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Item bias is a serious concern for test developers and test users. Bias results in systematic errors
that distort the inferences made from a test for members of a particular group such as Female,
Native, or French-speaking examinees. Bias occurs when items are worded in such a way that
examinees from a specific group who are knowledgeable about the construct of interest are prevented
from demonstrating their knowledge. In most cases, test items are biased because they contain
sources of difficulty that are irrelevant or extraneous to the construct being tested, and this difficulty
factor adversely affects test performance (Camilli & Shepard, 1994).

Bias is also a concern when a test is translated or adapted from one language or culture to
another (Allalouf & Sireci, 1998; Budgell, Raju, & Quartetti, 1995; Hambleton, 1994). For example,
the meaning of an item can change during test translation. Hambleton (1994, p. 235) provides one
illustrative example. In a Swedish-English comparison, English-speaking examinees were presented
with this item:

Where is a bird with webbed feet most likely to live?

a. inthe mountains

b. inthe woods

C. inthe sea

d. inthe desert.
In the Swedish translation the phrase “webbed feet” became “swimming feet” thereby providing an
obvious clue to the Swedish-speaking examinees about the correct option for this item. This type of
testing problem has an important and obvious consequence: A difference in student performance
resulting from such an item may be attributed to a group difference in achievement that is unfounded

because the item is not equivalent across the two language groups.

Differential Iltem Functioning, Item Bias, and ltem Impact

Differential item functioning (DIF) is present when examinees from different groups have a

different probability or likelihood of answering an item correctly, after controlling for overall ability
(Shepard, Camilli, & Averill, 1981). Once identified, DIF may be attributed to item bias or to item
impact. Item bias is defined as invalidity or systematic error in how a test item measures a construct
for the members of a particular group (Camilli & Shepard, 1994, p.8). It is systematic because it
constantly distorts performance for members of the group. When a test item unfairly favors one
group of examinees compared to another, the item is biased. Alternatively, group disparity in item

performance that reflects actual knowledge and experience differences on the construct of interest is
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called item impact. Impact is also constant for the members of a particular group but these effects
reflect performance differences that the test is intended to measure (Clauser & Mazor, 1998).

The link between DIF, bias, and impact is largely methodological: Statistical analyses are used
to identify items with DIF and judgmental analyses are used to determine if DIF is attributable to bias
or to impact for members of a specific group. Reviews intended to evaluate the fairness of an item
cannot proceed as either a statistical or a judgmental analysis; both procedures are needed (Linn,
1993; van de Vijver, 1994).

Purpose of Study

Statistical and substantive issues in test translation are addressed in this study. First, the results
from three statistical methods designed to identify DIF are compared: Mantel-Haenszel,
Simultaneous Item Bias Test, and logistic regression. Currently, all three methods are popular but
few studies have compared the outcomes from these procedures using a large sample of student
response data from a major testing program. In the present study, English- and French-speaking
examinees who wrote a Grade 6 Mathematics and Social Studies achievement test are compared. A
new DIF effect size measure used with the logistic regression procedure, as proposed by Zumbo and
Thomas (1996), is also evaluated by comparing the results from this measure against existing effect
size measures used with the Mantel-Haenszel procedure and the Simultaneous Item Bias Test.

Second, the utility of back-translation, as a judgmental method for interpreting DIF, is evaluated.
Recall, the distinction between DIF, item bias, and item impact is important since DIF is a statistical
concept and bias and impact are substantive concepts. Judgmental reviews intended to evaluate the
equivalence of a test should rely on both statistical and judgmental analyses. In the present study,
back-translation is used to identify items that differ in meaning between the English and French forms
of the tests. There is no attempt to account for item impact. Judgmental reviews that yield
interpretable results are essential for identifying items with translation differences and for controlling
this problem in future forms of the test. The efficacy of back-translation for achieving this outcome
will be evaluated by comparing the results from two back-translations of the same test against the

original test and against the statistical outcomes.
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Overview of Statistical and Judgmental Procedures
Statistical and judgmental procedures are used to establish the equivalence between source (i.e.,
original) and target (i.e., translated) language tests. In the first section, the three popular statistical
procedures are briefly reviewed and compared. In the second section, the back-translation procedure is
reviewed and a modified design is presented.

Mantel-Haenszel

Mantel-Haenszel (MH) is a nonparametric approach for identifying DIF (Mantel & Haenszel,
1959; Holland & Thayer, 1988). MH vyields a chi-square test with one degree of freedom to test the
null hypothesis that there is no relation between group membership and test performance on one item
after controlling for ability. The MH procedure is also used to estimate the constant odds ratio that
yields a measure of effect size for evaluating the amount of DIF. MH is computed by matching
examinees in each group on total test score and then forming a 2-by-2-by- K contingency table for
each item, where K is the score level on the matching variable of total test score.

Research at the Educational Testing Service has resulted in proposed values for classifying the
DIF effect size measure at the item level. DIF is considered negligible when the effect size measure,

D, . is not significantly different from 0 and the magnitude of the¥2D,,, %.<1. DIF is considered
moderate when D,,, is significantly different from 0 and 1£%2D,,, ¥.<1.5. DIF is considered large

when D, is significantly greater than 0 and ¥2D,,,, ¥2* 1.5. (Zieky, 1993, p. 342; Zwick & Ercikan,

1989). These ratings are referred to as A-, B-, and C-level DIF to denote negligible, moderate, and
large amounts of DIF.

Simultaneous Item Bias Test

The Simultaneous Item Bias Test (SIBTEST) is an alternative statistical method for detecting
DIF proposed by Shealy and Stout (1993). SIBTEST is intended to model multidimensional data,
although it can be used for unidimensional data as well. The statistical hypothesis tested by SIBTEST
is:
Ho: B(T) = PR(T) - PF (T) =0

VS.
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Hl: B(T) = PR(T) - PF (T) ! O'
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 Reference 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. In other words B(T), the parameter representing the amount of unidimensional DIF when

a single test item is evaluated, is 0 when there is no DIF and nonzero when DIF is present. With the
SIBTEST approach, items on the test are divided into two subsets, the suspect subtest and the

matching subtest. The suspect subtest contains the biased item and the matching subtest contains

the rest of the items. For each matching subtest score, K, the corresponding subtest true score for
the Reference and Focal groups is estimated using linear regression. The estimated true scores are
then adjusted using a regression correction technique to ensure that the estimated true score is

comparable for the examinees in the Reference and Focal groups on the matching subtest. In the

A

final step, B(T) is estimated using B which is the weighted sum of the differences between the

proportion-correct true scores on the studied item for examinees in the two groups across all score
levels.

Like the MH procedure, SIBTEST yields an overall statistical test as well as a measure of the

A

effect size for each item ( Bis an estimate of the amount of DIF). Roussos and Stout (1996, p. 220)

A A

suggested a range of values for interpreting B. When the null hypothesis is rejected and ¢ B ¢<

0.059, DIF is considered negligible; when the null hypothesis is rejected and 0.059 £ ¢B ¢<0.088, DIF

A

is considered moderate; and when the null hypothesis is rejected and ¢ B ¢3 0.088, DIF is considered
large. These guidelines are used to classify items in category A, B, or C (i.e., negligible, moderate,
and large amounts of DIF).

SIBTEST differs from MH in a number of ways. First, SIBTEST uses a regression estimate of

the true score instead of an observed score as the matching variable. As a result, examinees are
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matched on a latent rather than an observed score. Second, SIBTEST can be used to evaluate DIF
in two or more items simultaneously in the analysis. This feature allows the developer to assess DIF
more effectively in testlets or item bundles on an test (Douglas, Roussos, & Stout, 1996). Third,
SIBTEST can be used to assess DIF iteratively by, initially, using all items in the matching variable
and then systematically removing DIF items from the matching test until a subtest of items without
DIF is identified. SIBTEST performs similarly to MH in identifying uniform DIF even with small
samples of examinees (Narayanan & Swaminathan, 1994; Roussos & Stout, 1996).

Logistic Regression

A third approach commonly used to identify DIF is logistic regression (LR; Swaminathan &

Rogers, 1990). Logistic regression can detect both uniform and non-uniform DIF which provides a
distinct advantage over MH and SIBTEST since these two procedures were only designed to detect
uniform DIF. Uniform DIF exists when there is no interaction between ability level and group
membership. That is, the probability of answering an item correctly is greater for one group uniformly
over all ability levels. In item response theory terminology, uniform DIF is indicated by parallel item
characteristic curves. Non-uniform DIF occurs when there is an interaction between ability level and
group membership. In this case, the difference in the probabilities of a correct response for the two
groups is not the same at all levels of ability. Simulations studies have been conducted to
demonstrate that LR is, in fact, more powerful than MH and SIBTEST at detecting non-uniform DIF
(Narayanan & Swaminathan, 1996; Rogers & Swaminathan, 1993).

The presence of DIF in the LR approach is determined by testing the improvement in model fit
that occurs when a term for group membership and a term for the interaction between test score and
group membership are successively added to the regression model. A chi-square test is then used to
evaluate the presence of uniform and non-uniform DIF on the item of interest by testing each term
included in the model. The general model for logistic regression takes the form:

eZ

where U is the score on the studied item. Performance on the studied item is first conditioned on

total test score. In this step, z=Db +b, X, where X is the test score (Model 1). This serves as the
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baseline model. The presence of uniform DIF is then tested by examining the improvement in chi-
square model fit associated with adding a term for group membership (G ) against the baseline
model. That is, Model 1 subtracted from Model 2 (i.e., z=b,+b, X +b,G). The presence of non-
uniform DIF is tested by examining the improvement in chi-square model fit associated with adding a
term for group membership (G) and a term for the interaction between test score and group
membership ( XG ) against model 2. In other words, Model 2 subtracted from Model 3 (i.e.,
z=b,+b,X+b,G+Db,XG). Non-uniform DIF can be tested with LR regardless of the outcome

from the uniform DIF test because each model contains different terms.

Zumbo and Thomas (1996) developed an index to quantify the magnitude of DIF for the LR

procedure based on partitioning a weighted least-squares estimate of R’ that yields an effect size

measure (also see Pope, 1997; Thomas & Zumbo, 1996; Zumbo, 1999). This index is obtained, first,
by computing the R? measure of fit for each term in the LR model (i.e., test score, group

membership, test score-by-group membership interaction) and then by partitioning the R? for each of
the terms. A DIF effect size for the group membership term is produced by subtracting the R? for the

total test score term (Model 1) from the R for the group membership term (Model 2). The result is

an effect size measure associated with group membership that quantifies the magnitude of uniform
DIF (herein called R’D- U ). A second DIF effect size is produced for the total score-by-group

membership term by subtracting the R? for the group membership term (Model 2) from the R? for the
total score-by-group membership interaction term (Model 3). The result is an effect size measure

associated with the total score-by-group membership interaction that quantifies the magnitude of non-
uniform DIF (herein called RPD- N). As with the MH and SIBTEST effect size measures, R°Dcan

be used with the LR significance test to identify items with DIF. To-date, however, R’D has been

used sparingly with LR in DIF research.

Jodoin (1999) proposed guidelines for interpreting R°D (also see Gierl & McEwen, 1998). An

item has negligible or A-level DIF when the chi-square test for model fit is not statistically significant

or when R’D < 0.035. An item has moderate or B-level DIF when the chi-square test is statistically
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significant and when 0.035 £ R°D < 0.070. An item has large or C-level DIF when the chi-square

test is statistically significant and when R’D 3 0.070. These guidelines are applicable to both
uniform and non-uniform DIF and were used to classify DIF items in this study.

Back-Translation

Back-translation is a popular and well-known judgmental method for evaluating the equivalence
of two language forms (van de Vijver & Leung, 1997). In the basic design, the source language test is
first translated into the target language, then back-translated into the source language by a different
translator. The equivalence of the original source and target language forms is assessed by a
reviewer or committee of reviewers who compare the original and back-translated source language
forms for comparability in meaning (Brislin, 1970; Brislin, 1986; Hambleton & Bollwark, 1991; Werner
& Campbell, 1970).

The back-translation design has some notable advantages. For example, it enables the
researcher who is not fluent in the target language to evaluate the quality of the test translation by
comparing the original and back-translated source language forms. Researchers also agree this
method serves as a general check on translation quality, and that it can detect translation differences
(e.g., Ellis, 1989; Hambleton, 1993; Hulin, Drasgow, & Komocar, 1982; van de Vijver & Leung, 1997).
The back-translation design also has disadvantages. For example, the evaluation of test equivalence
is only conducted in one language, and there is no assurance that the findings in the source language
generalize to the target language because the source-to-target language translation is not directly
assessed. This problem stems from the assumption that errors made during the original translation
will not be made during the back-translation. However, this assumption may not hold in practice
when, for instance, skilled translators make adjustments in the translation to ensure the items are
equivalent even when the original source to target language items are different (Brislin, 1970;
Hambleton & Bollwark, 1991; Hambleton & Kanjee, 1995). This outcome may also occur if the back
translator improves the quality of the test in situations where the original translation is poor
(Hambleton, 1993). Finally, van de Vijver and Leung (1997) contend that the basic back-translation

design may result in a literal translation at the expense of connotations, naturalness, and
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comprehensibility across languages, especially when translators know their work will be evaluated
with back-translation.

Modified back-translation designs have been proposed to overcome some of the limitations in the
basic design (see, for example, Bracken & Barona, 1991; Brislin, 1986; Hambleton, 1993). In the present
study, another modification to the traditional back-translation design is presented and used. The proposed
design is an attempt to overcome the limitations in the basic design, as outlined above. The modified

design is presented in Figure 1.

Insert Figure 1 about here

In the modified design, the source language test is translated into the target language by the test
developer. Then, the target language test is independently back-translated into the source language by
two translators. Test equivalence is assessed by comparing the two back-translations and the original
source language test. Differences between the two back-translations and the source language highlight
potential translation problems. By using two back translators who work independently, individual
differences between them will decrease the likelihood that each will make the same adjustments to ensure
item equivalence when the original and source language items are, in fact, different. By using two back
translators, it is also unlikely that both will make the same changes to improve the quality of a text in
situations where the original translation is poor. Rather, different changes will be made resulting in
inconsistencies between the two forms thereby highlighting problems in the original translation. Finally,
the modified design has a check; the researcher can evaluate back translator consistency by comparing
their translations to one another in addition to comparing their translations to the original source language.

Method

Student Sample and Achievement Tests

Data from 4400 Grade 6 students (2200 English and 2200 French Immersion) who wrote the 1997
administration of a provincial Mathematics Achievement Test and 4400 Grade 6 students (2200 English
and 2200 French Immersion) who wrote the 1997 administration of a provincial Social Studies
Achievement Test were used. Because Canada has two official languages, different language groups can

be identified in many school districts. In this study, the English-speaking examinees represent the
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dominant language group since the majority of students receive instruction in this language at English-
speaking schools. English-speaking students are tested in English. Alternatively, the French Immersion
students are in programs where French is the language of instruction. Immersion programs are embedded
in English-speaking schools. The Immersion program is designed for students whose first language is not
French but who want to become functionally fluent in French and to develop an understanding and
appreciation of the French culture in addition to mastering English. Thus, French Immersion students are
linguistically distinct from English-speaking students. Immersion students are tested in French. The four
samples were randomly-selected from a database containing approximately 38000 English- and 3000
French-speaking Grade 6 students for each test administration.

The Mathematics test contained 50 multiple-choice items, and each item had four options. Test items
were classified into five curricular content areas and two cognitive levels. The Social Studies test
contained 49 multiple-choice items (the original test contained 50 items but one item was dropped due to
an obvious translation error), and each item had four options. Test items were classified into four
curricular content areas and two cognitive levels. For both tests, items were based on concepts, topics,
and facts from the province-wide Program of Studies. The test score does not necessarily contribute to a
student’s final course grade although teachers are encouraged to mark the tests and use the results for
student grading.

All items were developed in English by a committee of item writers and a test developer and
then translated into French using a four-step process. First, the items were translated from English to
French by one translator during item development. The translator made reference to the Program of
Studies and approved textbooks for grade level and subject specific terminology. Second, the
translated test was validated by a committee comprising at least one French immersion teacher and
one Francophone teacher along with a bilingual test developer. In this step, the comparability of the
English and French versions of the test was assessed by comparing the two forms. The validation
committee also referred to the Program of Studies and to appropriate textbooks during the validation
step. Once the committee had reviewed the test, the translator and test developer received
comments and feedback on the accuracy and appropriateness of the translated test. Third, the test
developer, acting on the recommendations of the committee, decided on the final changes. These

changes were made by the translator and the translated test was finalized. Fourth, both the test
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developer and the test development supervisor reviewed and finalized the translated test. The
translator in this process was a former teacher with 23 years experience in English-to-French
translation.

Statistical Analysis

Two of the three DIF statistics used in this study—Mantel-Haenszel and logistic regression—are
based on the assumption that the test is unidimensional. To assess this assumption, a confirmatory
factor analysis was conducted. The indicator variables in the confirmatory factor analysis were
created by summing the items in each curricular content area. A one-factor model was fit to both the
English and the French data for Mathematics and Social Studies using LISREL 8.14 (J6reskog &
Sorbom, 1996). In addition, a multiple-sample analysis was conducted to evaluate the factor
structure, factor loading, and error invariance across the English and French samples within the
Mathematics and Social Studies tests (Joreskog, 1971). Three nested models were sequentially
tested by equating the number of factors, factor loadings, and errors.

Confirmatory factor analytic models are assessed, in part, by using goodness-of-fit indices.
Many different fit indices are available to the researcher and yet, despite their abundance, few agree
on which index provides the best answer to the question of model fit (e.g., Mulaik, James, Van
Alstine, Bennett, Lind, & Stilwell, 1989; McDonald & Marsh, 1990; Bollen & Long, 1993). As a result,
three types of fit indices were used to assess each model. The first index is the chi-square statistic.
Chi-square is used to determine if the restrictive hypothesis tested can be rejected. A model is
considered to have acceptable fit if the difference between the variance-covariance matrix generated
by the original data and by the hypothesized solution is small yielding a nonsignificant chi-square.
The chi-square statistic is dependent on sample size and often results in a statistically significant
difference when large samples are used, even when fit appears good using other indices. Since chi-
square is one of the most frequently used fit indices in a structural analysis, it was included (Elliott,
1994; Gierl & Mulvenon, 1995). The second index is the root mean square error of approximation
(RMSEA). The RMSEA is intended to provide a measure of parsimony by assessing the discrepancy
per degree of freedom in the model. In other words, RMSEA takes into account the number of free
parameters required in order to achieve a given level of fit. Browne and Cudek (1993) suggest a

RMSEA of 0.05 indicates a close fit of the model in relation to the degrees of freedom. They interpret
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a range of RMSEA values by stating, "we are also of the opinion that a value of 0.08 or less for the
RMSEA would indicate a reasonable error of approximation and would not want to employ a model
with a RMSEA greater that 0.1" (Browne & Cudek, 1993, p. 144). The third index is the root-mean
square residual (RMR). RMR is an average of the absolute residuals between the observed and the
hypothesized covariances. A small RMR indicates good fit.

Next, DIF statistical analyses were conducted for each item from the English and French forms
in the Mathematics and Social Studies achievement tests using MH, SIBTEST, and LR. The item
under consideration was included in forming the score groups for MH and LR and no iterative
purification was used in the DIF analyses. All test statistics were interpreted at an alpha-level of 0.05.
Items that were flagged by at least two of the statistical procedures with B- or C-level were considered
translation DIF items. This interpretation seems justified since B- and C-level items are typically
scrutinized for potential bias in test reviews (e.g., Zieky, 1993).

Judgmental Analysis

Two translators independently back-translated the achievement tests from French to English. Both
translators were certified by the Association of Translators and Interpreters of Alberta, which is an
association affiliated with both the Canadian Translators and Intepreters Council (CTIC) and the
International Federation of Translators. To become certified, translators must pass the national CTIC
exam; to remain certified, translators must pass the CITC exam once every three years. Both translators
have been accredited since 1990 and both have extensive experience translating business, industry,
government, and educational texts from French to English. The translators were blind to the outcomes
from the statistical analyses, and they had no contact with one another during this study.

Next, three reviewers—the authors of this study—independently evaluated the comparability between
the English source language tests and the back translated tests. Each reviewer was given the original
English form, the French translated form, and the two back translated forms. The reviewers were explicitly
asked to evaluate the comparability in meaning between the original English form and the two back
translated forms using a three-point rating scale: 1 = No Change in Meaning, 2 = Minor Change in
Meaning, and 3 = Major Change in Meaning. The scale was used by the reviewers to identify items that

were translated incorrectly.
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Ratings were established with a four-step process. First, the three reviewers independently rated
each item using the 3-point scale. All reviewers were blind to the outcomes from the statistical
analyses at this step. Second, the three reviewers met together to discuss and justify their ratings for
each item. In this step, the reviewers could change their ratings if they felt a change was justified
based on the discussion. However, the reviewers were not required to change their ratings. Third,
the reviewers compared the statistical outcomes to their judgmental ratings. The statistical outcomes
were evaluated because, as Hambleton and Kanjee (1995) note, the ultimate criterion of item
equivalence must come from an analysis of the examinees’ responses. Thus, the reviewers
considered these outcomes as they evaluated the translation equivalence of each item. Again,
changes were permitted but not required. Fourth, the three adjusted ratings were compared and a
final rating was produced. The rules for creating the final rating were as follows: If at least two of the
three ratings were a 1, then the item was deemed equivalent; if at least two of the three ratings were
either a 2 and/or 3, then the item was deemed not equivalent.

Results

Psychometric Characteristics of the Test Forms and Iltems

A summary of the observed psychometric characteristics on the Mathematics and Social Studies
tests for the English- and French-speaking examinees is presented in Table 1. Typically, the
differences reported in Table 1 are tested for statistical significance between groups. However, the
large samples used in this study resulted in many differences that were statistically but not practically
significant. Hence, statistical outcomes are not reported. Instead, some general trends are
highlighted. First, the psychometric characteristics of the items were comparable between the
English- and French-speaking examinees. The measures of internal consistency, difficulty, and
discrimination were quite similar for both language groups in Mathematics and Social Studies.
Second, the mean for the French-speaking examinees was somewhat higher that the mean for the
English-speaking examinees in Mathematics; the order was reversed in Social Studies. However, for
both tests, the effect sizes associated with these mean differences were relatively small. Third, the
standard deviations, skewness, and kurtosis were similar between the two groups for each test.
Fourth, the number of words on the French forms was noticeably larger than the English forms,

especially in Social Studies.
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Insert Table 1 about here

Factor Structure Within and Across Language Groups

Results from the confirmatory factor analysis supported the unidimensional assumption. The
one-factor model provided excellent fit to the English and French data on both the Mathematics and
Social Studies achievement tests, as shown in Table 2. Although the chi-square values were
statistically significant for the English and French sample on the Mathematics test, the RMSEA and

the RMR were small indicating good model fit.

Insert Table 2 about here

Results from the multiple-sample analysis also suggested that the number of factors and factor
loadings were invariant across language groups on the Mathematics and Social Studies tests. The
results of the multiple-sample analysis are provided in Table 3. The one-factor model was fit
separately for the English and French sample, and a chi-square statistic was computed to assess
parameter invariance across the two groups. Three nested models were sequentially tested using this
approach by equating the number of factors, factor loadings, and errors. For the Mathematics test,
models 1 and 2 were not statistically different whereas models 2 and 3 were statistically different
indicating that the observed variables were not equally reliable across the two language groups.
Despite this difference, the RMSEA and RMR for models 1, 2, and 3 were small indicating strong
model fit. A similar pattern of results occurred with the Social Studies test data as models 1 and 2
were not statistically different but models 2 and 3 were different. Again, however, the RMSEA and
RMR were small for all three models indicating good model fit. In short, when we take into account
the sensitivity of chi-square to sample size and examine the RMSEA and RMR, there is strong
evidence to suggest that the number of factors and the factor loadings are invariant across the

English and French groups in Mathematics and Social Studies.

Insert Table 3 about here
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Comparison of DIF Classification Using Three Statistical Procedures

Item classification produced by the three DIF procedures—Mantel-Haenszel (MH), Simultaneous
Item Bias Test (SIBTEST), and logistic regression (LR)—was compared across the Mathematics and
Social Studies tests. Classification consistency across the procedures is summarized in Table 4. In
all comparisons that follow, items with a B- or C-level rating are considered DIF items whereas those

with an A-level rating are not.

Insert Table 4 about here

For the Mathematics test, MH and SIBTEST each identified six DIF items whereas LR identified
10 items with uniform DIF and one item with non-uniform DIF. Four of the six items identified by MH
(items 6, 8, 44, and 47) were identified by SIBTEST. All six items identified by MH (items 6, 8, 15,
40, 44, and 47) were identified by LR as displaying uniform DIF. Of the six items flagged by
SIBTEST, five were identified by LR for uniform DIF (items 6, 8, 41, 44, and 47). The only item with
non-uniform DIF, item 16, was identified by LR.

For the Social Studies test, many more items were flagged with DIF. MH identified 19 DIF items,
SIBTEST identified 27 DIF items, and LR identified 27 items with uniform DIF and two items with
non-uniform DIF. All 19 items identified by MH (items 2, 3, 5, 6, 11, 13, 17, 18, 22, 24, 25, 29, 30, 33,
40, 44, 45, 47, and 48) were also identified by SIBTEST and LR for uniform DIF. SIBTEST flagged
the same 26 items as LR for uniform DIF (items 2, 3, 5, 6, 9, 11, 13, 16, 17, 18, 19, 22, 24, 25, 27,
29, 30, 33, 34, 35, 36, 40, 44, 45, 47, and 48). Only two items, 9 and 24, were identified with non-
uniform DIF, and both were flagged by SIBTEST and LR. Item 24 was also flagged by MH.

Relations Among DIF Effect Size Measures

Classification consistency can also be evaluated by examining the correlation between the DIF
effect size measures. A strong correlation indicates a close relationship between the rankings of the
items. As shown in Table 5, effect size measures were highly correlated across DIF procedures

except the measure for non-uniform DIF. For the Mathematics test, the MH effect size measure,
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D- MH , was highly correlated with the SIBTEST effect size measure, B, at —0.96 and with the LR

effect size measures for uniform DIF, R?D- U, at0.91. D- MH and the non-uniform DIF

measure, R°-D- N, were correlated at —0.03. B and R°D- U were also highly correlated at 0.92

A

whereas B and R°D- N were correlated at —0.01. The correlation between the R?D measures
was zero. For the Social Studies test, D- MH was highly correlated with B and R’D- U (-0.99

and 0.93, respectively) but not with R°D- N (r=0.27). B and R’D- U were highly correlated at

A

0.95 whereas B and R°D- N were weakly correlated at 0.29. The R’D measures also had a

weak correlation at 0.25. The correlations between the uniform effect size measures and R°D- N
were larger in Social Studies than in Mathematics because the Social test has more translation DIF

items.

Insert Table 5 about here

Results from Judgmental Analysis

Results for the judgmental analysis are reported in Tables 6 and 7 for the Mathematics and
Social Studies tests, respectively. Only results for items flagged by at least two of the statistical
procedures with B- or C-level DIF are presented and discussed due to space limitations. Consistency
among the three reviewers was high for identifying the non-equivalent items. Two items on the
Mathematics tests and six items on the Social Studies tests were deemed not equivalent between the
two language forms. One Mathematics item judged to be non-equivalent in English and French is
presented in the Appendix to illustrate translation differences. For this item, the English form
contained a 12-hour clock with AM and PM whereas the French form used a 24-hour clock. Students
were required to interpret an AM to PM time difference in this item, and this difference was more
apparent when the 24-hour clock was used. Also, when the 24-hour clock is used, the first two
options on the French form are clearly incorrect. This item was identified both statistically and

substantively, using back translation, as being different between the two languages. This item also
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demonstrates how an important cultural difference can influence test development since, in English,
the 12-hour clock is routinely used whereas in French the 24-hour clock is frequently used.

The judgmental review also highlights two key points. First, the numbers of items identified
statistically with DIF and identified substantively as not equivalent in translation were noticeably
smaller in Mathematics (7 and 2, respectively) compared to Social Studies (26 and 6, respectively)
indicating that translation differences are more pronounced in Social Studies. Second, the majority of
differences between the two language forms in both content areas were not attributed to translation
problems since most of the items with large statistical DIF flags—5 of 7 items in Mathematics and 20
of 26 in Social Studies—showed no apparent translation differences. That is, factors and reasons
other than translation differences are needed to account for the statistical outcomes when the English

and French examinees are compared.

Insert Tables 6 and 7 about here

Conclusions and Discussion

The purpose of this study was to evaluate the equivalence of two translated tests using statistical
and judgmental methods. Performance differences for a large random sample of English- and
French-speaking examinees were compared on a Mathematics and Social Studies achievement test.
Items displaying DIF were flagged using three different statistical methods—Mantel-Haenszel,
Simultaneous Item Bias Test, and logistic regression—and the substantive meaning of these flags
was studied by comparing the back-translated form with the original English-version and with the
statistical outcomes for each item on both tests.

Statistical Outcomes

Two main statistical findings were found. First, the classification results across procedures were
relatively consistent but not identical. The correlation between the effect size measures for uniform
DIF were also strong but not perfect. These results indicate that the three procedures produce
relatively consistent item classification and effect size rankings but some discrepancies were present.
One explanation for these discrepancies may be found with the cut-points (i.e., A-, B-, and C-levels)

used to identify DIF items. Are these cut-points comparable across procedures? Our results suggest
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that the MH cut-points are more conservative than either the SIBTEST or LR cut-points.
Researchers, in an attempt to establish a consistent and defensible pattern of DIF item classification,
may choose to use at least two procedures when screening items for translation DIF. Researchers
and practitioners should also expect to identify fewer DIF items with MH compared with SIBTEST or

LR.
Second, the LR effect size R*D- U was highly correlated with the effect size measures for MH

and SIBTEST. Correlations between the non-uniform LR effect size measure, R?D- N, with MH

and SIBTEST were negligible because the later measures were not designed to flag non-uniform DIF.

Thus, R°D appears to be a reliable measure that provides useful information when used with the LR

statistical analysis for quantifying the magnitude of uniform and non-uniform DIF. New guidelines for
interpreting the LR and R?D results for classifying items with DIF were proposed by Jodoin (1999)

but much more research with LR and R°D is needed to establish the validity of this procedure for
identifying DIF. The first author is currently conducting simulation studies in this area.

Interpretability of DIF

The psychometric literature contains an “arsenal” of statistical approaches for identifying DIF
(Angoff, 1993, p. 21). Despite the presence of these approaches, many researchers agree that items
with DIF are difficult to interpret (e.g., Camilli & Shepard, 1994; Hambleton & Jones, 1994; O’'Neill &
McPeek, 1993; Scheuneman, 1987; van de Vijver, 1994). Camilli and Shepard (1994, p. 151)
reported that, in their experience, as many as half of the items with “large” DIF statistical values might
not be interpretable. This finding may be attributable to statistical Type | error or to complex sources
of item difficulty that cannot be interpreted using judgmental reviews. In an attempt to overcome this
problem, multiple statistical procedures and a multi-faceted judgmental review were used in the
present study to identify items with translation differences. With these procedures, 2 of 7 and 6 of 26
DIF items in Mathematics and Social Studies, respectively, were judged to be non-equivalent across
language forms due to differences introduced in the translation process. There were no apparent
translation differences for the remaining items.

Translation differences were more pronounced in Social Studies, a language-rich content area.

The sheer number of words on the Social Studies test (3354 and 4157 on the English and French
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forms, respectively) compared to the Mathematics test (2713 and 3066 on the English and French
forms, respectively) could lead to more translation differences. Student performance could also be
affected. French-speaking examinees in Social Studies, for example, were required to read 803 more
words compared to the English-speaking examinees, an increase of almost 24%, and this increased
reading load could adversely affect test performance. The word count difference across language
forms may account for some of the discrepancy between the statistical analysis and the judgmental
review.

The discrepancy between statistical and judgmental results in Social Studies may also be
attributed to inflated Type I error resulting from the use of an inadequate conditioning variable. DIF
analyses require a conditioning variable that matches examinees in both language groups on the
same construct of interest. When the number of flagged items becomes large indicating many
potentially problematic items, total test score (or a latent version of total test score, as with the
SIBTEST procedure) may not be a valid conditioning variable. Currently, there is no solution to this
problem when the number of DIF items is large (Sireci, 1997; Sireci, Xing, & Fitzgerald, 1999). As a
first step, care must be taken to ensure the translation is accurate. Iterative purification can also be
used by removing the DIF items from the total test score and repeating the analysis. However, this
approach has only been studied with a relatively small number of DIF items (see Clauser, Nungester,
Mazor, & Ripkey, 1996). When a large number of items are flagged on a unidimensional test, as in
Social Studies, it is not clear which items to remove since the purpose of the DIF analysis is to
identify problematic items or how the construct and content representation on the test will be affected
when a large number of DIF items are removed from the conditioning variable. This problem remains
unsolved and must be addressed in future research.

Finally, researchers must also focus on psychological factors that produce DIF by studying items,
actual student responses, and item-by-response interactions to identify and understand the sources of
variability that produce large DIF results when two language groups are compared. There is general
acceptance in the psychometric community that the psychology of test performance must be
understood in order to construct, score, and validly interpret results from tests (e.g., Frederiksen,
Mislevy, & Bejar, 1993; Gierl, 1997; Mislevy, 1996; Nichols, 1994; Nichols, Chipman, & Brennan,

1995; Snow & Lohman, 1989). Despite this consensus, little is known about the cognitive processes
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actually used by examinees as they respond to test items in different language forms. To better
understand and interpret DIF, it is necessary to study relations among cognition and task performance

by examining students’ cognitive processes as they respond to test items in different content areas

and by creating cognitive models that will allow us to compare and contrast student performance.
This research is essential because DIF statistics that are uninterpretable do not provide practitioners
with the information needed to make decisions about a test (e.g., which DIF items to drop and which
items to keep when B- or C-level DIF is found) or about the psychological factors that produce DIF
that should be considered when creating a test. In short, Camilli and Shepard (1994) correctly state
that it is essential to “worry as much about how to interpret DIF as how to compute it” (p. 153).
Researchers should address this concern by studying the psychological factors that produce

translation differential item functioning.
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Appendix

Items 47 on the English and French form of the Grade 6 Mathematics Achievement Test,
respectively.

47.

47.

On the first day of filming, the crew arrived on the set at 5:20 A.M. They left the set at 8:15 p.m.
How long did the crew spend on the set that day?

A 3 h5min
B. 5h 5 min
C 13 h 35 min
D 14 h 55 min

Le premier jour du tournage, I'équipe arrive au plateau de projection a 5 h 20 du matin. Elle
quitte le plateau a 20 h 15. Combien de temps I'équipe est-ce que I'équipe passe sur le plateau
le premier jour?

A 3 h5min
B. 5h 5 min
C 13 h 35 min
D 14 h 55 min
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Table 1

Psychometric Characteristics for the English and French Forms in Mathematics and Social Studies

Mathematics Social Studies
Characteristic English French English French
No. of Examinees 2200 2200 2200 2200
No. of Items 50 50 49 49
No. of Words 2713 3066 3354 4157
Mean 35.44 37.12 32.67 31.75
SD 8.34 7.57 8.29 7.71
Skewness -.49 -.65 -44 -.34
Kurtosis -47 -11 -43 -.49
Internal Consistency?® .89 .87 .87 .84
Mean Item Difficulty 71 74 .67 .65
SD Item Difficulty 15 14 12 12
Range Item Difficulty .26 - .91 22 - .94 .39 - .86 .39 - .87
Mean Item Discrimination” 48 45 43 .38
SD Item Discrimination A2 A1 A1 A1
Range Item Discrimination .05 - .66 .09 - .67 .15 - .63 A7 -.59

Cronbach’s alpha

PBiserial correlation
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Table 2

Fit Indices for the One-Factor Model Across Content Areas as a Function of Language Group

c? df RMSEA RMR
ContentArea  English  French  English  French English  French  English  French
Mathematics
one-actor 16.16*  21.75* 5 5 032 .039 034 .040

Social Studies

One-Factor 2.08 1.99 2 2 .004 .000 024 025
Model

*p < 0.01



Table 3

Tests for Invariant Models Between English and French Examinees
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Content Area

c2 df RMSEA

RMR

Mathematics
Model 1
Equated Number of Factors

Model 2
Equated Number of Factors
Equated Factor Loadings

Model 3
Equated Number of Factors
Equated Factor Loadings
Equated Errors

Social Studies
Model 1
Equated Number of Factors

Model 2
Equated Number of Factors
Equated Factor Loadings

Model 3
Equated Number of Factors
Equated Factor Loadings
Equated Errors

37.91* 10 .036

38.59* 14 .028

55.14* 19 .029

4.07 4 .003

15.21 7 .023

28.56* 11 .027

.040

.042

.051

.025

110

150

Model Comparison

Mathematics
Model 1 vs. Model 2
Model 2 vs. Model 3
Social Studies
Model 1 vs. Model 2
Model 2 vs. Model 3

.68
16.55*

11.14
13.35*

*p < .01.
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Table 4

Classification Consistency Across the Three Differential Iltem Functioning Procedures as a Function of Test

Mathematics Social Studies
MH SIBTEST LR-U LR-N MH SIBTEST LR-U LR-N
MH 6 19
SIBTEST 4 6 19 27
LR-U 6 5 10 19 26 27
LR-N 0 0 1 1 1 2 2 2

Note. MH is Mantel-Haenszel; SIBTEST is the Simultaneous Item Bias Test; LR-U is logistic regression with uniform DIF, and LR-N is logistic regression with
non-uniform DIF. The diagonal of each matrix indicates the total number of items flagged using each procedure and the off-diagonal indicate the number of

matches across procedures.
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Table 5

Correlation Coefficients Across the Four DIF Effect Size Measures as a Function of Test

Mathematics Social Studies
D- MH B R'D-U RD- N D- MH B RD-U  R°D- N
D- MH Ya Ya
IAB -.96 Ya -.99 Ya
R’D- U 91 92 Ya .93 .95 Ya
RD- N -.03 -.01 -.00 Ya 27 29 25 Ya

A

Note. D- MH is Delta-Mantel-Haenszel: Bis the effect size measure in the Simultaneous Item Bias Test; R°D- U is R’ change for the Group variable in

logistic regression associated with uniform DIF; and R°D- Nis R change for the Total Score-by-Group Membership interaction term in logistic regression
associated with non-uniform DIF. Both D- MH and B are directional tests. A positive D- MH indicates DIF in favor of the French examinees whereas

A A

the opposite is true for B. Since R°Ddoes not provide a directional test of DIF, the absolute value of D- MH and B are used when these effect size

measures are correlated with the R®D.



Table 6

Results of the Mathematics Item Review by Three Raters

Reviewer Rating
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ltem Statistical Flag (Rating) Favors Reviewer 1 Reviewer 2 Reviewer 3 Overall Rating
6 MH (C), SIBTEST (B), LR (C) English 1 1 1 Equivalent
8 MH (B), SIBTEST (B), LR (C) English 1 1 1 Equivalent
15 MH (B), LR (B) French 1 1 1 Equivalent
40 MH (B), LR (C) English 1 1 1 Equivalent
41 SIBTEST (B), LR (B) English 2 1 1 Equivalent
44 MH (C), SIBTEST (C), LR (C) French 3 3 3 Not Equivalent
a7 MH (B), SIBTEST (C), LR (B) French 3 3 3 Not Equivalent

Note. Ratings range from a score of 1 to 3 where 1 = No Change in Meaning, 2 = Minor Change in Meaning, 3 = Major Change in Meaning. In the

overall rating column, equivalent means the english and french items are equivalent in meaning whereas not equivalent means the english and french

items are not equivalent in meaning.



Table 7

Results of the Social Studies Item Review by Three Raters

Reviewer Rating

Translation DIF

ltem Statistical Flag (Rating) Favors Reviewer 1 Reviewer 2 Reviewer 3 Overall Rating
2 MH (C), SIBTEST (C), LR (C) French 3 3 3 Not Equivalent
3 MH (B), SIBTEST (C), LR (C) English 1 1 2 Equivalent
5 MH (C), SIBTEST (C), LR (C) French 1 1 1 Equivalent
6 MH (C), SIBTEST (C), LR (C) French 1 2 1 Equivalent
9 SIBTEST (C), LR (B) English 1 1 1 Equivalent
11 MH (B), SIBTEST (C), LR (C) English 3 3 3 Not Equivalent
13 MH (B), SIBTEST (C), LR (B) French 1 1 1 Equivalent
16 MH (A), SIBTEST (B), LR (B) French 1 1 1 Equivalent
17 MH (B), SIBTEST (C), LR (C) English 3 3 2 Not Equivalent
18 MH (B), SIBTEST (C), LR (C) French 1 1 1 Equivalent
19 SIBTEST (C), LR (C) English 1 1 1 Equivalent
22 MH (B), SIBTEST (B), LR (B) French 1 2 1 Equivalent
24 MH (C), SIBTEST (C), LR (C) English 3 1 3 Not Equivalent
25 MH (C), SIBTEST (C), LR (C) French 3 2 2 Not Equivalent
27 SIBTEST (C), LR (B) French 3 2 3 Not Equivalent
29 MH (B), SIBTEST (B), LR (B) French 1 1 1 Equivalent
30 MH (C), SIBTEST (C), LR (C) English 3 1 1 Equivalent
33 MH (C), SIBTEST (C), LR (C) English 1 1 1 Equivalent

34



(Table Continued)
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34
35
36
40
44
45
47
48

SIBTEST (B), LR (C)
SIBTEST (B), LR (B)
SIBTEST (B), LR (B)
MH (C), SIBTEST (C), LR (C)
MH (B), SIBTEST (C), LR (B)
MH (B), SIBTEST (B), LR (B)
MH (C), SIBTEST (C), LR (C)
MH (B), SIBTEST (B), LR (B)

French
French
English
English
French
English
English
English

S N

1

S N

1

S N

1

Equivalent
Equivalent
Equivalent
Equivalent
Equivalent
Equivalent
Equivalent

Equivalent

Note. Ratings range from a score of 1 to 3 where 1 = No Change in Meaning, 2 = Minor Change in Meaning, 3 = Major Change in Meaning. In the

overall rating column, equivalent means the English and French items are equivalent in meaning whereas not equivalent means the English and French

items are not equivalent in meaning.
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Figure Caption

Figure 1. Framework for evaluating measurement equivalence for a test adapted from one source language (S1) to one target language (T1).



Translation DIF 37

Substantive Analysis Using Judgmental Method l
(e.g., Item Review Following Back-Translation)
Source Language
Back Test (S2)
Translation A (e.g., English)

A 4
Source Language TOrlglln?I Target Language
Test (S1) ransiation Test (T1)
(e.g., English) (e.g., French)

A

T T Back Source Language
Translation B Test (S3)
Statistical Analysis Using DIF Method (e.g., English)
(e.g., SIBTEST)
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Substantive Analysis Using Judgmental Method
(e.g., Item Review Following Back-Translation)



