory, we
also examined the generalizability coef-
ficient ρ2 (equivalent to classical test
theory’s reliability coefficient), which
expresses the reliability of decisions
concerning the relative standing of stu-
dents, and the dependability coefficient
ϕ (a criterion-referenced coefficient),
which refers to the absolute level of
an individual’s knowledge of a given
domain. These coefficients express, re-
spectively, how generalizable achieve-
ment measures depend on whether they
are intended to rank individuals or to
index their absolute level of perfor-
mance (Shavelson & Webb, 1991).

In our analyses, we used random
models that assumed that the raters,
items, and codes included in the study
were samples of a larger universe of
raters, items, and codes. When differ-
ent samples of the same facet are used
over replications, the facet has to be
regarded as random (Brennan, 1992).
This is especially important to under-
stand why we conceptualized code as a
random facet: There are multiple forms
in which an item can be written in a
given language. Each form is a unique
combination of lexical and grammati-
cal features that are consistent with the
rules of that language; each is a sample
of the many possible ways in which that
language can be used to write that item
(Solano-Flores, 2006). The same rea-
soning applies to dialect. For example,
if several translators were asked to in-
dependently translate an item into the
standard dialect of a given language,
they would produce translations that
would not be identical.

Results and Discussion
Mean Score Differences

Table 1 compares the scores obtained
by each sample of students on the test in
two codes. Statistically significant dif-
ferences (α = .05) were observed for
Sample 1. Students from this sample
scored higher on items administered
in Standard English than in Standard
Haitian-Creole. Though students from
Samples 2 and 3 performed better on
items administered in their local di-

alect than in the standard dialect of
Haitian-Creole, the differences were
statistically significant only for Sample
3. Correlations of .701, .817, and .854
between scores obtained in two codes
were observed for Samples 1, 2, and 3 re-
spectively, indicating that scores from
tests in two codes—especially dialects
of the native language—tended to rank
students’ performance in a roughly sim-
ilar way.

G Studies: Code (Language or Dialect)
as a Source of Measurement Error

We performed a series of random two-
facet model (s × r × i) and three-facet
model (s × r × i × c) G studies with
each student sample. Consistent with
results obtained with monolingual pop-
ulations (Baxter, Shavelson, Goldman,
& Pine, 1992; Ruiz-Primo, Baxter,
& Shavelson, 1993; Solano-Flores,
Jovanovic, Shavelson, & Bachman,
1999), we observed considerable score
variation (49% to 61%) due to the
s × i interaction in the two-facet model
(Table 2). However, when code was
introduced as a facet in the analyses,
the relative magnitudes of these effects
changed. In the three-facet model, the
s × i interaction effect was reduced to
11% to 23%, whereas the largest score
variation was produced by the s × i × c
interaction (39%, 33%, and 38% for
Samples 1, 2, and 3, respectively)
(Table 3).

Taken altogether, the results shown
in Tables 2 and 3 indicate that, for ELLs,
a considerable amount of the score
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Table 1. Mean Score Differences on Tests Administered in Two Codes

Sample: 1 City A Sample 2: City A Sample 3: City B
(n = 49) (n = 42) (n = 79)

Standard Standard Local (City A) Standard Local (City B) Standard
Haitian-Creole English Haitian-Creole Haitian-Creole Haitian-Creole Haitian-Creole

Mean .1680 .2997 .1990 .1775 .1809 .1544
SD .1814 .2518 .2154 .1778 .1730 .1624
Std. error of .0259 .0360 .0332 .0274 .0198 .0183

the mean
pa .000 .269 .013

aPaired t-test.

variation associated with code is
hidden in the s × i interaction
when the two-facet model s × r × i
is used. That is, the substantial
s × i interaction in the design that
excluded code as a facet (see
Table 2) was largely due to the vari-
ation in the students’ responses across
codes.

These results indicate that ELL per-
formance is inconsistent across both
item and code. In addition to cognitive
and content knowledge demands, each
item poses a different set of linguistic
challenges in each code for each stu-
dent. A given student performs better
in Code X than in Code Y for some items
but better in Code Y than in Code X for
other items. The results also indicate
that the interaction of dialect with stu-
dent and item is as important as the in-
teraction of language with student and
item as a source of measurement error.

Relative and Absolute Interpretation
of Scores

We examined the generalizability and
dependability of achievement mea-
sures and, more specifically, the ρ2

and ϕ coefficients obtained by testing
ELLs in each of two codes (Table 4).8
Coefficient ϕ—the absolute decisions,
criterion-referenced coefficient—is es-
pecially relevant to interpreting stu-
dents’ test scores in the context of
standard-based reform and account-
ability (Linn, Baker, & Betebenner,
2002).

For students tested across languages
(Sample 1), higher G coefficients were
obtained when they were tested in Stan-
dard English (ρ2 = .33; ϕ = .31) than
in Standard Haitian-Creole (ρ2 = .25;
ϕ = .23). For students tested across
dialects, the results were inconsistent.
For students from Sample 2, higher G
coefficients were obtained for scores on
items in the local dialect of Haitian-

Creole (ρ2 = .29; ϕ = .28) than for
items in Standard Haitian-Creole (ρ2 =
.20; ϕ = .19). In contrast, for Sample
3 students, similar G coefficients were
observed for scores on items in local
Haitian-Creole (ρ2 = .21; ϕ= .19) and
items in standard Haitian-Creole (ρ2 =
.21; ϕ = .18).

These results suggest that language
as a source of measurement error oper-
ates at the level of dialect. Regardless of
the language in which ELLs are tested,
their performance is sensitive to the
dialect of the language in which they
are tested. This may be especially true
for young ELLs who have had limited
opportunities to develop cognitive aca-
demic proficiency in their native lan-
guage (see Cummins, 1984, 1999, 2003;
Guerrero, 1997; Hakuta, Butler, & Witt,
2000; Krashen, 1996).

Decision Studies

We performed a series of decision
(D) studies (see Shavelson & Webb,
1991) to devise ways in which the
considerable magnitude of error due
to the interaction effect of code
could be minimized. We focused on
eight testing models: (a) Monolingual-
Standard, (b) Monodialectal-Standard,
(c) Monolingual-Native, (d) Monodia-
lectal-Local, (e) Bilingual-Basic, (f)
Bidialectal-Basic, (g) Bilingual-Non-
equivalent, and (h) Bidialectal-Non-
equivalent (Table 5). Each model is
defined by whether the test items are
administered in one or two codes and,
for the tests administered in two codes,
by whether two code versions of the
same given item are treated as different
items.

For each testing model, there is a
specific D study design. We calculated
relative and absolute error by dividing
the estimated variance components by
different numbers of items. (Given the
small measurement error due to rater

observed, the frequency of rater was
kept equal to 1.) Then we determined
the minimum number of items needed
to obtain dependable scores for each
testing model.

Table 5 shows the relative decisions
and absolute decisions coefficients ob-
tained from the D studies.9 For students
tested across languages (Sample 1),
the Monolingual-Standard model ren-
dered the highest G coefficients with
the minimum number of items. About
10 items administered in Standard En-
glish would be needed to obtain ρ2 and
ϕ coefficients of .80. In contrast, be-
tween 10 and 15 items administered
in Standard Haitian-Creole would be
needed to obtain ρ2 and ϕ coefficients
of .80.10

For students from Sample 2, tested
across their local dialect and the stan-
dard dialect of Haitian-Creole, the
Monodialectal-Local testing model ren-
dered the highest G coefficients. A little
more than 10 items administered in the
local Haitian-Creole would be needed
to obtain ρ2 and ϕ coefficients of .80.
By contrast, over 15 items administered
in Standard Haitian-Creole would be
needed to obtain ρ2 and ϕ coefficients
of .80.

For students from Sample 3, also
tested across their local dialect and
the standard dialect of Haitian-Creole,
the Monodialectal-Local testing model
and the Monodialectal-Standard test-
ing model rendered comparable G co-
efficients. Slightly less than 20 items
administered in either the standard or
the local Haitian-Creole dialect would
be needed to obtain ρ2 and ϕ coeffi-
cients of .80.

Note that the differences in the
minimum numbers of items needed to
obtain dependable scores do not nec-
essarily correspond to the statistical
significance of mean score differences
observed across codes. For example,
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though testing students from Sample
2 in the local and standard dialects
of Haitian-Creole did not produce sta-
tistically significant mean score dif-
ferences (see Table 1), fewer items
would be needed to obtain dependable
scores if they were tested in their local
dialect than in the standard Haitian-
Creole dialect. By contrast, though test-

Table 2. Estimated Variance Components and Percentage of Score Variation for
Scores on Items Administered in Different Codes: Random s× r× i Model.
Relative Error and Absolute Error Indicated

(a) Sample 1. City A, Across Languages

Standard English Standard Haitian-Creole
Source of
Variability N EVC % n EVC %

Student (s) 49 .0533 31 49 .0265 23
Rater (r) 4 .0001 0 4 0b 0
Item (i) 10 .0099 6 10 .0127 11
sr 0b 0 0b 0
si .0829 49 .0676 58
ri .0004 0 .0003 0
sri,e .0231 14 .0099 8
Rel. error .1060 .0775
Abs. error .1164 .0905

(b) Sample 2. City A, Across Dialects

Standard Haitian-Creole A Haitian-Creole
Source of
Variability N EVC % n EVC %

Student (s) 42 .0232 19 42 .0375 28
Rater (r) 4 0b 0 4 0 0
Item (i) 10 .0070 6 10 .0064 5
sr 0b 0 0b 0
si .0742 61 .0707 52
ri .0004 0 .0001 0
sri,e .0167 14 .0204 15
Rel. error .0909 .0911
Abs. error .0983 .0976

(c) Sample 3. City B, Across Dialects

Standard Haitian-Creole B Haitian-Creole
Source of
Variability N EVC %a n EVC %

Student (s) 79 .0214 18 79 .0242 19
Rater (r) 4 0 0 4 .0001 0
Item (i) 10 .0162 14 10 .0143 11
sr 0 0 .0001 0
si .0691 59 .0794 61
ri .0001 0 .0002 0
sri,e .0095 8 .0113 9
Rel. error .0786 .0908
Abs. error .0949 .1054

aPercentages do not sum up to 100 due to rounding.
bSmall negative variance components (ranging from −.00027 to −.00001 with a median of −.00007). Compared with the rest of the
estimated variance components, these negative values were considered to be negligible and were set to zero, following Brennan’s
(1992) approach.

ing students from Sample 3 in the local
and standard Haitian-Creole dialects
produced statistically significant mean
score differences, similar G coefficients
would be obtained if they were tested
in either their local dialect or the stan-
dard Haitian-Creole dialect.

In sum, the minimum number of
items needed to obtain dependable

scores for ELLs may vary depending
on both the dialect of the language
in which they are tested and the spe-
cific characteristics of each group of
students.

Summary and Conclusions
We have discussed and illustrated the
use of generalizability (G) theory as an
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Table 3. Estimated Variance Components: s× r× i×c Random Model

Sample 1, City A Sample 2, City A Sample 3, City B
Std. English, Std. Haitian-Creole, Std. Haitian-Creole,

Std. Haitian-Creole A Haitian-Creole B Haitian-Creole
Source of
Variability n EVC % n EVC %a n EVC %a

Student (s) 49 .0299 20 42 .0277 22 79 .0235 19
Rater (r) 4 0b 0 4 0b 0 4 0 0
Item (i) 10 .0097 6 10 .0066 5 10 .0151 12
Code (c) 2 .0074 5 2 .0001 0 2 .0003 0
sr 0b 0 0b 0 0b 0
si .0164 11 .0302 23 .0267 22
sc .0100 7 .0027 2 0b 0
ri .0004 0 .0005 0 .0002 0
rc .0001 0 0b 0 0b 0
ic .0016 1 .0002 0 .0001 0
sri 0b 0 0 0 .0015 1
src 0b 0 0b 0 .0002 0
sic .0589 39 .0422 33 .0475 38
ric 0b 0 0b 0 0b 0
sric,e .0166 11 .0186 14 .0089 7
Rel. error .1019 .0937 .0848
Abs. error .1211 .1011 .1005
�2 .23 .23 .22
� .20 .22 .19

aPercentages do not sum up to 100 due to rounding.
bSmall negative variance components (ranging from −.00068 to −.00000 with a median of −.00007). Compared with the rest
of the estimated variance components, these negative values were considered to be negligible and were set to zero, following
Brennan’s (1992) approach.

approach to ELL testing that focuses on
code (language or dialect) as a source
of measurement error. We have ob-
served that the interaction of student,
item, rater, and code is the most impor-
tant source of error in the measurement
of ELL student academic achievement.
Our findings particularly underscore
the relevance of dialect-level analyses
in the testing of ELLs. The score varia-
tion due to the interaction of student,
item, and dialect can be as large as or
larger than the score variation due to
the interaction of student, item, and
language. Whether ELLs are tested in
English or in their native language, the
numbers of items needed to obtain de-
pendable scores may vary depending on

Table 4. Relative Decisions (ρ2) and Absolute Decisions (ϕ) Coefficients for
Scores on Items Administered in Different Codes: s× r× i Random Models

Sample 1. Sample 2. Sample 3.
City A, Across Languages City A, Across Dialects City B, Across Dialects

Std. English Std. Haitian-Creole Std. Haitian-Creole A Haitian-Creole Std. Haitian-Creole B Haitian-Creole

�2 .33 .25 .20 .29 .21 .21
� .31 .23 .19 .28 .18 .19

the dialect of the language in which
they are tested.

We also found that groups of stu-
dents that, according to current test-
ing practices, would be considered as
having comparable linguistic proficien-
cies differed on the minimum number
of items needed to obtain dependable
scores when they were tested in one di-
alect or in another. This finding appears
to be an effect of the fact that bilin-
gual development is rarely symmetri-
cal; experience and context (e.g., place
of origin, migration history, experience
with academic language, type of bilin-
gual program, fidelity of implementa-
tion of bilingual program) shape the
extent to which bilingual individuals

are more proficient in either their first
or their second language (Bialystok,
2001). Testing ELLs based on broad cat-
egories of English proficiency may fail
to address important linguistic differ-
ences among students from the same
broad linguistic group and may affect
the dependability of their achievement
scores.

Whereas the reasonings and meth-
ods described in this article hold in
the testing of ELLs, regardless of lin-
guistic group, it is important to note
that the basic findings reported here
do not seem to be limited to individu-
als who are native speakers of Haitian-
Creole. In a study conducted with native
Spanish speakers (Solano-Flores & Li,

Spring 2006 19



Table 5. Relative Decisions and Absolute Decisions Coefficients Obtained with
Different Testing Models and Their Corresponding G Theory Models (Facet
Frequencies and D Study Design Shown in Italics)

Monolingual-Standarda Monolingual-Nativeb Bilingual-Basicc Bilingual-Nonequivalentd

s × r × i s × r × i s × r × (i:c) s × r × i × c

10 20 30 10 20 30 10 20 30 10 20 30
Items Items Items Items Items Items Items Items Items Items Items Items
r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1
i = 10 i = 20 i = 30 i = 10 i = 20 i = 30 i:c = 10 i:c = 20 i:c = 30 i = 5 i = 10 i = 15
c = 1 c = 1 c = 1 c = 1 c = 1 c = 1 c = 2 c = 2 c = 2 c = 2 c = 2 c = 2

Sample 1, City A �2 .83 .91 .94 .77 .87 .91 .68 .76 .79 .65 .72 .77
� .82 .90 .93 .74 .85 .90 .61 .68 .71 .58 .66 .70

Monodialectal-Standarde Monodialectal-Localf Bidialectal-Basicg Bidialectal-Nonequivalenth

s × r × i s × r × i s × r × (i:c) s × r × i × c

10 20 30 10 20 30 10 20 30 10 20 30
Items Items Items Items Items Items Items Items Items Items Items Items
r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1 r = 1
i = 10 i = 20 i = 30 i = 10 i = 20 i = 30 i:c = 10 i:c = 20 i:c = 30 i = 5 i = 10 i = 15
c = 1 c = 1 c = 1 c = 1 c = 1 c = 1 c = 2 c = 2 c = 2 c = 2 c = 2 c = 2

Sample 2, City A �2 .72 .84 .88 .80 .89 .92 .73 .83 .87 .67 .79 .84
� .70 .83 .88 .79 .89 .92 .71 .82 .86 .65 .78 .83

Sample 3, City B �2 .73 .84 .89 .73 .84 .89 .73 .85 .89 .67 .80 .86
� .69 .82 .87 .70 .81 .87 .70 .82 .87 .62 .76 .82

aAll items are administered in Standard English.
bAll items are administered in the standard dialect of the native language.
cHalf of the items are administered in Standard English and half are administered in the standard dialect of the native language.
dAll items are administered in both Standard English and the standard dialect of the native language; the two language versions of
the same given item are treated as two different items.
eAll items are administered in the standard dialect of the native language.
f All items are administered in the local dialect of the native language.
gHalf of the items are administered in the standard dialect and half are administered in the local dialect of the native language.
hAll items are administered in both the standard dialect and the local dialect of the native language; the two dialect versions of the
same given item are treated as two different items.

2006), we also observed that the largest
source of score variation was the in-
teraction of student, item, and code,
and that the minimum number of items
needed to obtain dependable scores
varied depending on the dialect of
the language in which students were
tested. Academic performance insta-
bility across languages and across di-
alects appears likely to be a common
occurrence, rather than an isolated
phenomenon particular to a specific lin-
guistic group.

Appropriate generalizations of our
findings for future research and prac-
tice in ELL testing should be based on
a careful consideration of the contexts
in which testing takes place. For ex-
ample, though we observed a negligible
score variation due to the main and in-
teraction effect of the rater, this does
not mean that measurement error due
to rater is never an issue in ELL test-
ing. Larger main and interaction effects
of this facet might have been observed
had we used raters who were not na-
tive speakers of the students’ native

language or who had not been selected
carefully. Unfortunately, reports on the
testing of ELLs do not provide detailed
information about the raters’ linguistic
qualifications or backgrounds, or the
process used to assess the raters’ lin-
guistic abilities. The effect of rater as a
source of measurement error may have
gone unnoticed or may have been un-
derestimated in previous ELL testing
research.

The use of G theory in the testing of
linguistically diverse populations opens
new possibilities for policy and practice
in ELL testing. For example, whether a
given group of students should be tested
in English or their native language
could be determined based on testing
them in two languages and examin-
ing the dependability of their scores.
Also, different groups of ELLs within
the same broad linguistic group might
need to be tested with different num-
bers of items in order to produce scores
of comparable dependability.

Of course, this set of possibilities
brings with it a set of challenges and

questions. Further research is needed
to streamline the process of test trans-
lation or local adaptation so that trust-
worthy dialect versions of the same test
can be efficiently developed and to de-
vise assessment systems in which dif-
ferent groups of students can be given
different numbers of items for the same
test. Moreover, given the observed rel-
evance of dialect, further research is
needed to determine whether, when
testing students only in English, more
dependable scores can be obtained if
they are tested in their local dialect of
English than in Standard English.

For now, our results show that G the-
ory can be used to devise sound, effec-
tive psychometric approaches to testing
ELLs that address linguistic diversity in
a way that is consistent with current
thinking in the field of linguistics.
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1In this article, testing in two codes means
administering the two code versions of each
given item at different times. This approach
differs from other approaches (e.g., Anderson,
Liu, Swierzbin, Thurlow, & Belinski, 2000),
in which the test format displays two code
versions of the same item side by side.

2Letters are used to keep the identi-
ties of the participating sites and schools
confidential.

3Following the company’s procedures, one
translator translated the test and the other
reviewed and commented on the translation;
a revised version of the translation was cre-
ated after any disagreement was discussed
and worked out.

4The entire process of translation took, on
average, about 1 1

2 and 2 hours per item, re-
spectively for City A and City B. First, teach-
ers broke into pairs and translated the item.
(Several pair combinations of teachers were
used across items, so that each teacher would
work together with other teachers in trans-
lating at least one item.) Then one of the
pairs presented its translation to the other
teachers, who proposed changes based on
their knowledge of the language spoken by
their students and their own experience in
translating the item. This group discussion
continued until consensus was reached. Af-
ter completing this process for each item, an-
other review was made and a final version
was agreed upon. Teachers were provided with
an English-Haitian-Creole-English dictionary
and documents released by NAEP that de-
tailed the mathematical knowledge and skills
each item intended to address. The translation
procedure is discussed in detail by Solano-
Flores, Speroni, and Sexton (2005).

5In this article, testing students in two (or
across) languages, means testing them in the
standard dialects of those languages. Simi-
larly, testing students across dialects means
testing them in the local and standard dialects
of their native language.

6In a previous study (Solano-Flores, Lara,
Sexton, & Navarrete, 2001), we used a Latin-
square design to compare a reduced number
of item sequence blocks in their effects on
the performance of Grade 4 ELLs on NAEP
science and mathematics items given in two
languages. Since no effects were observed in
that study, in this study we used a design that

addressed the possible effects of fatigue, prac-
tice, or maturation more effectively.

7Although urGenova does not provide stan-
dard error of measurement (SEM) estimates
for unbalanced designs, model misspecifica-
tion is discarded, given the negligible magni-
tude of the negative variance components. In
addition, only .29% of the values were miss-
ing (39 of 13,600 scores), which eliminates
the possibility that the negative values are a
reflection of sampling variability due to small
sample sizes of the estimated variance com-
ponents (Brennan, 2001). In a similar study
conducted with native Spanish-speaking ELLs
and no missing data at all (Solano-Flores & Li,
2006; see the Conclusions section), we found
very small SEM for all estimates.

8The results reported are based on the
scores given by raters from the same sites as
the students (i.e., scores given by teachers
from City A to students from City A and scores
given by teachers from City B to students from
City B). In a series of supplementary G stud-
ies (available from the authors upon request)
we addressed the fact that raters were nested
within sites. These nested-design studies re-
vealed that the main effect and interaction ef-
fect of rater nested within site were negligible.

9The full tables with the estimated variance
components are available upon request.

10The value of .80 is used here just as a
reference value for comparison purposes. As-
sessment systems may use higher coefficients
as criteria for technical quality.
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