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Abstract

Two-stage testing (TST) is an adaptive testing procedure where test forms of
varying difficulty are administered to examinees based on performance from a
routing test. The School Achievement Indicators Program (SAIP) is the national
achievement test in Canada and uses the TST procedure to assess educational
progress of 13- and 16-year-olds in Science. SAIP works with the implicit assumption
that the routing test works equally well for examinees in English and French. If this
assumption is true, then there should be proper placement of English- and French-
speaking examinees in the second-stage test. However, if the assumption is not true,
then there might be misplacement of English- and French-speaking examinees in the
second-stage test.

The purpose of the present study was to evaluate the effectiveness of a TST
procedure for English- and French-speaking examinees who wrote the SAIP Science
tests. The study was conducted using existing data (N=24,642 and 22,320 for the
Science 1996 and 1999 administrations, respectively) obtained from SAIP. The
analyses were conducted in two steps. First, a comprehensive analysis of the routing
test items was conducted using statistical and substantive methods. The purpose of
these analyses was to identify items that might favor English- or French-speaking
examinees, which in turn, might lead to different placement of examinees in the
second-stage test. Second, a comprehensive analysis of the second-stage tests was
conducted using BILOG-MG (Zimowski, Muraki, Mislevy, Bock, 1996). To assess
performance differences for English- and French-speaking examinees on the second-

stage tests, test information functions (TIF), test characteristic curves (TCCs),
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standard errors of estimate SE(6 ), and reliability indices for English and French
versions of the second-stage tests were compared.

Statistical analysis of the routing test items revealed that three out of twelve
items displayed DIF. However, substantive analysis of the routing test suggested that
translation errors were not the cause of DIF for the three items. Analysis of the
second-stage tests indicated that English- and French-speaking examinees within low-
and high-ability groups performed equally well in the second-stage tests suggesting
that the routing test properly placed examinees in the second-stage test for both

English- and French-speaking examinees.
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CHAPTER I: INTRODUCTION

Assessment is an important method for monitoring student achievement.
Assessment programs are increasingly used to evaluate student performance on well-
defined, problem-solving and curricular-related tasks. For this reason, it is important
that assessments are fair for all examinees (Principles for Fair Student Assessment
Practices for Education in Canada, 1993).

In the context of faimess, the effectiveness of translated tests, as tools that
yield scores that can be validly interpreted regardless of the language group to which
they belong, is often questioned (Standards for Educational and Psychological
Testing, 1999). A poor translation can affect the meaning of test items and adversely
influence the comparability and interpretability of test scores across language and
cultural groups (e.g., Hambleton & Patsula, 1999; Ercikan, Gierl, McCreith, Puhan, &
Koh, 2002). For instance, a reading test developed in English that is translated to
French may include content not equally meaningful or appropriate for students who
read only French. Gierl and Khaliq (2001, p.175) provide an example in which an
item with a contour relief map contained the phrase “cross section cut along a line” in
the English form while in the French form contained the phrase “ une coupe
transversale qui montre le relief.” The idea of relief is excluded from the English
form. This difference could seriously affect the comparability of the two forms and
disrupt the intended purpose of the test (e.g., comparison and interpretation of test
scores across the two language groups).

Achievement tests are often translated and adapted for use in different

languages and cultures. Therefore, the translation process must be accurate. For
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example, the Council of Ministers of Education in Canada assesses the achievement
of 13- and 16-year-old students in reading and writing, mathematics, and science in
English and French as part of the Council's School Achievement Indicators Program
(SAIP). Similarly, the Department of Learning in the province of Alberta translates
eight of their 11 English high school exit exams into French. Hambleton (1993) and
Sireci (1996) highlight the need to enhance the fairness of comparisons for
individuals and groups from different language and ethnic backgrounds. These
comparisons must be fair because there is a growing interest in cross-cultural research
resulting in comparative studies across national, ethnic, and cultural groups. (for
recent examples, see Hambleton & Patsula, 1998; Jeanrie & Bertrand, 1999; Reckase
& Kunce, 1999).

The issues that surround the proper methodology for adapting a test to support
valid and reliable comparisons of scores are complex. The effects of translation errors
may even be compounded when complex testing procedures, like two-stage testing
(TST), are used to assess student performance on achievement tests. TST is a testing
procedure in which test forms of varying difficulty are administered to examinees
based on previous performance estimated from a first-stage test, commonly referred
to as the routing test (Zimowski, Muraki, Mislevy, & Bock, 1996). The routing test is
one of the most important features of the TST procedure. If the routing test has items
with translation errors, then it may not route examinees from different language
groups equally well. Consequently, there can be misplacement of examinees in the

second-stage test, which is unfair.
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SAIP uses a of a two-stage testing (TST) procedure. The results are used to
compare the performance of English- and French-speaking examinees in the subject
areas assessed. The implicit assumption made is that the routing test works equally
well for both English- and French-speaking examinees. If this assumption is true, then
English- and French-speaking examinees with the same ability will be placed ata
similar location on the score scale at the second-stage test. If this assumption is not
true, then there might be misplacement of English- and French-speaking examinees in
the second-stage test. For example, if the routing test has items that are biased and
favor French-speaking examinees, then more French-speaking examinees will be
routed to a high-ability test even though they should have been routed to a low-ability
test. Consequently, the French-speaking examinees will take a more difficult second-
stage test and may perform poorly compared to the English-speaking examinees.
Such an outcome may be considered unfair because it could adversely affect the
reported achievement levels of French-speaking examinees. There is a well-
documented body of research regarding the problems of translating and adapting tests
to different languages (e.g., Hambleton & Patsula, 1998; Van deVijver & Leung,
1998). However, the adverse effect of translated tests on assessment instruments used
in a two-stage testing design is not well documented.

Purpose of Study

The Council of Ministers of Education, Canada uses a TST procedure to
compare the performance of 13-and 16-year-old, English- and French-speaking
examinees. Since fairmess is an important concern in the field of educational

measurement, it is necessary to ensure that a particular form of testing, such as TST,
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does not unfairly favor one language group compared to another. Hence, the purpose

of the present study is to compare the performance of English and French examinees

that wrote the SAIP Science 1996 and 1999 achievement tests administered using the

TST procedure. Four research questions are addressed:

1. Is there evidence for differential item performance for English- and French-
speaking examinees on the routing test used in the TST procedure?

2. If so, what is the source of differential item performance in the routing test?

3. Is there evidence for differential test performance for English- and French-
speaking examinees on the second-stage test used in the TST procedure?

4. Is there a relationship between performance on the routing test and the second-
stage test used in the TST procedure?

The evaluation of whether assessment procedures such as TST produce
comparable results for different groups of examinees such as English and French
requires consideration of key psychometric concepts such as test translation and
adaptation, equivalence, and differential item functioning (DIF). These concepts are

reviewed in the next chapter.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER II: LITERATURE REVIEW
Increased Use of Translated and Adapted Tests

Achievement tests are often adapted for use in different languages and
cultures. For example, the International Association for the Evaluation of Educational
Achievement (IEA) conducted the Third International Mathematics and Science
Study in 1995 and 1996. Altogether, the tests were administered in 31 different
languages to students in 45 participating countries. Similarly, the Organization for
Economic Co-operation and Development (OCED) conducted the Programme for
International Student Assessment (PISA) in 2000. A test of reading literacy,
mathematical literacy, and scientific literacy were administered in different languages
to students in 32 participating countries. In Canada, the Council of Ministers of
Education assesses achievement of 13- and 16-year-old students through the School
Achievement Indicators Project (SAIP) in reading and writing, mathematics, and
science in English and French. Other prominent examples of test adaptations include
Spanish versions of the College Board’s Scholastic Assessment Test (SAT), the
American Council on Education’s General Educational Development Tests (GED),
and the United States Department of Education’s National Assessment of Educational
Progress (NAEP)(see Hambleton & Patsula, 1998, p.1).

Hambleton and Patsula (1998) and Sireci (1996) list a number of reasons to
explain the increased interest in test adaptations and translations. These reasons
include an increase in international exchanges of tests, more demand for credentialing
and licensure exams in multiple languages, a reduction in cost because of adapting an

existing test as compared to constructing a new test, the need to develop and translate
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tests to certify employees in their native language, and a growing interest in cross-
cultural research. In the Canadian context an increased interest in test translations and
adaptations may be attributed to increased number of international tests, the
introduction and continuation of the national tests administered by SAIP, and the
testing programs of several provinces in which tests are administered in both official
languages, English and French.

Potential Sources of Errors Resulting in Non-Equivalent Language Forms

The process of translating and adapting tests into different languages and
cultures is often viewed as an easy task. Typically the translation process only
requires finding someone who knows the languages and that no more than a couple of
hours are needed to translate the test (Hambleton & Patsula, 1999). However,
translating a test from a source language to a target language does not necessarily
produce two psychometrically equivalent tests (Allalouf et al. 1999). Angoff and
Cook (1988, p. 2) wrote: "It can hardly be expected without careful and detailed
checks, that the translated items will have the same meaning and relative difficulty for
the second group as they had for the original group before translation.”

Many problems are cited in the psychometric literature to explain why
translated tests may not be equivalent with the original test. Hambleton (1993, 1994)
identified six problems, which are described below.

First, the construct measured in the source language may change when the test
is translated into a second language. According to Hambleton (1994), it is entirely
possible that the same construct is interpreted and understood in completely different

ways in two different languages or cultural groups. For example, the Western notion
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of intelligence places considerable emphasis on speed of response. However, in many
Eastern cultures, speed of response is unimportant and intelligence is often associated
with thoughtfulness, reflection, and saying the right thing (Lonner, 1990).

Second, there are many concepts, expressions, and ideas used in the source
language version that do not have equivalents in the target language. For example,
Gierl and Khalig (2001) noted that the English version of an item included the
sentence, “Most rollerbladers favor a helmet bylaw.” The word rollerblader has no
equivalent word in the French language, thus making it difficult to translate the test
item so that it conveyed the same meaning in English and French.

Third, 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. in the mountains

b. in the woods

c. in the sea

d. in the desert.
In the Swedish translation the phrase “webbed feet” became “swimming feet” thereby
providing a visible clue to the Swedish-speaking examinees about the correct option
for this item. This example provides an instance of construct-irrelevant easiness by
providing extraneous cues (e.g., link between sea and swimming) in the item that
permitted the Swedish population to respond correctly in ways irrelevant to the

construct being measured (Messick, 1989, p. 35).
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Fourth, greater cultural distance between language and ethnic groups
adversely affects test equivalence. For example, tests may show more comparability
across similar language groups such as French- and Spanish-speaking groups as
compared to English- and French-speaking groups (W. Todd Rogers, June 2002,
personal communication).

Fifth, comparability of translated tests is often a function of what is measured.
For example, tests that require knowledge obtained from school may show less
comparability across different cultural and language groups than a test of memory
span (Van de Vijver & Leung, 1997).

Sixth, cultural differences regarding test administration procedures often pose
a threat to test equivalence across different language and cultural groups. According
to Hambleton (1994), administration procedures range from language use in test
rubrics, lay-out and use of graphics, presentation mode (e.g., paper and pencil,
computer), and specific formats (e.g., multiple choice, essay). One frequent problem
identified by Hambleton and Patsula (1999) centres on the presentation format of the
test, which may be less familiar to persons in one culture than another. For example,
the authors note that the multiple-choice format is very familiar in North America but
less common in other parts of the world. Also in many Eastern cultures, due to
limited access to computers, the paper-and-pencil mode of taking tests is more
common than computer-based testing.

These six problems illustrate how differences between languages and cultures
may adversely affect the validity of translated and adapted tests. Hambleton (1994)

notes that since "high-stakes" are often associated with the results from cross-cultural
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comparisons or international comparative studies of educational achievement, the
need for test equivalence across different language and cultural groups becomes
extremely important. Moreover, the adverse consequences of bias in translated
assessment materials are immense (Hambleton, 2001). Improper translations may
make the test instruments easier for students in some cultural or language groups but
not in others. Similarly, extended and/or simplified translations may make the test
instruments easier for students in other sub-cultures and languages.
Importance of Test Translations in a Canadian Context

Concerns with the accuracy of test translations and adaptations should be
particularly important for test developers and users in bilingual countries like Canada
since many national and provincial tests must be administered in the official
languages of the country. Many of these tests are first developed in English and then
translated to French. Hence, it becomes necessary to ensure that both the English and
French versions of these tests are comparable and that no particular language form
(e.g., English) unfairly favors a particular group (e.g, English-speaking examinees).

Canada’s national testing program, the School Achievement Indicators
Program (SAIP), is used to assess 13-and 16-year-old students in the areas of reading,
writing, mathematics, and science in English and French. 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. However, little
information is presented in the SAIP reports about the bilingual test development
process beyond the fact that both English- and French-speaking test developers were

involved in writing the test items with the intent of eliminating any linguistic bias
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(Council of Ministers of Education, Canada, 2000, p. 8). Unfortunately, little research
has been presented to support the assumption that the English and French forms used
by SAIP are parallel despite the importance of this topic for valid test score
interpretation and use.

The effects of translation errors may even be compounded when complex
testing procedures, like two-stage testing (TST), are used to assess student
performance on achievement tests. This topic is particularly important in the context
of SAIP because this testing program uses a TST procedure to scale test scores and
compare performance of English- and French-speaking examinees in various subject
areas. For example, in the SAIP Science assessments, a 12-item first-stage test or the
routing test is used to route examinees to an appropriate second-stage test form based
upon the ability level of the examinees derived from the routing test. SAIP scores
their tests and reports results with the implicit assumption that the routing test works
equally well for both English- and French-speaking examinees. If this assumption is
true, then English- and French-speaking examinees with the same ability will be
assigned to the same test at the second stage. If this assumption is not true, then there
might be misplacement of English- and French-speaking examinees in the second-
stage test. For example, if the routing test has items that are biased and favor French-
speaking examinees, then more French-speaking examinees will be routed to the test
form for a high-ability group even though they should have been routed to the test
form for a low-ability group. Consequently, the French-speaking examinees will take
a more difficult second-stage test and may perform poorly compared to the English-

speaking examinees. Such an outcome may be considered unfair because it could
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adversely affect the reported achievement levels of French-speaking examinees.
Hence, the purpose of the present study was to evaluate the effectiveness of a TST
procedure for English- and French-speaking examinees who wrote the SAIP Science
1996 and 1999 tests.

Test development for SAIP Science was comparable for the 1996 and 1999
administrations, hence replication of findings across years can help cross validate the
results. The comparability of SAIP Science 1996 and 1999 administrations is evident
from the following description: Changes to assessment instruments and scoring
procedures across the 1996 and 1999 administrations were kept to a minimum. The
same Framework and Criteria was used to assess student work. Scoring procedures
and conditions as well as administration procedures for the 1999 Science
administration were replicated as much as possible from documentation and
information provided by the Science 1996 team (Council of Ministers of Education,
Canada, 2000, p. 6).

In order to describe the context and methods relevant to this study, literature
will be reviewed in the following four areas: two-stage testing (TST), School
Achievement Indicators Program (SAIP), differential item functioning (DIF), item
response theory or IRT (including IRT for multiple groups), and IRT-based methods
for monitoring test equivalence.

Overview of TST

TST is a form of adaptive testing suitable for group administration. It works

by tailoring the difficulties of the test forms to the abilities of selected groups of

examinees (Zimowski, et al. 1996). TST begins with a preliminary estimate of
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examinees’ ability obtained from a short first-stage test or the routing test. Based on
the results of the routing test, examinees are classified into different levels of abilities
(e.g., low, moderate, and high). Depending on the examinee’s estimated ability
derived from the routing test, examinees are then assigned to a second-stage test form
with a difficulty level consistent with their estimated ability level. The basic idea
underlying TST is that lower-ability examinees should perform relatively poorly on
the routing test and can therefore be directed to an easier second-stage test. High-
ability examinees, in contrast, should score well on the routing test and should be
directed to a more difficult second-stage test.

An important consideration in TST is that the scoring of a two-stage test must
take into account the systematic differences in difficulties of the second-stage tests.
Hulin, Drasgow, and Parsons (1983, p.212) give an example of a hypothetical two-
stage test where examinee A answered 10 items correctly on the most difficult
second-stage test and examinee B answered 10 items correctly on the easiest second-
stage test. According to the authors, the number right score of examinees A should
not be compared to the number right score of examinee B because examinee A
answered 10 difficult items correctly (and incorrectly answered the remaining
difficult items) and examinee B answered 10 easy items correctly (and incorrectly
answered the remaining easy items). Hence, to allow a direct comparison of the
number right score of examinee A and the number right score of examinee B, the
second-stage test forms are linked with a set of common items so that they can be

calibrated on the same score scale extending from the lowest to the highest levels of
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ability (for a more detailed discussion of linking procedures, see Zimowski et al,
1996; Sireci, 1996; Angoff & Cook, 1988).

The key element in TST is the routing test because it is performance on this
test that determines which of the second-stage tests an examinee will be assigned.
Examinees can be assigned to an inappropriate second-stage test if the routing test
does not place different examinees equally well for the language groups to be
compared. Routing error can result from either routing too high or too low. Routing
too high would occur when an examinee is assigned to a second-stage test that is
above the examinee’s ability. Similarly, routing too low would occur when an
examinee is assigned to a second-stage test that is lower than the examinee’s ability.
In the context of group comparisons in testing, if examinees in a particular language
group (e.g., English or French) are misrouted, then examinees of that group may be
able to pass fhe second-stage test when they should have failed or may fail the
second-stage test when they should have passed.

To be effective, a routing test should be short and consist of a set of
representative and unbiased items that are highly discriminating and have a spread of
difficulty values for the different language groups (Bock & Zimowski, 1998).
However when there is a large number of content areas, it may be difficult to have a
short routing test. Developing items that are not equally difficult and discriminating
can also be a difficult task.

Despite these difficulties, TST has great potential for application in
achievement testing. Bock and Zimowski (1998) list some benefits of TST in

achievement testing. First, TST as compared to conventional paper-and-pencil testing
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results in better measurement precision, especially in the tails of the proficiency
distribution in the population‘of examinees because the second-stage tests are tailored
to the ability levels of the examinees, hence redlicing measurement error.

Second, TST can be cost effective as compared to conventional paper-and-
pencil testing because of the reduction in the number of items required to estimate
IRT scale scores with equal precision.

Third, administering tests in CAT format is very expensive because of the
need for a sufficient, often large, number of computers for administering these tests.
Furthermore, development of an effective and robustly operating item bank to obtain
reliable estimates of examinees' proficiency scores is costly. Paper-and-pencil TST
could provide for a more cost-effective alternative as compared to CAT. Also paper-
and-pencil TST could play an important role in transition to a fully developed
computerized system.

In large-scale assessments where results are considered low-stakes for the
examinees, use of TST can be beneficial due to a number of factors. First, lack of
student motivation is a major problem in low-stakes examinations such as SAIP. TST
can result in better motivation for students during the testing session because it avoids
presenting discouragingly difficult items or very easy items.

Second, TST has the potential to increase the usability and validity of results
such as obtained from SAIP by making available good-quality student level scores in
different subject matter areas (see Bock & Zimowski, 1998, p.24).

Third, TST enables the conditioning on provisional estimates of student

proficiency within the adaptive session. Bock and Zimowski (1998) note that
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conditioning on provisional estimates is much stronger than conditioning on
background characteristics.

These benefits indicate potential of TST in present and future assessments at
national and provincial levels. However, as in any new implementation of a
measurement instrument for assessing performance on well-defined problem solving
and achievement tasks, it is important to ensure that the interpretations drawn from
the measurement instrument are reliable and valid. In the Principles for Fair Student
Assessment Practices for Education in Canada (1993), guideline seven states
“Assessment instruments translated into a second language or transferred from
another context or location should be accompanied by evidenpe that inferences based
on these instruments are valid for the intended purpose (p. 7).” For example, if the
routing test functions differentially for different language groups such as English and
French, then the inferences based on the second-stage tests may be invalid for
comparing performance of English- and French-speaking examinees.

Overview of SAIP
Context of SAIP

SAIP is a national testing program in Canada designed to monitor educational
progress of 13- and 16-year-old students. It is conducted by the Council of Ministers
of Education (CMEC). 1t is comparable to the National Assessment of Educational
Progress (NAEP) project which reports on U.S. student performance with
comprehensive information about what students at grades four, eight, and twelve

know and can do in various subject areas.
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SAIP serves four major purposes or uses. First, students are assessed on tests
designed to measure "what students in Canadian schools are expected to know and be
able to do" (CMEC, 2000, p. 6). What is to be assessed is determined by evaluation
and curriculum specialists from universities, content experts, and representatives from
non-governmental organizations. Second, the test results are used to determine
whether students in each province and territory in Canada achieved similar levels of
performance in literacy, numeracy, and science at about the same age. Third, the
results are used to determine whether students in different provinces and territories in
Canada learn similar skills for solving problems in reading and writing, mathematics,
and science. Fourth, it complements existing assessments in each province and
territory by providing Canada-wide data on the achievement levels attained by
students across the country.

Target Groups

The SAIP assessments are administered to 13- and 16-years old students. The
group of 13-year-olds consists of students in their first year of secondary school,
which is the transition year between elementary and secondary school. The group of
16-year-olds consists mainly of students in their last year of compulsory school
attendance.

Sampling

The samples of 13- and 16-year-olds are selected using a two-stage procedure.
At the first stage, schools with 13- and 16-year-old students are selected from the list
of all schools provided by the territories and provinces in Canada to the CMEC.

Schools under federal jurisdiction and those with fewer than five students are
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excluded. Then, the schools are selected using a procedure that takes their size into
account. At the second stage, students are selected using a uniform procedure that
requires the coordinators for the provinces and territories to allow equal probability of
selection of all 13- and 16-year-olds.
Structure

The SAIP tests consist of a written assessment and a hands-on performance
assessment. The written assessment includes both multiple-choice and written-
response questions that measure the acquisition of concepts, procedures, and
problem-solving skills. Both multiple-choice and written-response questions in the
written assessment are scored dichotomously, one for a correct response and zero for
a wrong response. In the hands-on performance assessment students are required to
demonstrate levels of performance related to their inquiry skills. Questionnaires are
also given to students, teachers, and principals to gain information on demographic
and psychological variables, attitudes towards a particular subject, opportunities to
learn a particular subject, and type of instruction. The data from the written- and
hands-on performance assessments and from the background questionnaires are used
to provide descriptions of students’ strengths and weaknesses in basic and higher-
order skills; compare achievement by race/ethnicity, gender, type of community, and
region; describe trends in performance across years given these tests are administered
approximately every three years, and determine the relationships between
achievement and background variables (e.g., homework, employment, reading
materials in the home, TV watching) and instruction (e.g., amount of instructional

time and hands-on-learning).
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Administration

The first cycle of assessments began in 1993 with the administration of the |
mathematics assessment in April of that year. The reading and writing assessment
followed in 1994. The first science assessment was administered in 1996. A random-
sample of students is assessed in these content areas once, every three years with one
exception, in which, there was a gap of two years between the first and second
Science assessments.

TST Framework for SAIP Science 1996 and 1999 Assessment

Students writing the SAIP Science assessments in 1996 and 1999 were
administered a first-stage test consisting of 12 items. Based on the results of the first-
stage test, examinees were classified into one of two levels of ability. The low-ability
group consisted of examinees who scored seven or lower in the first-stage test. The
high-ability group consisted of examinees who scored eight or above in the first-stage
test. The first-stage test was followed by assignment of the low-ability group to an
easy second-stage test and the high-ability group to a more difficult second-stage test.
Each second-stage test consisted of 66 questions that covered a different combination
of achievement levels ranging from one (lowest) to five (highest). The easy second-
stage test contained 26 level one questions, 26 level two questions, and 14 level three
questions. The difficult second-stage test was composed of 14 level three questions,
26 level four questions, and 26 level five questions. The 14 level 3 questions were
identified in both forms so as to allow the placement of the scores obtained on the two
forms on a common scale. The description of different achievement levels along with

example items are presented in Appendix A.
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In a TST framework, the first-stage test corresponds to the routing test. As
emphasized earlier, the routing test is the key element in TST. If the routing test
consists of items that are not highly discriminating and are not free from the effects of
differential item functioning (DIF) then there can be misplacement of examinees in
the second-stage testing and the effectiveness of the TST procedure can be
compromised. SAIP works with the implicit assumption that the routing test works
equally well for examinees in different language groups such as English and French.
This assumption is based upon the fact that from the outset, the instruments used in
the science assessment were developed by English- as well as by French-speaking
educators working together for the purpose of eliminating any possible linguistic bias.
If this assumption is true then English- and French-speaking examinees will be placed
in a similar manner to the second-stage test which, in turn, will lead to English- and
French-speaking examinees performing equally well in the second-stage test.
However, if this assumption is not true then there might be misplacement of English-
and French-speaking examinees in the second-stage test (e.g., high-ability French
examinees taking an easy test and low-ability English examinees taking a difficult
test) which might be unfair.

The evaluation of whether SAIP Science assessments are comparable for
English- and French-speaking examinees requires a consideration of statistical and
substantive procedures used to study the comparability of scores across different
language and cultural groups. A brief overview of differential item functioning or
DIF is presented in the next section followed by a discussion of DIF as applied to test

translation.
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Differential Item Functioning

DIF is present when examinees from different groups have a different
probability of answering an item correctly after conditioning on overall ability
(Shepard, Camilli, & Averill, 1981). The total test score is most frequently used as an
estimate of ability. DIF methods match examinees on total test scores to see if
comparable examinees from different populations (e.g., English-speaking versus
French-speaking examinees who have the same total test score) perform the same on
individual items. If they do not perform the same, then the item is said to display DIF.
However, DIF does not mean simply that an item is harder for one group than for
another; if the students in one group tend to know more than the other group about the
subject, they will tend to perform better on the items in a test. This is referred to as |
item impact (Clauser & Mazor, 1998).

DIF analysis is one of the most important statistical analyses in validating a
test score for use in different cultural and language populations in an item bias study
(Hambleton, 1994). Support for comparability or equivalence of a test for two groups
comes from the fact that when members of two groups have equal ability, then they
should perform in an equivalent manner on each item. The main idea, as discussed
earlier, is that if members of two groups have equal ability, then their performance on
each item in a test should be equal except for sampling errors due to sample size.
However, if group differences in performance beyond sampling errors are noted, the
item is labeled DIF and more intensive investigations are carried out to identify the

source of these differences (see Clauser & Mazor, 1998 for a review).
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DIF Detection and Interpretation
Statistical Methods

A variety of statistical procedures for detecting DIF have been developed
(Camilli & Shepard, 1994; Millsap & Everson, 1993; Fidalgo, 1996a; Potenza &
Dorans, 1995). Of these, the Mantel-Haenszel (MH), Simultaneous Item Bias Test
(SIBTEST), and Logistic Regression (LR) have been the most commonly used (e.g.,
Allalouf et al. 1999; Gierl & Khaliq, 2001; Gierl, Rogers, & Klinger, 1999).
Moreover, of these procedures, SIBTEST has been found to be more effective than
MH and LR in detecting DIF (Jiang & Stout, 1998; Bolt & Stout, 1996, Gierl et al.
1999). SIBTEST has two well-documented benefits. First, SIBTEST uses a
regression estimate of the true score instead of the observed score to match students
with the same ability. As a result, examinees are matched on a latent rather than an
observed score. Second, SIBTEST can be used to assess DIF iteratively by initially
using all the items from the matching test and systematically removing DIF items
from the matching test until a subtest of items without DIF is identified (Shealy &
Stout, 1993). Furthermore Gierl et al. (1999) and Ercikan et al. (2002) have shown
that SIBTEST identifies more DIF items as compared to MH and LR. From a test-
development point of view, detection of more DIF items may be problematic because
of the enormous costs incurred to develop test items. However, from an interpretation
point of view, identification of more DIF items may result in a more thorough
analysis of the test items leading to a more comprehensive test interpretation.
Therefore, SIBTEST was used in the present study to identify items with DIF. In the

next section an overview of SIBTEST is presented.
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The SIBTEST Procedure

SIBTEST is a non-parametric method, which was developed as an extension
of Shealy and Stout’s (1993) multidimensional model for DIF. In the SIBTEST
framework, DIF is conceptualized as a difference between the probabilities of
selecting a correct response, for examinees with the same levels of the latent attribute
of interest (6). This difference, when found, is attributable to different amounts of
nuisance abilities (1) that influence the item response patterns.

The statistical hypothesis tested by SIBTEST is:

Ho: B(T) =Pr(T)-Pr(I) =0

versus

H;: B(T) =Pgr (T) - Pr (I) # 0,
where B (7) is the difference in probability of a correct response on the studied item
for examinees in the reference (or advantaged) and focal (or disadvantaged) groups
matched on true score; Py (7T) is the probability of a correct response on the studied
item for examinees in the reference group with true score T; and Pi(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 suspected 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 the corresponding subtest true score
for each matching subtest score. These estimated true scores are adjusted using a

regression correction technique to ensure the estimated true score is comparable for
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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 differences between the proportion-correct true scores on the studied item
for examinees in the two groups across all score levels. The weighted mean difference
between the reference and focal groups on the studied subtest item or bundle across

the % subgroups in given by

. k
Buw = Zpkdk s

k=0

where p, is the proportion of focal group examinees in subgroup k and d, is the

difference in the adjusted means on the studied subtest item or bundles of items for
the reference and focal groups, respectively, in each subgroup .

SIBTEST provides an overall statistical test and a measure of the effect size
(l}m ) for each item. wa has a standard normal distribution with mean 0 and
standard deviation 1 under the null hypothesis of no DIF. A statistically significant
value of B’UN, that is positive indicates DIF against the focal group and a negative
value indicates DIF against the reference group. There is one major advantage of
having both a statistical test as well as a measure of effect size (ﬁw, ) for identifying

DIF items. An effect size measure can be of great importance where Type I error
inflation can pose serious threats to the validity of results derived from a statistical
test. For SIBTEST, when Type I error occurs due to statistically biased DIF

estimation, it is important to estimate whether the biased estimation is small or large.
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For instance, a highly inflated Type I error might not be a serious problem when the

A

B, is close to zero (Roussos & Stout, 1996).
Research at the Educational Testing Service (ETS) has resulted in guidelines
for classifying DIF as negligible, moderate, and large using the Mantel-Hanzel
. statistical procedure. Roussos and Stout (1996, p. 218, p. 220) adopted the ETS

guidelines and applied the results to SIBTEST. According to the authors the

following I}UN, values are used for classifying DIF:
No DIF: Null hypothesis is not rejected and | B,,, | = 0,
Negligible or Level A DIF: Null hypothesis is rejected and | B, | < 0.059,
Moderate or Level B DIF: Null hypothesis is rejected and 0.059 < lém | <0.088,

Large or Level C DIF: Null hypothesis is rejected and | B, |0 0.088.

A comprehensive and technical discussion of the SIBTEST procedure is found in
Shealy and Stout (1993).

In the context of the routing test used in the SAIP Science assessments,
statistical methods such as SIBTEST can be used to identify items that function
differentially for English- and French-speaking examinees. As discussed earlier, if the
routing test has items that function differentially for English- and French-speaking
examinees, then it might lead to misplacement of examinees in the second-stage test.
Hence, identification of such items is necessary to improve the effectiveness of the

TST procedure.
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Substantive Methods

Statistical methods, as described earlier, are only useful in detecting DIF
items. To understand the nature of DIF, judgmental reviews are often used to identify
why items are functioning differentially between groups (see, for example, Camilli
and Shepard, 1994, p. xiii; Gierl & Khaliq, 2001). According to Hambleton (1994),
items flagged as DIF may be problematic because of poor translation or because of
the use of a term or expression that is unknown or unfamiliar to the examinees in one
of the groups. The skill measured by the translated item may not be part of the
repertoire of the target language population. Alternatively, the difference in
performance may be due to systematic inherent differences between the examinees
from the two groups. Determining the reason for the difference is important because it
influences the ultimate decision of what to do with the item. Without substantive
analysis, it will be difficult to know whether an item that is flagged statistically as
DIF is the result of translation errors or actual differences between the examinees
from the two populations (e.g., bias versus impact).

Differential Item Functioning on Translated Tests

Researchers who study the psychometric characteristics of translated tests
have noted the presence of large amounts of DIF items on many translated tests. For
example, Gierl et al. (1999) reported that 26 of 50 items (52%) on a Canadian Grade
6 Social Studies achievement test translated from English to French displayed
moderate or large DIF. Similarly, Allalouf et al. (1999) noted that 42 out of 125
verbal items (34%) displayed moderate or large DIF on the Israeli Psychometric

Entrance Test when Hebrew and Russian examinees were compared. A more recent
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study conducted on SAIP tests by Ercikan et al. (2002) revealed that for English- and
French-speaking examinees, approximately 18 to 31 percent of the items in reading,
32 to 37 percent of the items in mathematics, and 32 to 36 percent of the items in
Science showed DIF for 13- and 16-year-olds. These findings raise questions about
the validity of translated tests for assessing achievement outcomes. According to
Gierl and Khaliq (2001), such findings also highlight the need to identify potential
sources of translation DIF so that necessary steps can be taken during test
development to improve the items.

Gierl and Khaliq (2001) note that if specific sources of translation errors could
be anticipated, then test developers could carefully monitor their test construction,
translation, and adaptation practices to ensure that different language forms of the
exam are comparable across language groups. The authors outline four major sources
of translation errors that might affect validity of tests across different language
groups.

First, omission or additions of words, phrases, or expressions that affect
meaning are likely to affect performance for one group of examinees. For example,
on an item with a contour relief map, the English form contained the phrase "cross
section cut along a line" while the French version contained the phrase "une coupe
transversale qui montre le relief". The idea of relief is included in the French version
but not in the English version of the test and this difference might adversely affect the
performance of a particular language group.

Second, differences in words, expressions, and structure of sentences of items

that are inherent to the language and/or culture might affect the performance of a
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particular group of examinees. One example that illustrates a cultural difference
includes an English item with a 12-hour clock using a.m. and p.m. while the French
version uses a 24-hour clock. This time convention is common between the English
and the French. Students were required to interpret a time difference when solving
this item. Gierl and Khaliq (2001) found this item to consistently favour French-
speaking examinees. Without taking translation into consideration, one might
conclude that the French-speaking examinees have a better understanding of time
differences as compared to English-speaking examinees. However, when translation
differences are accounted for, it appears that the French-speaking examinees have an
advantage on this item because the 24-hour clock makes the correct option more
salient.

Third, differences in words, expressions, and sentence structure of items that
are not inherent to a language or culture might affect the performance of a particular
group of examinees. For example, Gierl and Khaliq (2001, p.175) identified an item
on an Alberta achievement test that contained the phrase in English "traditional way
of life" versus the phrase in French "les traditions.” This item presented two distinct
concepts surrounding "a way of life" and "traditions" in the English and French
forms, respectively and this difference might adversely affect the performance of a
particular language group.

Fourth, differences in item and test format such as change in item or test
structure, typeface, capitalization, and punctuation may affect the performance of one
group of examinees. If these differences provide a clue to the correct answer for one

group of examinees, then the item is not comparable across language groups (for a
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more detailed list of the sources of translation problems, see Gierl & Khalig, 2001;
also see Allalouf et al. 1999),‘

These four specific sources of translation errors show how differences in
words, phrases, ideas, punctuation, and item structure in different languages and
cultures can adversely affect comparability of test scores for different language
groups. Allalouf et al. (1999) note that mére research should be conducted to identify
specific sources of translation errors because if these sources could be predicted, then
they could be taken into account at an early stage in the test development process,
thus resulting in improved decisions regarding test construction, scoring, and equating
(e.g., excluding items that function differentially across languages in an equating
design).

IRT-Based Procedures for Monitoring Equivalence

Measures based on item response theory (IRT) are considered among the best
methods for evaluating item and test equivalence (e.g., Drasgow & Hulin, 1991;
Thissen, Steinberg, & Gerrard, 1986). Commonly used IRT procedures for
determining equivalence of tests for different groups of examinees include
comparison of item characteristic curves (ICC-equivalence), test characteristic curves
(TCC- equivalence), test information functions (TIF- equivalence), relative efficiency
(RE- equivalence), and standard errors of estimate (SE- equivalence) (Boughton,
2001). A brief overview of IRT is presented in the next section followed with a
discussion of commonly used IRT-based procedures for determining test equivalence
and multiple-group IRT theory. It should be noted that these IRT procedures are

conceptualized within the two-parameter (2PL) IRT model because the 2-PL model is
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used in the present study. The rationale for use of the 2-PL model is presented in
Chapter 1.
Overview of Item Response Theory

It is postulated in IRT that for any examinee and test item interaction there is
an underlying ability or proficiency level that influences performance on that item.
Examinee performance is therefore a function of both item and person characteristics.
An examinee with a high level of ability has a greater probability of answering an
item correctly than an examinee with a low level of ability. This relationship between
ability and item performance is usually described by a monotonically increasing
nonlinear function called item characteristic curve (ICC). These curves provide the
probability of getting an item correct at each ability level across the entire ability or
theta scale. Thus, with an accurate estimate of ability, subsequent examinee
performance can be predicted (Hambleton & Swaminathan, 1985).

There are three common assumptions underlying the use of unidimensional
IRT models: unidimensionality, local independence, and speededness of response.
The first assumption, unidimensionality, assumes that there is only one underlying
trait or ability that accounts for an examinee’s response to a test (e.g., science ability).
The second assumption, local independence, states that an examinee’s responses to
different items must be statistically independent. That is, the order of the items
administered must not affect person’s performance on the test. If the assumption of
unidimensionality is met, then it automatically results in local independence among
the items. The third assumption, speededness of response, requires that all examinees

have enough time to attempt all items so that only their ability level affects their
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responses to each item and not a failure to reach an item. It is implicit in the
unidimensional model that only one dimension is being measured and not a second
ability (e.g., speed) in answering a question (Hambleton & Swaminathan, 1985).

Within IRT, there are three popular models that provide a mathematical
equation for the relation of probability of correct response to ability. The first model,
the one-parameter logistic model (or Rasch model), assumes that all items have equal
discriminating power and that guessing is zero. The single item parameter that is
estimated is the difficulty or b-parameter. The second model, the two-parameter
(2PL), is a more general model than the one-parameter logistic model and assumes
that items vary in both difficulty (;) and discrimination (a;). The third model, the
three-parameter logistic model (3PL) was introduced in order to account for a lower
ability examinee obtaining the correct response by chance to a difficult item. Hence,
the 3PL model assumes that items vary in difficulty (b;), discrimination (a;), and a
third parameter know as the pseudo guessing parameter, ¢; (for a more detailed
discussion of IRT, see Hambleton, Swaminathan, & Rogers, 1991).

Item Characteristic Curve

ICCs provide a means for comparing the responses of two different groups
(e.g., English versus French) to the same item. According to Lord (1980), two ICCs
can be different onlyy if the item parameters that describe them are different. A
difference in ICCs of two groups indicate that examinees from an English- or French-
speaking group at the same ability level do not have the same probability of success

on the item which, in turn, might result in DIF for the item. Under the two-parameter
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logistic model, the item characteristic curve (ICC) is calculated using the equation

given by Birnbaum (1968)

ePaé-t

P.-(9)=‘1‘;—e',;,’7(§_—b5,

where D = 1.7, P{8) = the probability that a randomly chosen examinee with ability
6 answers item i correctly, b; = the item i difficulty parameter, and a; = the item i
_ discrimination index. In Figure 1, the ICCs for the English and French versions of a
hypothetical item are compared. As seen in Figure 1, the item is more difficult for
French-speaking examinees than English-speaking examinees. With an increase in
ability there is a greater probability of correct response for the English speaking
examinees than for the French-speaking examinees.
Test Characteristic Curve
Test characteristic curves (TCCs) provide a means for comparing the
responses of two different groups (e.g., English versus French) to the same test. The
TCC, which is the sum of the ICCs at a given ability level, is calculated using the

equation

R

T=3 P@).

i-1
A difference in TCCs for two groups indicates that examinees from an English- or
French-speaking group at the same ability level do not have the same total test score
which, in turn, might indicate that the source test and the target test are not
equivalent. In Figure 2, TCCs for the English and French version of a hypothetical
test are compared. As seen in Figure 2, the test is more difficult for French-speaking

examinees than English-speaking examinees because with an increase in ability, the
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total test score for the English-speaking examinees is greater than the French-
speaking examinees.
Test Information Function

Test information functions (TIFs) provide a method for comparing the
responses of two different groups (e.g., English versus French) to the same test. A
difference in TIFs of two groups indicate that examinees from an English- or French-
speaking group at the same ability level do not provide the same amount of
infozmatioﬁ about the test which, in turn, might indicate that the source test and the
target test are not equivalent. Under a two-parameter model, the item information
function (IIF) for items in each group is calculated using the equation (see Lord,
1980)

1,(8)= D*a’PQ,,

where D = 1.7, a; = is the item discriminator parameter, P; = the probability of an
examinee at a certain theta () level obtaining the correct answer to item i, and 0;= 1
- P,

The TIF, which is the sum of the ITFs at a given ability level, is calculated

using the equation

10)=Y1,6).

i=1
In Figure 3, TIFs of the English and French version of a hypothetical test are
compared. As seen in Figure 3, the test provides more information for English-

speaking examinees than French-speaking examinees at all points on the ability scale.
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Relative Efficiency

A comparison of the information function from two tests will also give an
indication of whether or not the tests are approximately equivalent. Relative
efficiency (RE) makes a comparison of the information function of one test (e.g.,
English test) with a second test (e.g., French test) in terms of a common ability scale.
In all RE comparisons a straight line is interpreted as a theoretical baseline, a line
where the RE is one or the same for examinees from two language groups such as
English and French. As the RE is the ratio of information for the English-speaking
over the French-speaking examinees, a value of RE greater than one means more
information for English-speaking examinees and a value less than one means more

information for the French-speaking examinees. The formula for RE is

_L®

RE(6) 1.0)

where RE(&) denotes the relative efficiency and %—(_zl denotes the information of
F

the English test compared to the French test over a common ability 6. In Figure 4,
the relative efficiency of test A is compared with test B (assuming both tests have 30
items each). In this example, test B is functioning as if it were 20% shorter than test
A at a theta of around 0.5. This outcome means that we would need to increase test B
from 30 to 36 items in order to produce precision of the ability estimates of test A.
Thus, relative efficiency will aid in the assessment of whether tests are equivalent by
allowing a direct comparison of source language tests with the target language tests

(Hambleton et al. 1991).
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Standard Error of Estimate
The standard error of estimate, which is the reciprocal of the square root of the
test information function, can provide information on the degree of precision at which
an ability level is estimated. For example, if at a particular ability level the standard
error is higher for English-speaking examinees than French-speaking examinees then
it can be said the ability level is more precisely estimated for French-speaking than

English-speaking examinees. This outcome, in turn, might indicate that the English

test and the French test are not equivalent. SE ( 6 )is calculated using the equation

1

SE®) = ,
©) )

where 1(8) is the test information function. In Figure 5, the standard error of estimate

is compared for English and French versions of a hypothetical test. As seen in Figure
5, the standard error is lower for French-speaking examinees than English-speaking
examinees at the lower end of the ability scale. This outcome indicates that at the
lower end of the ability scale, the ability level of French-speaking examinees is
estimated more precisely than the English-speaking examinees.
Reliability Index

The reliability index indicates consistency with which a test measures a
particular ability (e.g., science ability). Because similar reliability indices may
indicate similar performance for different language groups, the reliability index can
be used to assess whether English- and French-speaking examinees are performing
equally well on a particular test (e.g., science test). The reliability indices for different

groups of examinees is calculated by using the equation
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R = 1- ME,

where R = reliability index and ME = measurement error of variance. According to

Bock and Zimowski (1998), ME = -13111-; Thus, for example, a value of 5 for TIF

corresponds to a ME of —15- = (.2 and a reliability index of 1- 0.2 =0.8.

Multiple-Group IRT Theory

To ensure that scores are comparable across groups when different groups of
examinees complete different sets of items, analyses based on multiple-group IRT are
often conducted in which scores for multiple groups of examinees are scaled to a
common metric using common items or examinees (Bock & Zimowski, 1998).
Multiple-group analyses are particularly useful when examinees are grouped on the
basis of one or more variables (e.g., language and ability) and then compared. For
example, language groups are often sub-divided according to ability levels and age to
include more homogenous groups of examinees in the analysis. |

In multiple-group IRT, it is assumed that the different groups of examinees
are drawn from populations that have score distributions that are normal but have
different means and standard deviations. Under these assumptions the item response
data can be estimated completely by estimating the means and standard deviations of
the groups along with the item parameters. In a two-stage testing situation, where the
groups correspond to examinees who have been selected on the basis of a first-stage
or routing test, the latent distributions of the second-stage groups cannot be
considered normal even when the latent distributions of the populations from which

the examinees were selected are normal. In such cases, the empirical distributions can
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be estimated along with item parameters by maximum marginal likelihood. The
indeterminacy of location and scale is resolved, either by setting the means and
standard deviations of one of the groups to convenient values, such as zero and one,
or by setting the overall mean and standard deviation of the combined distribution to
similar values (for an example of multiple-group IRT application, see Bock &
Zimowski, 1998).

To summarize, tests that are fair must provide comparable information for
diverse groups of examinees such as English and French. This outcome is often
questionable on translated tests when examinees from different language groups are
compared because poor translation can affect the meaning and interpretability of
particular constructs between translated tests (e.g., Gierl, in-press). Consequently, the
validity of translated tests for comparing achievement outcomes across different
language groups (e.g., English- and French-speaking examinees) becomes an
important psychometric topic. The purpose of this study is to compare the
performance of English- and French-speaking examinees who wrote the SAIP
Science 1996 and 1999 achievement tests administered using a two-stage testing

procedure.
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CHAPTER III: METHOD
Overview

Evaluating the effectiveness of a TST procedure for English- and French-
speaking examinees who wrote the SAIP Science 1996 and 1999 tests requires an
analysis of the routing test and the second-stage test. If the assumption that the
English and French versions of the routing test tests are equivalent is true, then it is

" reasonable to expect English- and French-speaking examinees to perform equally
well on the second-stage test. However, if the routing test does not place English- and

- French-speaking examinees equally well, then English- and French-speaking
examinees of differing ability can be assigned to the same second-stage test, possibly
leading to performance differences for these two language groups in the second-stage
test. The evaluation of the effectiveness of TST for English- and French-speaking
examinees, therefore, requires a comprehensive analysis of the routing test and the
second-stage test.

Empirical DIF methods can be used to detect items in the routing test that
function differentially for English- and French-speaking examinees. If the routing test
has items that are free from the effects of DIF for English- and French- speaking
examinees, then it will route English- and French-speaking examinees equally well to
the second-stage test. Likewise, comparable performance of English- and French-
speaking examinees on the second-stage test would indicate that the routing test
placed examinees from these two language groups equally well to the second-stage

test.
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The routing-test analysis was conducted separately for 13- and 16-year olds
for the 1996 and 1999 SATP Science achievement tests. The second-stage analyses
were also conducted separately for 13- and 16-year olds within the low- and high-
ability groups for the 1996 and 1999 SAIP Science achievement tests. The replication
of analyses for two age and ability groups across two populations contributes to the
evaluation of the effectiveness of two-stage testing for English- and French-speaking
examinees in three ways: (a) the cross-validation of findings from one age group with
another, (b) the cross-validation of findings from one ability group with another and,
(c) the cross-validation of findings from one population with another.

The current study was conducted in two steps. In the first step, a
comprehensive analysis of the routing test items was conducted using statistical and
substantive methods. The purpose of these analyses was to identify items that might
favor English- or French-speaking examinees which, in turn, might lead to different
placement of examinees in the second-stage test. Statistical analyses for the routing
test included identifying DIF items using SIBTEST. Substantive analyses included
using test translators who helped identify potential sources of translation errors.

In the second step, the performance of English- and French-speaking
examinees for two age and ability levels on the second-stage tests was compared
using the following procedures:

1. Test information functions (TIFs) were compared for English and French versions
of the test,
2. Tests characteristic curves (TCCs) were compared for English and French

versions of the test,
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3. Relative efficiency of the French version compared with the English version of

the test was computed,

4. Standard errors of estimate, denoted as SE (§) were compared for English and
French versions of the test, and

5. Reliability indices were calculated for the English and French versions of the test
to obtain as estimate of the effectiveness of the TST procedure in general.

The two step approach was used in the present study because results from the
routing test analysis and the second-stage test analysis can provide information about
the effectiveness of the two stage testing procedure. If the routing test has items that
function differentially for English- and French-speaking examinees, then it can lead
to misplacement of examinees in the second-stage test. Comparison of the English
and French versions in the second-stage analysis either supports or rejects the above
assumption.

Method
Data

The study was conducted using existing data collected in the 1996 and 1999
administrations of Science. Eight distinct groups of examinees, classified by ability
(high and low), age (13- and 16 yrs), and language (English and French), were
analyzed. In the 1996 Science administration, the low ability group was composed of
13-year-old English (n=5,171) and French (n=1,986) examinees and 16-year-old
English (n=2,772) and French (n=1,101) examinees. The high ability group was
composed of 13-year-old English (n=4,347) and French (n=1,540) examinees and 16-

year-old English (n=5,713) and French (n=2,012) examinees. In the 1999 Science
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administration, the low ability group was composed of 13-year-old English (n=4,431)
and French (n=1,549) examinees and 16-year-old English (n=2,178) and French
(n=858) examinees. The high ability group was composed of 13-year-old English
(n=4,086) and French (n=1,449) examinees and 16-year-old English (n=5,729) and
French (n=2,040) examinees.

There are two main reasons for having eight distinct subgroups in the analysis.
First, there is a forced dichotomy in the data because examinees were categorized as a
high ability or low ability group based on their performance on the first-stage test.
Hence, the high ability group took only the difficult second-stage test and the low
ability group took only the easy second-stage test. Second, there might be actual
differences in the construct being measured (also know as impact) between 13- and
16-year-old examinees. This, in turn, would make it difficult to interpret whether
performance differences between English- and French-speaking éxaminees were a
result of translation DIF or impact or both. Hence, the groups were divided into 13-
and 16-year-olds so that the analyses could be conducted using more homogenous
subgroups.

Procedure

Analysis of the Routing Test

A comprehensive analysis of the routing test was conducted using statistical
and substantive methods. Statistical analyses for the routing test included using
SIBTEST to identify items that function differentially for English- and French-
speaking examinees. DIF analyses were conducted on each item from the English and

French forms of the routing test. For each suspect item, the remaining items were
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used as the matching subtest. Recall from Chapter II that the matching subtest should,
ideally, consist of items that ére unbiased and free from the effects of DIF. Since the
routing test has only 12 items, the matching subtest may become seriously
contaminated if there are many DIF items in the routing test. Hence, for more valid
interpretations of the results of the DIF analysis, the 14 common level 3 items in
booklet B and booklet C in the second-stage tests were also included in the DIF
analysis of the routing test. Since these 14 items were taken by all examinees,
inclusion of these items in the DIF analysis increased the number of items in the
matching subtest from 12 to 26, leading to a more stable set of results.

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 EW, values are used for classifying DIF:

e No DIF: Null hypothesis is not rejected, and IBUN, | = 0,

e Negligible or Level A DIF: Null hypothesis is rejected and II}UN, | <0.059,

e Moderate or Level B DIF: Null hypothesis is rejected and 0.059 < IEUN, | <
0.088,

o Large or Level C DIF: Null hypothesis is rejected and |1§UN, | 0 0.088.

These guidelines were used to classify DIF items in the present study.
In all English-French comparisons, items with a B- or C-level rating were
considered DIF items whereas those with an A-level rating were not considered as

DIF items. This decision seems justified since B- and C-level DIF items are typically
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scrutinized for potential bias in tests reviews (Zieky, 1993). Also, in all analyses, an
alpha level of 0.05 was used with a non-directional hypothesis test.

For the substantive analyses, test translators and item writers identified
potential translation errors. A translation review process developed by Gierl and
Khaliq (2001) was used in the present study. Four bilingual French-English
translators completed a blind review of the routing test items. They were asked to
identify items with translation problems. The four translators were native French
speakers. They were also completely bilingual in the English and French languages.
The four translators had extensive experience in teaching ranging from seven to
twenty-three years. The translation review process not only required the identification
of differences in the two language versions but judgments regarding whether the
differences were expected to lead to performance differences for the two language
groups as well. Therefore, experience in teaching and familiarity with student
thinking processes were important skills for the translators.

In the translation review process, the four translators first worked separately.
They were asked to evaluate the similarities and differences between the English and
French test items in the routing test. For each item, the four translators were asked to
specify which language group would be favored, identify the exact reason or reasons
for the difference, if present, in each item, and then categorize the reason or reasons
for the difference into the four sources of the translation errors identified by Gierl and
Khalig (2001) (see p. 26). The four translators were also asked to create their own
sources of translation error if they found the sources identified by Gierl and Khaliq

(2001) to be insufficient. Once the task was completed, the four translators met to
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discuss their decisions. The meeting allowed each translator to defend his or her
decision for every item and the test translators as a group, to reach consensus on the
items where they disagreed. The routing test items were reviewed in one meeting.
The review process required two hours and forty-five minutes in order to reach
consensus across the four translators.

Choosing an Appropriate IRT model for the Second-Stage Test Analysis

As in all IRT applications, a necessary first step is to choose an appropriate
item response model. An initial classical test theory (CTT) analysis of the items in the
second-stage tests had shown that the discrimination indices varied considerably for
the items. For the 1996 SAIP Science data, the range for the discrimination indices
was 0.57 for the easy second-stage test and 0.56 for the difficult second-stage test.
For the 1999 Science data the range for the discrimination indices was 0.65 for the
easy second-stage test and 0.48 for the difficult second-stage test. With this prior
information about the discriminating powers of the items there was no reason to fix
the value of ¢ = 1 for all items. Hence, the one-parameter logistic IRT model was not
chosen. Furthermore, of the two- and three-parameter logistic IRT models, item
parameters could not be estimated using the three-parameter logistic IRT model
because of non-convergence of the conditional marginal maximum likelihood
estimates. Hence, the three-parameter logistic IRT model was not used.
Consequently, the two-parameter logistic IRT model was chosen for both conceptual
and empirical reasons. First, almost 40 % of the items used in the second-stage tests
were constructed-response items and guessing is considered to have minimal

influence on examinees performance for constructed-response items. Therefore, using
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a three-parameter model for all the items was not considered appropriate. Second, the
second-stage tests in TST are’tailored to the abilities of the examinees. Therefore it
was reasonable to assume that the guessing parameter will be considerably low for
the multiple-choice items. Hence, using a two-parameter model for these items was
considered appropriate. Third, Bock and Zimowski (1998) suggested that for very
large sample sizes such as in the present study (N=24,642 and 22,320 for the Science
1996 and 1999 administrations, respectively), small differences in model fit would be
detected by the use of different IRT models. Fourth, the performance of low-scoring
examinees (based on their total score) was examined on the most difficult items. The
expectation was that the low-scoring examinees would have close to zero
performance on the most difficult items if the assumption of no guessing is true. For
both the 1996 and 1999 administrations of the SAIP Science assessment, examinees
who scored less than one third of the total score in the second-stage tests were
considered as low scoring examinees (Ndalichako & Rogers, 1997). Their
performance on the most difficult items was examined. Analysis was conducted
separately for the eight sub-groups used in the present study. The results of the item-
guessing analyses are presented in Tables 1 and 2 for the 1996 and 1999 SATIP
Science tests, respectively. As seen in Tables 1 and 2, for the eight sub-groups, the
performance of the low scoring examinees on the three most difficult items was close
to zero suggesting minimal guessing in the second-stage tests. For example, as seen in
Table 1, for the low-ability, 13-year-old English group, only two out of 689

examinees who scored less than one third on the total test got item 35 correct.
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Also, from an empirical point of view, the two-parameter logistic IRT model
was used because of convergence of the conditional marginal maximum likelihood
estimates. Based on the above reasons, the two-parameter model was used throughout
the present study.

Assessing the Assumptions of Item Response Theory

Model selection can be aided by an investigation of the principal assumptions
underlying the popular unidimensional item response models. Two important
assumptions common to all these models (discussed earlier in Chapter III) are that the
data are unidimensional and the test administrations are not speeded.

A linear factor analysis was conducted to assess the dimensional structure of
the SAIP Science tests. Many researchers have stressed that real test data often cannot
be well modeled using strictly unidimensional models (e.g., Ackerman, 1987, 1989;
Ansley & Forsyth, 1985; Yen, 1985). This is particularly true for achievement test
data, which often have a dominant first factor and a cluster of items that indicate the
existence of other dimensions. The problem of achieving strict unidimensionality
with real data have led researchers to assess unidimensionality based on the concept
of essential unidimensionality, which attempts to model the presence of a dominant
dimension in the presence of minor dimensions (Stout, 1990, Nandakumar, 1991).
Hence, in the present study, unidimensionality of the second-stage tests was assessed
using the concept of essential unidimensionality.

A principal components analysis of tetrachoric correlations was conducted.
The analysis was conducted separately for the eight sub-groups used in the present

study. The eigenvalues (from largest to smallest) of the inter-item correlation matrix

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



46

were studied to determine whether a dominant first factor for the second-stage tests
was present. For the 1996 Science test, the scree plots for the easy- and difficult
second-stage tests for the eight sub-groups are shown in Figures 6 and 7, respectively.
Similarly, for the 1999 Science test, the scree plots for the easy- and difficult second-
stage tests for the eight sub-groups are shown in Figures 8 and 9, respectively. As
seen in Figures 6 through 9, the scree plots for the second-stage tests for the eight
sub-groups studied suggest the presence of a dominant first dimension which, clearly
dominates the remaining components.

For the 1996 SAIP Science administration, the eigenvalues for the easy- and
difficult second-stage tests for the eight sub-groups studied are presented in Appendix
B. Similarly, for the 1999 Science administration, the eigenvalues for the easy- and
difficult second-stage tests for the eight sub-groups studied are presented in Appendix
C. As seen in Appendix A and B, the eigenvalue of the first component in both the
easy and difficult second-stage tests is considerably larger than the eigenvalue of the
remaining components. For example, as seen in Appendix B, for the low-ability, 13-
year-old English group, the eigenvalue of the first component is 9.65, which is more
than three times larger than the eigenvalue of the second component. Further, the
difference in eigenvalues for the first and second components is considerably larger
than the difference in eigenvalues for the second and third components. This result
held true for both 1996 and 1999 SAIP Science tests for the eight sub-groups studied.

Results of the linear factor analysis show that while not large in an absolute
sense, the magnitude of the first component in both second-stage tests is large enough

to indicate that there is a dominant component underlying the item responses (Huynh
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& Ferrara, 1994). This, consequently suggests that the assumption of essential
unidimensionality is met. |

To assess speededness of response, the percentages of examinees completing
75% of the test were reviewed to determine whether or not the second-stage tests
were speeded (Hambleton et. al, 1991). Results of the analysis to test speededness of
the second-stage tests for the eight sub-groups studied are presented in Tables 3 for
the 1996 and 1999 SAIP Science tests. As seen in Table 3, for both the 1996 and
1999 second-stage tests, a considerably high percentage of examinees completed 75
% of the items in the easy- and difficult second-stage tests within the eight sub-groups
studied. For example, as seen in Table 3, for the 1996 SAIP Science test, 93.40 % of
13-year-old English examinees within the low-ability group completed 75 % of the
items in the easy second-stage test. Hence, speed is assumed to be an unimportant
factor.

Analysis of the Second-Stage Test

All computations in the analysis were conducted using the BILOG-MG
program (Zimowski, Muraki, Mislevy & Bock, 1996). The program command files
for the analysis of the 1996 and 1999 data are included in Appendix D and E,
respectively.

The analysis was carried out in two stages. The first stage consisted of
estimating the routing test item parameters and latent distributions. The second stage
consisted of estimating the link and second-stage item parameters and the latent
distributions. For the second-stage analysis, the latent distributions estimated in the

routing test or first-stage analysis were used as the prior distributions for maximum
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marginal likelihood estimation of the combined routing test and second-stage test
data. The latent distributions éhow the proficiencies of different groups of examinees
in a particular subject matter (e.g., knowledge about science). These distributions are
usually reported in terms of the means and standard deviations (SD) of the
achievement levels for different groups of examinees. Although the case records from
the different forms (e.g., English and French forms) are subjected to a single IRT item
analysis in BILOG-MG, the test form is identified on each case and separate latent
distributions are estimated for examinees taking different forms. The points and
weights representing the distributions for the 1996 and 1999 data are shown in the
BILOG-MG command files in Appendices D and E, respectively.

IRT scaling of items in the second-stage tests was done using the 14 common
items. These items correspond to the level 3 items described earlier (p. 18). These
items served as the link items between the second-stage tests and have average
difficulty and high discrimination indices. The reason for scaling the items in the
second-stage tests using IRT is to put the item parameters of items in the two second-
stage tests on a common metric (Angoff & Cook, 1988; also see section on multiple-
group IRT in chapter II). This, in turn, allows comparison of the item parameters in
the English and French versions of the second-stage tests for different groups of
examinees (e.g., 13-year-old, English- versus French-speaking examinees).

To assess performance differences for English-speaking and French-speaking
examinees on the second-stage tests, the test information functions (TIF) for English-
and French- versions of the second-stage tests for different groups of examinees were

first compared. Second, test characteristic curves (TCC) for English and French
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versions of the second-stage tests for different groups of examinees were compared.
Third, the information functions of the English- and French- versions of the second-

stage tests were compared by computing the relative efficiency of the French and

English tests. Fourth, standard errors of estimate, denoted as SE ( é ) were compared
for English- and French- versions of the test. Fifth, reliability indices were calculated
for the English- and French- versions of the test to obtain as estimate of the
effectiveness of the TST procedure in general. Similar reliability indices indicate
equivalence across the second-stage test forms.

The use of more than one IRT based procedure for monitoring test
equivalence is justified because different IRT methods give slightly different
information about the psychometric properties of the test. For example, TCCs and
TIFs can be used to describe properties of a test. Both curves illustrate identical data,
but the value of the TCC is more sensitive to variations in the b-parameter of the test
items while the TIF is more sensitive to variations in the a- and in case of the 3-PL
logistic IRT model, the c- parameters of the items. Hence, by evaluating the value of
the TCC and the TIF, we will have a more accurate understanding of how much any

tests differ.

The TIFs, TCCs, and the SE (/ 6 ) for the second-stage tests were compared
using two procedures. First, a graphical procedure was used in which the TIFs, TCCs,
and SEs obtained for different groups of examinees who took the second-stage tests
(e.g., low ability French-versus English-speaking examinees) were compared visually
and an estimate of the magnitude of difference between two empirical curves was

obtained. However, the graphical method provided only a rough estimate of the
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magnitude of difference between two empirical curves. Therefore, a statistical
procedure was used to obtain‘more precise estimates of the magnitude of difference
between two empirical curves. The mean square residual (MSR) was calculated for
each pair of TIFs, TCCs and SEs (e.g., high ability French-versus-English-speaking
examinees). The equation used to calculate MSR is

. 2

2.6 -r©)

MSR = - s
n-1

where n represents the number of score points on the theta scale and in the context of
comparison of TIFs, X,(@) = value of information at @ for test 1 (e.g., English
version of the test) and Y,(d) = value of information at & for test 2 (e.g., French
version of the test). The null and altermnative hypothesis tested for MSR are
H,:MSR=0
H, :MSR > 0.

The value of the MSR was compared to the critical value in a chi-square
distribution with n-1 degrees of freedom to test whether the MSR is statistically
different from 0 or not. If the MSR is statistically different from 0 then pairs of TIFs,
TCCs, or SEs that are compared can be said to be statistically different from one
another. Similarly, if the MSR is not statistically different from O then pairs of TIFs
or TCCs that are compared can be said to be statistically similar to each other.

Results of the routing test and second-stage test analysis provided information

on the effectiveness of the TST procedure for English- and French-speaking

examinees who wrote the SAIP Science 1996 and 1999 tests. As discussed earlier, if
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the routing test has items that function differentially for English- and French-speaking
examinees (identified by S]BTEST analysis of the routing test), then it can lead to
misplacement of examinees in the second-stage test. Comparison of the English and
French versions in the second-stage analysis either supports or rejects the above

assumption.
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CHAPTER IV: RESULTS

The School Achievement Indicators Program provides large samples and large
numbers of items for examining the effect of translated test items on two-stage
testing. The analyses were conducted in two steps. First, the routing test items were
tested for DIF across English- and French-speaking examinees. Second, performance
differences on the second-stage tests were compared for English- and French-
speaking examinees by using different IRT based procedures discussed earlier in
Chapter 111

Analysis of the Routing Test
Statistical Analysis

The routing test items were tested to identify items that function differentially
for English- and French-speaking examinees. Summary statistics for the English and
French test forms in each language for the 1996 and 1999 SAIP Science routing tests
are presented in Table 4. As seen in Table 4, samples for the English and French
forms for the 1996 and 1999 SAIP Science tests were large. Based on the mean score,
it can be seen that for the 1996 and 1999 SAIP Science administrations, the ability
differences between the French-speaking examinees and the English-speaking
examinees within the 13- and 16-year-old groups were small. This is an advantage,
since the more similar the groups, the more accurate the DIF detection (Hambleton et
al. 1993).

The DIF analysis for the routing test was completed in two stages. At stage
one, the 14 level 3 items common in both the easy and difficult second-stage tests

were included in the DIF analysis to create a more stable matching subtest. Before
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including these items, DIF analysis including all 26 items (12 routing test items plus
14 common items) were performed. The DIF items identified in the set of common
items were removed. The remaining items from this set were then combined with the
12 routing test items to form the final matching test for the second-stage analysis. The
results of the DIF analysis for the 1996 and 1999 SAIP Science routing tests are
summarized in Table 5. As seen in Table 5, for the 1996 SAIP Science test, three out

of twelve items (items 1, 2, and 6) in the routing test were identified as DIF items for
English- and French-speaking examinees (EUN, > (.059, p < 0.05). Of these three

items, two items favoured French-speaking examinees and one item favoured
English-speaking examinees. For the 1999 SAIP Science test, the same three items

(items 1, 2, and 6) in the routing test were identified as DIF items for English- and
French-speaking examinees (ﬁUN, > 0.059, p <0.05). Of these three items, the same

two items favoured French-speaking examinees and one item favoured English-
speaking examinees.

As seen in the statistical analysis of the routing test, for the 1996 and 1999
administrations of SAIP Science, the same three items were identified as DIF across
the two years. Further, the direction of DIF was also the same across the two years.

Substantive Analysis

The main purpose of the substantive analysis was to identify translation errors
in the English- and French versions of the SAIP Science test, which consequently
may lead to DIF in the routing test items. Four translators were asked to categorize
the sources of differential item performance according to the four sources of

translation errors identified by Gierl and Khaliq (2001). They were also asked to
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