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administered as part of a survey of achievement in Canada. The results point to sub-
stantial psychometric differences between the 2 language versions. Approximately
18% to 36% of the items were identified as differentially functioning for the 2 lan-
guage groups. Large proportions of these differential item functioning (DIF) items,
36% to 100% across age groups and content areas, were attributed to adaptation re-
lated differences. A smaller proportion, 27% to 33% of the DIF items, was attributed
to curricular differences. Twenty-four to 49% of DIF items could not be attributed to
either of the 2 sources considered in the study.

During the last decade, test adaptations and translations have become prevalent
because of an increase in international testing, more demand for credentialing and
licensureexamsinmultiple languages,andagrowingconcern to test students in their
first language. For example, the International Association for the Evaluation of Edu-
cational Achievement conducted the Third International Mathematics and Science
Study (TIMSS) in 1995 and 1999 by administering tests in more than 40 different
languages. The Council of Ministers of Education in Canada assesses the achieve-
ment of 13- and 16-year-old students in reading and writing, mathematics, and sci-
ence in English and French for the provinces and territories as part of the School
Achievement Indicators Program (SAIP). In Israel, university entrance examina-
tions are adapted from Hebrew to five other languages. In the United States, New
YorkRegentsExaminationsofMathematicsareoffered in five languages inaddition
to English. The National Assessment of Educational Progress was administered in
Spanish in addition to English for the first time in 2003. The comparability of test re-
sults across different language versions of these tests is at the core of the validity of
interpretations in these assessments. This comparability is the focus of this study.

Efforts to create tests that are as similar as possible across different languages in-
volves not only a translation that preserves the original test meaning but additional
changessuchas thoseaffecting itemformatand testingproceduresmaybenecessary
to insure equivalence of the versions of the test in multiple languages (Hambleton,
1993). In achievement tests in particular, expectations regarding familiarity of
examinees with different measurement units, such as inches versus centimetres, and
notations, such as13:00 hr versus 1 p.m., are considered when tests are translated.
This more general process of converting one language version of a test to another is
defined as test adaptation. Therefore, in this article, we chose to use the term adapta-
tion instead of translation to communicate the process involved in converting tests
from one language to another more accurately.

The assumption that multiple language test forms, even when developed by a
group of testing specialists and bilingual experts, will measure comparable
constructs is questionable without an empirical verification of such comparability.
A poor adaptation can affect the meaning of test items and adversely influence the
comparability and interpretability of test scores across language groups.
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Hambleton (1994) provided one illustrative example. In a Swedish–English com-
parison, English-speaking examinees were presented with this item:

Where is a bird with webbed feet most likely to live?
(a) in the mountains
(b) in the woods
(c) in the sea
(d) in the desert. (p. 235)

In the Swedish adaptation the phrase “webbed feet” became “swimming feet”
thereby providing an obvious clue to the Swedish-speaking examinees about the
correct option for this item. Therefore, what is assessed by the item and the
difficulty level of the item is altered by adaptation to Swedish. Previous research
on multilingual examinations has demonstrated that test adaptation can affect
comparability, and therefore, validity, and fairness for groups taking the test in
different languages (e.g., Angoff & Cook, 1988; Sireci & Berberoglu, 2000;
Sireci, Fitzgerald, & Xing, 1998; van der Vijver & Tanzer, 1998). Recent
research conducted by Ercikan (1998, 1999), Ercikan and McCreith (2002),
Gierl, Rogers, and Klinger (1999), and Gierl and Khaliq (2001) using tests taken
by English- and French-speaking Canadian students found that differences due
to adaptations were associated with psychometric differences between two
language versions of tests as well. These researchers also demonstrated that
psychometric differences between the language versions of tests may not
necessarily be due to adaptation differences, and other factors may affect item
equivalence across language versions of tests. These, for example, include cul-
tural and curriculum differences between the groups. Cultural differences can
influence examinees’ intrinsic interest in and familiarity with the content or
context of items. Previous research on item equivalence for gender and ethnic
groups has shown that the context used in an item can affect this equivalence
(O’Neil & McPeek, 1993). Curriculum-related differences can result in varying
degrees of student exposure to the domain of items depending on the student’s
country. The order in which topics are introduced (e.g., Algebra, Fractions, and
Number Sense) and subsequent instruction provided to students could be
different in comparison groups. For example, if one of the groups has not
covered Algebra when the assessment took place, then this group would be ex-
pected to do more poorly relative to their performance on the rest of the test. In
other words, certain topics or subjects will undoubtedly have differential cover-
age in different countries, and differential coverage can lead to differential
response patterns and difficulty levels, independent of any problems due to
adaptation.
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TEST ADAPTATION AND DIFFERENTIAL
ITEM FUNCTIONING

The comparability of test items across different groups is often evaluated using dif-
ferential item functioning (DIF) analyses. DIF is present when examinees from
different groups have a different probability or likelihood of answering an item
correctly, after conditioning on overall ability. DIF analyses can be conducted dur-
ing or after the test adaptation process to identify items that function differently be-
tween language groups. Previous research highlights three aspects of such analy-
ses that need to be considered in designing studies for examining comparability of
test results across language groups. First, the amount of DIF on some adapted tests
is large. For example, Ercikan (1999) found that 58 out of 140 science items (41%)
and 29 out of 158 mathematics items (18%) from TIMSS displayed DIF when the
Canadian English and French examinees were compared. Similarly, Gierl et al.
(1999) reported that 26 of 50 items (52%) on a Canadian Grade 6 social studies
achievement test adapted from English to French displayed DIF. These findings
highlight that comparability is not ensured by simply adapting tests into multiple
languages; rather, the language forms must be analyzed using DIF methods to en-
sure they yield comparable results.

Second, previous research has demonstrated that the incomparability of con-
structs identified in multilingual assessments is not necessarily due to differences
created by the adaptations. For example, Ercikan and McCreith (2002), in their ex-
amination of the comparability of English and French versions of the TIMSS test
items administered in Canada, found that DIF could be attributed to adaptation re-
lated differences in approximately 22% of the mathematics DIF items and 40% of
the science DIF items. These findings point to the importance of examining the
sources of DIF.

The third finding in relation to DIF analyses that needs to be considered in
examining comparability of test results across language groups is that identifica-
tion of items as DIF can vary depending on which DIF detection method is used.
For example, Gierl et al. (1999) used the Mantel–Haenzsel (M–H) and Simul-
taneous Item Bias Test (SIBTEST) DIF detection procedures to identify items on a
social studies test that may be functioning differentially for English- and
French-speaking examinees. M–H identified 19 DIF items, whereas SIBTEST
identified 27 DIF items on the 55-item test. Moreover, all 19 items identified by
M–H were also identified by SIBTEST suggesting that M–H is a more conserva-
tive DIF detection method. Similarly, Ercikan (1999) in examining comparability
of English and French versions of TIMSS items administered in Canada using the
logistic regression and item response theory (IRT) based DIF detection methods,
found moderate consistency between the two DIF detection procedures. The logis-
tic regression based DIF detection procedure identified 19% more DIF items than
the IRT based DIF detection procedure. These results strongly suggest that at least
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two DIF procedures should be used to establish a consistent and defensible pattern
of DIF when attempting to identify items that function differentially between lan-
guage groups. These three findings guided the research design used in this study.

IDENTIFYING SOURCES OF DIF

Even though DIF identification methods are commonly used for examining con-
struct comparability of tests for different groups, one of the limitations of these
methods is related to identification of sources of DIF. Ercikan (2002) reviewed
success levels in identifying sources of DIF and reported mixed levels of success in
these studies. She identified three factors that might affect success levels in identi-
fying sources of DIF using content or bilingual experts. The first is whether the re-
viewers have knowledge about DIF status of items. When the reviewers have
knowledge about the DIF status of items, the item review process becomes identi-
fying item characteristics that might be related to differences on the DIF items
only. This process does not allow any way of checking for accuracy of interpreta-
tions and may lead to inflated success rates.

The second factor is whether a single or multiple versions of tests are reviewed.
In multilanguage versions of tests, reviews of comparability of tests focuses on
comparability of format, content, and language and targets to identify more obvi-
ous differences. Reviews of a single version of DIF items for gender and ethnic
groups focus on context and content that might make the item biased for a group.
This type of a review attempts to identify subtleties in item content and context that
might lead to differential cognitive processes among comparison groups and is ex-
pected to be more complex.

The third factor that might affect success rates in identifying sources of DIF is
the number of potential sources of DIF. Different numbers of sources of DIF might
be at play even in multiple language versions of assessments depending on
whether a test is an achievement test, a licensure test, and whether the test is ad-
ministered in one country or multiple countries. For example, in achievement tests,
performance on the test is expected to be closely tied to the curricular coverage of
the item topic. Therefore, differences in curriculum and instruction are expected to
be important factors affecting DIF in achievement tests. Licensure tests, on the
other hand, are designed to assess minimum competency and performance is ex-
pected to be affected by curricular differences to a lesser degree. Therefore, curric-
ular differences in licensure tests may not be important sources of DIF. The larger
numbers of potential sources of DIF are expected to make the identification and
disentangling of sources of DIF more complex.

The implication of DIF and differences in constructs assessed for the groups
cannot be examined without knowledge about the sources of DIF. Therefore, one
of the important components of this study is identification of sources of DIF.
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PURPOSE OF THIS STUDY

The focus of this article is the comparability of multiple language versions of tests
and in particular English and French versions of Canadian SAIP tests. The compa-
rability issues examined in this study exist in international assessments or other
multilingual versions of assessments of achievement. In addition to providing re-
sults regarding the degree of comparability that can be expected in such assess-
ments, this study demonstrates methodology used in examining construct compa-
rability and identifying sources of incomparability in multiple language versions
of tests. Two sources of differences, adaptation related and curricular, in constructs
assessed by the two language versions of tests are considered. These two sources
are expected to be important differences between the two language groups that
may lead to DIF. This article describes and discusses strategies used in examining
comparability of multiple language versions of tests and identifying sources of
DIF in multilanguage assessments in which multiple factors are expected to be
causing DIF. Three strategies are used for identifying adaptation and curricular dif-
ferences as sources of DIF: (a) judgmental reviews by multiple bilingual transla-
tors of all items, (b) cross-validation of DIF in two age groups, and (c) examination
of the distribution of DIF items by curricular topic area. Other major factors that
might affect DIF, such as cultural and instructional differences, are not examined,
therefore interpretations of DIF are not exhaustive. Rather, an evidence gathering
approach is taken where analyses are conducted to gather evidence that may pro-
vide support for or against the following hypotheses:

1. DIF is due to adaptation effects: Two types of evidence were used to sup-
port this hypothesis. First was identification of differences in meaning,
structure, and format between translated versions of items in judgmental
reviews. Second was the cross-validation of DIF in one other comparison.

2. DIF is due to curricular differences: Clustering of DIF items that are all in
favor or against the same group in a curricular topic area, such as Algebra,
was interpreted as evidence supporting the hypothesis that there was an as-
sociation between DIF and that topic area. In other words, DIF may be due
to curricular differences in relation to this topic.

METHOD

Data

Data from Canada’s national examination, the SAIP, developed by the Council of
Ministers of Education (CMEC), were used for evaluating the comparability of
test items and assessment results from the English and French versions of tests in
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three content areas. SAIP assesses 13-and 16-year old students in the areas of lan-
guage arts, mathematics, and science. The examinations in this testing program are
developed in both English and French and are designed to be equivalent for the
English- and French-speaking examinees. According to the information presented
in the SAIP reports about the bilingual test development process, items were devel-
oped by both English- and French-speaking test developers using a simultaneous
test development model given in the following description:

From the outset, the instruments were developed by English- as well as by
French-speaking educators working together for the purpose of eliminating any pos-
sible linguistic bias. Whether they wrote in French or in English, the students re-
sponded to the same questions and executed the same tasks. Consequently, the statis-
tical results presented for each language group in this report can be compared with
reasonable confidence (CMEC , 2000).

No empirical analyses are presented to support the assumption that the English and
French forms are parallel.

This study presents results from the mathematics, reading, and the science as-
sessments, administered in 1997, 1998, and 1999, respectively. Each assessment is
administered to a random sample of 13-year-olds and 16-year-olds from all prov-
inces and territories. Each of the assessments is briefly described next.

Reading. The SAIP Report on Reading and Writing Assessment
(CMEC,1998) indicated that this assessment included a booklet of readings from
recognized literature, essays, and newspaper articles. Some readings are complete
articles and some are excerpts of longer works. The selections represented varying
lengths (up to four pages), different genres, and various degrees of difficulty. After
reading the materials, students were asked to answer multiple-choice questions
and also to respond in writing to specific questions and tasks. During the reading
assessment, students are presented with three types of questions: (a) interpretive
questions that require students to demonstrate an understanding of the reading pas-
sages at literal and figurative levels, (b) evaluative questions that ask students to
make judgments about textual information and the author’s purposes, and (c) ex-
tension and extrapolation questions that require the student to relate concepts in
the texts to their personal experiences, explaining the links clearly. There were
three forms, A, B, and C, of the SAIP Reading tests, that were randomly assigned
to the examinees. The two language versions of Forms B and C had different pas-
sages and associated questions in the two languages and therefore were not compa-
rable. As a result, only Form A, which had 22 multiple-choice items, was used in
examining the comparability of the English and French versions of Reading tests
in this study.
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Mathematics. The mathematics assessment was designed to evaluate stu-
dents’ understanding of mathematics content including their knowledge of num-
bers and operations, algebra and functions, measurement and geometry, and data
management and statistics. The SAIP Report on Mathematics Assessment
(CMEC, 1997) indicated that there were two test booklets: Booklet 1 contained 27
background questions, 15 multiple-choice placement questions, and 110 questions
grouped in five sections according to levels of performance; Booklet 2 contained
space for recording answers. All students began with the background questions
and then moved on to the placement test. When the 15-question placement test was
completed, students raised their hands to indicate this, and the supervising teacher,
using a template over the appropriate section, immediately scored their responses.
Students who scored 0 to 10 were to begin the 110 questions at Question 16 (Sec-
tion A). Students who scored 11 to 13 were to begin at Question 41 (Section B).
Students who scored 14 or 15 were to begin at Question 66 (Section C). The 110
questions were a combination of multiple-choice and constructed-response ques-
tions.

Science. The science assessment was designed to test general knowledge
and concept of science and inquiry skills, as well as the relation of science to tech-
nology and societal issues. The SAIP Report on Science Assessment (CMEC,
1999) indicated that the written component of the assessment included multi-
ple-choice and constructed-response questions related to general scientific knowl-
edge. All students writing this assessment began by doing 12 questions, which
constituted Form A. On the basis of their scores on those 12 questions, students
were directed to a subsequent particular set of color-coded pages in their test book-
let. Those examinees who scored less than 8 were assigned to Form B and those
who scored 8 or more were assigned to Form C. Each form contained 66 items that
were a combination of multiple-choice and constructed-response questions.
Examinees were only asked to complete the 66 items in their assigned booklet (un-
like math, in which the examinees were asked to write as many items as they could
in the allotted time). The sample size and numbers of items by item type for each
assessment are presented in Table 1.

Identification of DIF

Two DIF detection methods were used to identify items on the SAIP reading,
mathematics, and science achievement tests that may be functioning differentially
between English- and French-speaking examinees. DIF items were identified us-
ing an application of the Linn–Harnisch (L–H) method (Linn & Harnisch, 1981) to
IRT-based item parameters and the Simultaneous Item Bias Test (SIBTEST;
Shealy & Stout, 1993). These two approaches are not expected to give identical re-
sults but are used to verify and confirm the DIF status of the items analyzed.
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Due to the multistage nature of SAIP, in some of the test forms, only portions of
items are administered to students. This administration procedure creates missing
data for these forms that cannot be analyzed using SIBTEST. In the IRT based DIF
procedure, however, the responses to items that are not administered to examinees
can be considered as missing (not-reached items) and included in the analyses.
Consequently, items on the mathematics test (which draws heavily on the multi-
stage testing approach) were analyzed only with L–H. The two methods are de-
scribed next.

IRT-based L–H. IRT provides a coherent conceptual framework for study-
ing DIF (Ackerman, 1992; Hambleton, Swaminathan, & Rogers, 1991; Lord,
1980). Lord (1952) initially proposed a theory based on the item characteristic
curve (ICC) that allowed researchers to model the relation between an
unobservable latent trait believed to characterize test performance and the proba-
bility that an examinee would correctly solve a test item. ICCs facilitate the com-
parison of item level performance across groups after controlling for differences in
group ability. If a test item has the same ICC for every group, then examinees of the
same ability level will have the same chance of correctly answering the item. Alter-
natively, if a test item has a different ICC for one group compared to another, then
the item is functioning differently across the groups (Lord, 1980). Several statisti-
cal procedures are used to quantify and test for the significance of the differences
between group ICCs. One of the simplest procedures for quantifying DIF and test-
ing for significance is the L–H statistic (Linn & Harnisch, 1981). This procedure is
used to compute, for each item, the observed and expected mean response and the
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TABLE 1
Sample Size and Number of Items for the SAIP Reading,

Mathematics, and Science Assessments

Number of Students

Number of Items 13-year-olds 16-year-olds

Content Area MC CR Total English French English French

Reading
Form A 22 0 22 3,230 1,097 2,934 959

Mathematics 75 50 125 9,029 3,509 8,104 2,719
Science

Form A 10 2 12 8,961 3,166 8,263 3,024
Form B 40 26 66 4,585 1,581 2,296 904
Form C 40 26 66 4,362 1,548 5,924 2,114

Note. SAIP = School Achievement Indicators Program; MC = multiple choice; CR = constructed
response.



difference between them (observed minus predicted) by deciles of the specified
subgroup and for the subgroup as a whole. The expected values are computed us-
ing the parameter estimates obtained from the entire sample, and the θ estimates
(ability estimates) for the members of the specified subgroup. The differences be-
tween observed and expected mean responses are used to calculate a chi-square
statistic. For large sample sizes (greater than 30), the chi-square statistics with k
degrees of freedom can be approximated by the Standard Normal Distribution us-
ing Zp = (χ2 p– k) / (2k)½ where Zp is the pth percentile of the standard normal distri-
bution. The items with Z-statistic greater than 2.58 were identified as functioning
significantly differently for the two comparison groups at α = 0.005 level. Differ-
ent degrees of DIF classified as follows: An item is classified as Level 3 DIF if the
absolute value of the obtained minus the expected mean is greater than 0.10, and
also the corresponding absolute Z value is |Z| > 2.58. If |Z| > 2.58 but the expected
mean difference is less than 0.10 then the item is classified as a Level 2 DIF item.
Items with |Z| < 2.58 are classified as Level 1, which indicates that the item is DIF
free.

In the L–H procedure, multiple-choice items were calibrated using the
three-parameter logistic (3-PL) model (Lord, 1980) and the open-ended items
were calibrated using the two-parameter partial credit (2-PPC) model (Yen, 1993).
The 2-PPC model is a special case of Bock’s (1972) nominal model and is equiva-
lent to Muraki’s (1992) generalized partial credit model. Similar to the generalized
partial credit model, in 2-PPC, items can vary in their discriminations and each
item has location parameters, one less than the number of score levels. The cali-
brations were conducted simultaneously for the two item types using marginal
maximum likelihood estimation procedure. This procedure was implemented
using PARDUX, an IRT calibration and analysis software developed by CTB/
McGraw-Hill (1991).

SIBTEST. DIF statistical analyses were conducted for the reading and sci-
ence test items using the SIBTEST. SIBTEST is a nonparametric method for de-
tecting differential item and test functioning that was developed as an extension of
Shealy and Stout’s (1993) multidimensional model for DIF. In this framework,
DIF is conceptualized as a difference in the probability of selecting a correct re-
sponse, which occurs when individuals in groups with the same levels of the latent
attribute of interest (θ), possess different amounts of nuisance abilities (h) that
might influence their item response patterns.

The statistical hypothesis tested by SIBTEST is:

H0: B(T) = PR (T) – PF (T) = 0
vs.

H1: B(T) = PR (T) – PF (T) ≠ 0,
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where B(T) is the difference in probability of a correct response on the studied item
for examinees in the reference and focal groups matched on true score; PR(T) is the
probability of a correct response on the studied item for examinees in the Refer-
ence group with true score T; and PF(T) is the probability of a correct response on
the studied item for examinees in the focal group with true score T . With the
SIBTEST procedure, items on the test are divided into two subsets, the suspect
subtest and the matching subtest. The suspect subtest contains items that are sus-
pected of having DIF and the matching subtest contains items that, ideally, are
known to be unbiased and measure only the primary dimension on the test. Linear
regression is used to estimate corresponding subtest true score for each matching
subtest score. These estimated true scores are adjusted using a regression correc-
tion technique to ensure the estimated true score is comparable for the examinees
in the reference and focal groups on the matching subtest (Shealy & Stout, 1993).
In the final step, B(T) is estimated using �B, which is the weighted sum of the differ-
ences between the proportion-correct true scores on the studied item for examinees
in the two groups across all score levels. SIBTEST provides an overall statistical
test and a measure of the effect size for each item (�B is an estimate of the amount of
DIF). According to Roussos and Stout (1996, p. 220) the following �B values are
used for classifying DIF as negligible, moderate, and large:

• Negligible or Level 1 DIF: Null hypothesis is rejected and |�B| < 0.059.
• Moderate or Level 2 DIF: Null hypothesis is rejected and 0.059 ≤ |�B| < 0.088.
• Large or Level 3 DIF: Null hypothesis is rejected and |�B| ≥ 0.088.

Adaptation Review Process

Four bilingual French–English translators completed a blind review of the SAIP
items for identifying potential sources of DIF and adaptation problems. The trans-
lators were fluent in both languages and had extensive experience in teaching.
Their teaching experiences ranged between 5 to 10 years at high school levels
teaching in the areas of mathematics, science, English-as-a-second-language and
French-as-a-second-language. The adaptation review process not only requires the
identification of differences in the two language versions but judgments regarding
whether the differences are expected to lead to performance differences for the two
language groups as well. Therefore, experience in teaching and familiarity with
student thinking processes were considered to be important characteristics of
translators as well. The translators were asked to evaluate the equivalence of Eng-
lish and French versions of test items and rate their equivalence according to the
following criteria:

0—No difference in meaning between the two versions;
1—Minimal differences in meaning between the two versions;
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2—Clear differences in meaning between the two versions but they may not
necessarily lead to differences in performance between two groups;

3—Clear differences in meaning between the two versions that are expected to
lead to differences in performance between two groups.

The review process consisted of three stages: (a) group review of sample of
items to discuss and understand criteria involved in reviewing the items, (b) in-
dependent review of each item by four reviewers, and (c) group discussion and
consensus for rating adaptation differences between the two language versions
of the items. Form A of the reading items, a random sample of mathematics
items, which included all mathematics DIF items, and all of the science items
were reviewed.

RESULTS

The comparability of the English and French versions of SAIP test items were con-
ducted separately for 13- and 16- year-olds, for each of the content areas, reading,
mathematics, and science. These analyses used L–H and SIBTEST methods to
identify differentially functioning test items for the two language groups. The rep-
lication of DIF analyses for the two age groups contributed to our evaluation of the
comparability of the two language versions of SAIP in two ways: (a) the verifica-
tion of findings from one age group with another and (b) the relative comparability
of English and French versions of SAIP for the two age groups. DIF captures simi-
larity of constructs being assessed in the two comparison groups. This similarity is
expected to be somewhat different in each of the age group comparisons due to dif-
fering degrees of similarities with curriculum and instruction. In addition, small
differences in adapted versions of tests may lead to DIF in one age group but not
the other due to differences in ability distributions as well as differential effects of
item language, content, and format on examinee performance in that population.
However, if DIF is replicated in both age group comparisons, it can provide an ad-
ditional source of evidence for supporting the interpretation that DIF may be due to
adaptation differences.

The following sections summarize findings regarding the comparability of DIF
results using the two DIF detection methods, the degree of DIF in the English and
French versions of the items, and evidence supporting whether DIF was due to ad-
aptation effects or curricular effects.

Comparability of L–H and SIBTEST Results

The two DIF detection methods were used to identify items in Form A of reading
and across all forms in science. Only the L–H method was used to identify DIF in
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Mathematics because the multistage administration design for this test created a
sparse data matrix, that could not be analyzed using SIBTEST. Overall, the L–H
method consistently identified more items compared to SIBTEST. This difference
in the number of flagged items ranged from 5% to 17% of the number of possible
items, depending on content area, and the age of the students. In reading, there was
only a difference of one item, for both ages. Conversely, in the science assessment
for the 13-year-olds, the L–H method flagged 25 more items than SIBTEST. All
items that were flagged by both detection methods were consistent in their indica-
tion of which population, the English- or the French-speaking students, were fa-
vored by a particular DIF item, although the degree of DIF, whether a Level 2 or 3
DIF, was often different. Specifically, when there was a difference in the degree of
DIF, SIBTEST consistently would indicate a higher level of DIF. Table 2 provides
a summary of the number of items identified by each statistical procedure, and the
degree of overlap, separately by content area and age.

Reading (Form A). A large percentage of reading items were identified as
DIF. Using the L–H method, 8 of 22 items (36%) were identified as DIF for
13-year-olds, and 10 of 22 items (45%) were identified as DIF for the 16-year-olds.
All of these DIF items were at Level 2. At least half of the DIF items, 63% for
13-year-olds and 50% for 16-year-olds, favored the French-speaking students. The
number of DIF items that were identified as DIF by SIBTEST was one less than
that from the L–H analyses for each age group. For the 13-year-olds, 7 items (32%)
were identified as DIF, 4 of which were at Level 3. For the 16-year-olds, 9 items
(41%) were identified as DIF, 3 of which were at Level 3. Fewer than half of these
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TABLE 2
Classification of DIF by L–H and SIBTEST

Readinga Sciencec

SIBTEST DIF
Level

SIBTEST DIF
Level

Age Group L–H DIF Level 1 2 3 Mathematicsb 1 2 3

13-year-olds 1 11 1 2 78 63 0 2
2 4 2 2 45 27 15 27
3 0 0 0 2 0 0 10

16-year-olds 1 11 1 0 85 73 0 2
2 3 4 3 37 20 19 20
3 0 0 0 3 0 0 10

Note. DIF = differential item functioning; L–H = Linn–Harnisch; SIBTEST = Simultaneous Item
Bias Test.

a22 items. b125 items. c144 items.



DIF items, 43% for13-year-olds and 33% for the 16-year-olds, were in favor of the
French-speaking students.

Mathematics. Forty-eight mathematics items (38%) were identified as DIF
for the 13-year-olds and 41 mathematics items (33%) for the 16-year-olds. Two of
the DIF items for the 13-year-olds were at Level 3, and 3 of those for 16-year-olds
were at Level 3. Twenty-seven of the DIF items were the same for the two age
groups. For the 13-year-olds, the DIF items were approximately evenly distributed
between the language groups, whereas more items favored the French-speaking
group for the 16-year-olds. The same number of items (23) favored the
French-speaking group, but this number was 49% of the DIF items for the
13-year-olds and 58% of the DIF items for the 16-year-olds.

Science. Using the L–H method, across all three science forms, 79 items
(55%) were identified as DIF for the 13-year-olds and 67 items (47%) for the
16-year-olds; 10 of these DIF items were identified to be at Level 3 for each of the
age groups. A smaller number of items were identified as DIF by the SIBTEST
method: 54 items (38%) for the 13-year-olds and 51 items (35%) for the
16-year-olds. Yet, larger numbers of items were identified to be at Level 3. For
13-year-olds, 39 Science DIF items were identified to be at Level 3, and for
16-year-olds, this number was 32. The L–H method identified a larger number of
DIF items favoring the French-speaking group than SIBTEST, (53% for
13-year-olds and 51% for 16-year-olds). Similar to the DIF patterns in reading,
larger numbers of DIF items were identified by SIBTEST for the English-speaking
group (54% for 13-year-olds and 55% for 16-year-olds).
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TABLE 3
Number of DIF items in Reading Form A, Mathematics and Science

13-year-olds 16-year-olds

Pro-English Pro-French Pro-English Pro-French

Content Area L–H SIBTEST L–H SIBTEST L–H SIBTEST L–H SIBTEST

Readinga 3 4 5 3 5 6 5 3
Mathematicsb 24 23 17 23
Science

Form Ac 4 1 3 3 3 2 3 3
Form Bd 19 18 22 12 13 14 13 11
Form Cd 14 10 17 10 17 12 18 9

Note. DIF = differential item functioning; L–H = Linn–Harnisch; SIBTEST = Simultaneous Item
Bias Test.

a22 items. b125 items. c12 items. d66 items.



DIF Attributed to Adaptation Differences

To evaluate the degree to which DIF may be due to differences caused by adapta-
tion, reviewers rated the equivalence of the two language versions of the items. The
results of the DIF analyses and their corresponding judgmental review ratings are
displayed in Table 4 for reading, mathematics, and science, respectively. The focus
of this table is the degree to which DIF items were identified to have adaptation re-
lated differences; therefore, the judgmental review ratings of items that were not
identified as DIF are not presented. All of mathematics DIF items and reading and
science items that were identified as DIF by both DIF detection methods were in-
cluded. A rating of 0 or 1 indicates no or only minor adaptation problems; a rating
of 2 indicates serious adaptation problems that may lead to performance differ-
ences; a rating of 3 indicates serious adaptation problems that were expected to
lead to performance differences. The information in this table is expected to be
used as evidence supporting interpretations that adaptation related differences
were the source of DIF. Another source of supporting evidence for this interpreta-
tion is if DIF items are replicated for both age groups. Therefore, the number of
items that were identified as DIF for both age groups by both DIF detection meth-
ods is reported in the last column of the table along with their judgmental review
ratings.

As summarized in Table 4, all of the reading DIF items were identified to have
adaptation related differences. Among the four DIF items for the 13-year-olds,
three were also identified as DIF for the 16-year-olds.
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TABLE 4
Differential Item Functioning and Judgmental Review Ratings

Content Area
Judgmental

Review Rating 13-Year-Olds 16-Year-Olds

Common
Across 13- and
16-Year-Olds

Reading 0–1 0 0 0
2 3 3 2
3 1 4 1

Mathematics 0–1 30 25 17
2 11 9 5
3 6 6 4

Science 0–1 24 27 18
2 17 12 10
3 11 10 7

Note. Judgmental review rating: 0–1 - minimal or no difference in meaning between the two ver-
sions; 2 - clear differences in meaning between the two versions, but they may not necessarily lead to
differences in performance between two groups; 3 - clear differences in meaning between the two ver-
sions that are expected to lead to differences in performance between two groups.



In mathematics, 17 out of 47 DIF items (36%) for 13-year-olds and 15 out of 40
DIF items (38%) for 16-year-olds were identified as having adaptation related dif-
ferences. Twenty-six DIF items replicated for both age groups, 9 of which were
identified to have adaptation related differences.

In the science comparisons, out of 144 items, 52 items were identified as DIF
for 13-year-olds and 49 items for 16-year-olds by both methods. Thirty-five of
these items replicated for both age groups. Twenty-eight of the DIF items (54%)
for the 13-year-olds were interpreted to have adaptation related differences.
Twenty-two of the DIF items (45%) for the 16-year-olds were interpreted to have
adaptation related differences, 17 of which were the same as the items identified as
DIF for the 13-year-olds.

DIF Attributed to Curricular Differences This section summarizes the de-
gree to which DIF may be due to curricular differences by examining the relative
distribution of DIF items by topic area for mathematics and science separately.
Clustering of large proportions of DIF items by topic area in favor of or against a
particular group was interpreted as DIF due to curricular differences. This ap-
proach for clustering of DIF items was conducted for mathematics and science for
which items were categorized by topic and was not conducted for reading items
which did not have such categorization. Tables 5 and 6 display the number of items
identified as DIF by both L–H and SIBTEST by topic area for mathematics and
science, respectively.

Mathematics DIF items by topic. There were four topic areas in mathe-
matics: algebra and functions, measurement and geometry, numbers and opera-
tions, and data management and statistics. Each of the mathematics topic areas had
a considerable number of DIF items (between 22% and 46%). While the algebra
and functions and numbers and operations DIF items were evenly distributed be-
tween language groups for both 13- and 16-year-olds, for measurement and geom-
etry and data management and statistics DIF items clustered more in favor of one
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TABLE 5
The Relative Distribution of Mathematics Items Identified as Differential

Item Functioning Items by Linn–Harnisch, by Curricular Topic Area

13-Year-Olds 16-Year-Olds

Curricular Topic Pro English Pro French Pro English Pro French

Algebra and functionsa 5 7 7 8
Measurement and geometryb 2 8 0 8
Numbers and operationsc 11 7 5 6
Data management and statisticsd 6 1 5 1

a32 items. b37 items. c39 items. d17 items.



language group compared to the other. For example, 80% of the measurement and
geometry DIF items for the 13-year-olds and 100% of the DIF items for the
16-year-olds in this topic area were in favor of the French-speaking examinees.
Large proportions of the data management and statistics DIF items were in favor of
the English-speaking-examinees. In this topic area, 86% of the DIF items for
13-year-olds and 83% of the DIF items for 16-year-olds were in favor of the Eng-
lish-speaking examinees. This pattern of results provided support for the interpre-
tation that measurement and geometry DIF items in favor of the French-speaking
group and data management and statistics DIF items in favor of the Eng-
lish-speaking group might be due to curricular differences.

Science DIF items by topic. There were six topic areas in science: biology,
chemistry, earth, physics, nature of science, and science technology in society.
Similar to the interpretation of mathematics DIF items, when large proportions of
DIF items in a curricular topic area were in favor of one group, DIF was interpreted
as due to a potential curricular difference. In science, similar to the mathematics
results, all topic areas had a considerable number of DIF items (between 25% and
46%). For nature of science and science technology in society, most of the DIF
items were in favor of the English-speaking group (for both 13- and 16-year-olds).
Seventy-one percent and 86% (13- and 16-year-olds, respectively) of the nature of
science DIF items were in favor of the English-speaking group. Seventy-three per-
cent and 77% of the science technology in society DIF items (for 13- and
16-year-olds, respectively) also favored the English-speaking group. DIF items
were more evenly distributed on the other four topic areas. This pattern of results
suggests that DIF items favoring the English-speaking group in nature of science
and science technology in society may be due to curricular differences.
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TABLE 6
The Relative Distribution of Science Identified as DIF Items

by Linn–Harnisch and Simultaneous Item Bias Test DIF Items,
by Curricular Topic Area

13-Year-Olds 16-Year-Olds

Curricular Topic Pro English Pro French Pro English Pro French

Biologya 4 6 3 5
Chemistrya 5 3 3 4
Eartha 2 6 2 4
Physicsa 3 5 3 5
Nature of scienceb 5 2 6 1
Science technology in societyb 8 3 10 3

a22 items. b28 items.



SUMMARY AND DISCUSSION

This article examined the degree of comparability and sources of incomparability
of the English and French versions of SAIP tests across three content areas. The re-
sults point to substantial psychometric differences between the two language ver-
sions of tests at the item level. In reading comparisons, approximately 18% to 31%
of the items were identified as DIF by both detection methods across the two age
groups. In mathematics, only the L–H DIF detection method was used. Based on
this method, 32% to 37% of the items displayed DIF for the two language groups
across the two age groups. In the science comparisons, 32% to 36% of the items
were identified as DIF by both methods for 13- and 16-year-olds. These results re-
veal that a relatively large number of DIF items were identified, a finding reported
by other researchers in the area of test translation and adaptation (e.g., Allalouf,
Hambleton, & Sireci, 1999; Ercikan, 1999; Ercikan & McCreith, 2002; Gierl,
Rogers, & Klinger, 1999; Gierl & Khaliq, 2001).

Some differences were observed between the DIF detection patterns of L–H
and SIBTEST that are worth noting and will require further investigation. First, the
L–H DIF detection method identified larger numbers of DIF items. Second,
SIBTEST identified more DIF items for English-speaking examinees in both read-
ing and science. Third, SIBTEST identified much greater numbers of Level 3 DIF.
In fact, in three out of four tests that it was used to identify DIF, it identified more
Level 3 DIF items than Level 2 DIF items. Further analyses need to be conducted
to examine the relative sensitivity of the two methods to DIF, whether either of the
methods are biased in detecting DIF in one direction or the other and classification
of different levels of DIF.

Reviews of adaptations identified 36% to 100% of DIF items to have differ-
ences due to adaptations in the three content areas and across two age groups. In
addition to reviews by bilingual translators, two other approaches were taken to
help interpret sources of DIF. First, DIF analyses for two age groups were repli-
cated. Second, curricular differences as a potential source of DIF were investigated
by examining grouping of DIF by curricular area. Even though DIF analyses in the
two age group comparisons is not expected to be identical, if DIF is indeed due to
adaptation effects, it is reasonable to expect that adaptation differences would lead
to differential functioning in both of the comparisons. As can be seen from the re-
sults, DIF items associated with adaptation differences were, in fact, replicated in
both comparisons in 75% of the cases in reading, 71% of the cases in mathematics,
and 61% of the cases in science.

Clustering of DIF items by topic provided curricular differences as source of
DIF only for small portions of the DIF items, approximately 25% to 17% of the
mathematics DIF items and 27% to 33% of the science DIF items. Some of the DIF
items that were attributed to curricular differences were also identified to have ad-
aptation related differences. The number of items that were attributed to adapta-
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tion, curricular, both of these sources, and those DIF items sources of which could
not be identified are presented in Table 7. As can be seen in this table, 7 out of 17
mathematics DIF items for 13-year-olds and 4 out of 22 mathematics DIF items for
16-year-olds that were interpreted to have adaptation related differences were also
attributed to curricular differences. These DIF items may indeed be due to both ad-
aptation and curricular differences. It is also possible that the degree of effect of
these differences on DIF and whether these are in fact the sources of DIF cannot be
determined without further investigation using experimental designs and examina-
tion of student cognitive processes.

There were large portions of DIF items that could not be attributed to adapta-
tion-related or curricular differences, which is another finding reported by some
researchers in this area (e.g., Ercikan, 2002; Gierl et al., 1999; Gierl & Khaliq,
2001). For example, for the 13-year-olds, 42% of the mathematics DIF items and
41% of the science DIF items were not linked to the two sources of DIF examined
in this study. In addition to the possibility that the procedures used in this study did
not identify all DIF items that were associated with adaptation or curricular differ-
ences, several factors that were not considered in this article could be potential ex-
planations for DIF. Among these include differences in instruction methods, cul-
tural differences, and limitations in definitions of topics.

The findings of this study further highlight that comparability of language ver-
sionsofassessmentscannotbeassumed,andempiricalexaminationsofcomparabil-
ity is essential to validity of interpretations. In addition, multiple sources of incom-
parability need to be considered. Further research needs to investigate the range of
differences in examinees and tests that may contribute to differences in constructs
assessedbyitemsandtestsandwaysofdisentangling thesesourcesofdifferences.
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TABLE 7
Numbers and Percentages of Differential Item Functioning Items

with Adaptation and Curricular Interpretations

Content
Area

Adaptationa Curriculum

Adaptation
and

Curriculum Uninterpreted
Total

NumberAge n % n % n % n %

13-year-olds Reading 4 (3) 100 — — 0 4
Mathematics 17 (9) 36 14 30 7 15 23 49 47
Science 28 (17) 57 13 27 4 8 12 24 49

16-year-olds Reading 3 (3) 43 — — 4 57 7
Mathematics 15 (9) 38 13 33 5 13 17 43 40
Science 22 (17) 45 16 33 4 8 15 31 49

aNumbers in parentheses indicate number of items that were identified as differential item function-
ing for both age groups.
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