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Abstract

New models are commonly developed to overcome certain limitations of other ones.
Quantile regression is introduced in this book because it can provide the information which a
regular mean regression misses. This research aims to demonstrate its utility in the educational
research and measurement field for questions that may not be detected otherwise. Quantile
regression is appropriate when the assumption of a normal distribution of the error term is
violated. It is most useful when the interest is at various locations along the complete distribution
rather than just the central tendency.

The first part of the research in application of quantile regression aims to explore a changing
relationship between language proficiency and math achievement. Results reveal that language
proficiency affects math achievement differently at different math ability levels. Other commonly
used covariates such as socioeconomic status and gender are also related to math achievement
differently at different locations on the math score distribution. Generally speaking, the math gap
between different groups on the basis of language proficiency levels or ethnicity varies between
students with different math ability. It is shown that regular mean regression analyses fail to
capture this information.

The second part of the research models math growth longitudinally adjusting for language
proficiency. Four rounds of data for a cohort of students are used to detect the long term math
achievement gap between English Language Learners (ELLs), Former ELLs and Non-ELLs.
Model-building process suggests that language demand in tests may have contributed to the big
achievement gap between ELLs and Non-ELLs in USA. This confirms previous conclusions on
the necessity of accommodations and the importance of appropriate type of accommodations in
academic tests administered in English. Results provide evidence supporting the long-lasting
effect of language on math achievement. However, the long term relationship between language
and math is not a constant; rather, it seems to decrease after controlling for other relevant factors
in education. Differential effects of several background variables are also detected.

Implication of the research results for teaching and testing is discussed. Limitations of the

quantile regression technique are revealed as a guide for future research.
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Chapter I Introduction

The first sentence in Chapter 9 of the fourth edition of Standards for Educational and
Psychological Testing (hereinafter, “the Standards”, AERA, APA & NCME, 1999) clearly states
that, “For all test takers, any test that employs language is, in part, a measure of their language
skills” (p. 91). This statement is true because all assessments employ language to measure
student achievement. Students need the appropriate language skills to read the tests and
sometimes to respond to open-ended questions. Consequently, all the test scores include variance
introduced by the various level of language ability of students. This language ability is not the
construct under examination in content area assessments but is confounded with students’
performances on these tests. Construct-irrelevant variance has attracted attention of many
scholars who called for improvement of the psychometric quality of tests (Haladyna & Downing,
2004). In order to improve the content area tests, it is necessary to understand how language
impacts academic performance in these assessments. The current study will focus on the
relationship between language and math, but the method can be applied easily to other subjects
such as science or social studies to detect language impact in those subject area assessments. The
relationship between language and math has been studied for a long time and it is found to be
shifting rather than stable, although the direction of the shift was not clear. With the power of
quantile regression, the differential language impact on math achievement will be fully explored.
In addition to that, longitudinal data used in this research will shed light onto the long-term
language effect on academic performance that is of interest to the language testing field yet has
not been well represented in past research.

1.1 Statement of the Problem
As Abedi and Lord (2001) concluded, “the interaction between language and mathematic
achievement is real” (p. 232). This interaction is real for all grades, for both genders and for
various ethnic groups. Overall, language ability is positively related to math achievement. The
heated issue is also reflected in the discussion on the achievement gaps between native English
speakers (Non English Language Learners or Non-ELLs) and English Language Learners (ELLs)
in the K-12 grades. Literature has provided consistent evidence that ELL students scored lower
than Non-ELL students in math assessments. This gap is regarded to be closely related to the
limited language proficiency of ELLs (Abedi and Lord, 2001; Kato et al., 2004; Kieffer et al.,
2009; Stevens et al., 2000; Wright and Li, 2008).

The math achievement gap between these two groups may be attributed to two parts: the

result of learning and the result of assessing. As the result of learning, students actually differ in



math achievement because they did not learn the math content effectively in the classroom; as the
result of assessing, students are not so different in math achievement, but the tests underestimate
it for some students because the language requirement in the test is too high for them to perform
well (Bailey, 2000). There is no way to remove the first cause through analyses on test scores but
the second possibility can be controlled with statistical techniques. This research analyzes the test
scores as a source of information and tackles the assessment issue rather than the learning issue.
The learning process is better studied through other means like think-alouds, observations,
questionnaires or interviews.

Literature not only shows the gap between ELLs and Non-ELLs, but also provides
conflicting results on the changing status of the gap. The math achievement gap is found to be
increasing in some studies yet decreasing in other studies as students move up the grades. There
are several speculations on this discrepancy. For example, the ELL groups were defined
according to different criterion in these studies: not only the number of categories but also the
sample composition differ in each study. The math measurements adopted in each study also
differed from each other, which implies inequality of test specification, psychometric quality and
language requirement of the various instruments among studies. Other background factors may
have also interfered with the relationship between language and math. All these naturally led to
different research results. Above all these, the relationship between language and math may not
be static but change indeed across grades as well as within each grade. More importantly, few
studies directly controlled for the language proficiency of individual students before comparing
their math scores, which means the impact of language in math assessment for individual
students was ignored, resulting in an inaccurate representation of the overall math achievement
gap between ELLs and Non-ELLs as two groups.

To counter-balance these issues, a better research design and methodology need to be used.
For example, a cohort of students traced and measured by the same instruments for several years
addresses the issue of sample difference. A quantile regression methodology that models more
than the central tendency can handle the differential language effect at various math ability levels.
Adding the language proficiency covariate solves the last limitation mentioned in the paragraph
above.

1.2 Purpose of the Study and Research Questions

Deeper understanding between language and math facilitates critical decisions. For example,
language may be found to have a bigger impact on math achievement for all students with low
math ability. Therefore, language support should be given to all students be them ELLs or not.
This information may lead to alternative resource allocation policies in schools. A longitudinal
examination of the relationship may reveal that a math score with language influence directly
controlled produces a different magnitude of math achievement gap than if the language impact
is not controlled. This may then suggest a different way to describe students’ math achievement
and progress. Because test scores are frequently used to measure school effectiveness as well,
these findings will also inform school level accountability decisions.

)



No matter for what purpose the test is designed, if the scores are assumed to reflect math
achievement, analysis should start with a purer or adjusted math component. For this purpose, it
is suggested that the language variance should be partialled out of the math score before the math
achievement and growth can be properly described. Whether to study the relationship between
the two variables or controlling one to report the other, regression is the natural choice of
statistical method. Quantile regression is used instead of traditional mean regression for many
advantages to be discussed later.

This study aims to answer the following three research questions:

1. How does language proficiency affect math achievement within and across grades?

2. How does math performance vary with respect to other background variables such as
gender and socioeconomic status after language proficiency is controlled?

3. Does the math achievement gap between ELLs, former ELLs, and Non-ELLs increase or

decrease as students move to higher grades?

1.3 Theoretical Background

1.3.1 English Language Learners and the Inequality in Educaiton

“English language learners (ELLs)” is only one of the many terms used to refer to a specific
group of students. This group is actually heterogeneous in first language, cultural background,
family history, social economic status and educational orientations (LaCelle-Peterson & Rivera,
1994). They are also defired differently in different states (Goh, 2004) and according to different
performance standards (Abedi, 2007; Chalhoub-Deville & Deville, 2008). Despite all these
differences, these students share the same fact that they are still in the process of learning the
English language and may have more challenges in academic achievement due to their limited
language proficiency. The current research used the term “English Language Learners (ELLs)”
rather than “Limited English Proficiency Students” (NCLB, 2001) to eliminate any negative
connotations of a deficit (Kieffer et al., 2009).

The high educational risk for ELLs has been noticed and documented by different sources:
ELLs have high risk of academic failure and school dropout (Garcia, 2000); ELLs score lower
than main-stream students on national assessments in reading, math and science (Kieffer et al.,
2009; U.S. Department of Commerce Bureau of Census, 1993); proportionally more ELLs are
receiving special services (Kretschmer, 1991); and ELLs have lower rates of college entry and
progress at the university level (Astin, 1982).

Studies have been conducted to try to trace the causes of these phenomena. Some insights
have also been provided. For example, scholars believe many critical decisions concerning ELLs
focus exclusively on test scores but the reliability and validity of standardized test scores for
ELLSs are problematic (Abedi 2002; Chalhoub-Deville & Deville, 2008; Lam, 1993). As a result,
ELLs’” achievements may be underestimated. Others found that ELLs lack the opportunity to
learn the content knowledge (Herman & Abedi, 2004; Wright & Li, 2008) although they might
have achieved appropriate language proficiency by the time they need to go to college
(Pennock-Roman, 1990). The actual inequality in education is the result of both learning and
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assessment. The common cause of these, however, is the impact of language demands in
academic settings (Abedi and Lord, 2001; Kato et al., 2004; Matinez et al., 2009; Stevens, Butler,
& Castellon-Wellington, 2000; Wright and Li, 2008).

1.3.2 Language Proficiency in Academic Settings

Whenever language proficiency is discussed, BICS and CALP are the two terms that have to be
distinguished. Cummins first named them and emphasized the difference on several occasions
(1979a; 1999). BICS refers to Basic Interpersonal Communicative Skills and CALP refers to
Cognitive Academic Language Proficiency. The former deals with everyday social interaction
and the latter relates more closely to classroom activities. BICS can be learned rather quickly
within two years at peer-appropriate level but CALP takes a much longer time for immigrant
children (Collier, 1987; Cummins, 1981a, 1981b, 1984; LaCelle-Peterson & Rivera, 1994).

Cummins (1999) pointed out that the two concepts are not mutually exclusive. The
distinction is made to emphasize the different patterns of development. While BICS such as
phonological skills and fluency may reach a plateau quickly, CALP skills such as literacy and
vocabulary continue to grow throughout schooling. In this sense and in the context of educational
settings, language proficiency leans heavily towards CALP. The terminology has been updated to
Academic Language Proficiency (ALP) in current ELL literature and is sometimes referred to as
Academic English since English is the language of instruction in the U.S. system. ALP is now
widely accepted to be the key to school success because it is required to understand teacher talk,
participate in class and handle content assessment (Bailey & Butler, 2003; Stevens, Butler &
Castellon-Wellington, 2000; Wilkinson & Silliman, 2000). ALP includes all four language
domains, namely listening, speaking, reading and writing. Reading and writing are more
important than listening and speaking in common assessment settings because they are the skills
usually necessary for students to understand the questions and to respond to them.

Theory on language proficiency has developed beyond the simple and rigid way of
decomposing it as Cummins did. Other concepts such as communicative language competency
(Bachman, 1990; Bachman & Palmer, 1996) and language-in-use-in-context (Chalhoub-Deville
& Deville, 2006) introduced a framework of a changing construct depending on the environment
rather than a static one. On the other hand, definition of ALP is urged to be more specifically
related to academic contents (Bailey, 2000; Bailey & Butler, 2003). All these reveal the challenge
in developing an assessment of ALP. The discussion on this topic will not be replicated here but it
is important to be aware of because it limits the choice of the key independent variable for this
research.

Ideally, to control for academic English proficiency in academic assessment, a high quality
ALP test score should be used. However, this is not widely available in practice. The current
research for example, uses a reading score as a proxy of ALP. This is a reasonable practice for
three solid reasons. First, there are few high quality ALP tests available. Research on academic
language proficiency has shown the challenges in creating such instruments (Bailey, Butler &
Sato, 2005; Chalhoub-Deville & Deville, 2008). Lacking guidance is just one of them, which
4



explains the failure of existing tests to meet desirable psychometric quality (Abedi, 2002, 2007).
Second, use of ALP assessment seems to be limited to the ELL population only. However,
language affects math achievement for everyone (Abedi & Lord, 2001; Freeman & Crawford,
2008). If language proficiency is to be studied, it is better to have the measurement for everyone
including Non-ELLs. Reading assessment is usually conducted on everyone and thus can serve
this purpose. In addition to this, the heterogeneous difference within ELLs can also be taken into
consideration by the direct measure of language proficiency at the individual lcvel rather than a
rough group membership of being ELLs or Non-ELLs (Chalhoub-Deville & Deville, 2008).
Third, understanding written text is the first important form of language proficiency for cognitive
functioning (Mestre, 1988). Reading is the skill that is inseparable for performance in tests while
other modes such as speaking or writing are usually not as involved or critical for math
assessment. In this sense, reading is regarded as a close substitute of academic language
proficiency and does not overestimate language influence in assessment by involving irrelevant

language domain skills, that is, listening, speaking and writing.

1.3.3 Accommodation for ELLs

Standardized tests have been widely accepted in educational assessments because they can
increase reliability and reduce random measurement error due to testing procedures. The key
features are the standardization of test form, test administration procedure and predefined scoring
rubrics (Goh, 2004). However, standardized tests have been shown to be inappropriate for ELL
population for several reasons. For example, ELLs may not be represented in the norming
population (Davison, 1994; Stevens et al., 2000) and the meaning of standardized test scores may
not be the same for ELL versus Non-ELL students (LaCelle-Peterson & Rivera, 1994). Also,
assumptions about students who take standardized tests are obviously violated for ELLs (Lam,
1993). For example, one of the assumptions is that test takers have no linguistic barriers that
inhibit their performance on the test. This assumption was rarely supported by standardized tests.
On the contrary, because of the confounding issue of language in content knowledge assessment,
it cannot be judged whether the performance of students on standardized tests reflects their
language ability or content knowledge (Abedi et al., 2005; Bailey & Butler, 2003; Kieffer et al.,
2009; Rivera et al., 2006).

NCLB and the Standards (AERA et al., 1999) both support the necessary accommodation
for ELLs in standardized testing to accurately measure their achievement and progress. In the
Standards (AERA et al., 1999), accommodation is defined as “the general term for any action
taken in response to a determination that an individual’s disability requires a departure from the
established testing protocol” (p.101).

The disability here is the limited language proficiency for ELLs. Goh (2004) summarized
four possible accommodations for ELLs, including setting modifications, timing and scheduling
modifications, presentation modifications and response modifications. Certainly, all these
accommodations assume that that language proficiency limitation can be easily overcome

through some procedural help during testing. However, research has shown that only linguistic
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accommodations can make a difference in student performance while other common practices
such as extra time did not help (Abedi, 1999a, 1999b; Abedi & Hejri, 2004; Francis et al., 2006;
Menken, 2000). As already mentioned, the gap between the academic achievement of ELLs and
Non-ELLs can be traced to both the learning process and the assessment process.
Accommodation just in the testing procedure is not enough to eliminate irrelevant factors in
assessment.

Consistent with this insight, new programs have been started to reduce the linguistic burden
for students both during learning and assessment. Help with English Language Proficiency
(HELP) Math program (Freeman & Crawford, 2008; Tran, 2005) is a Web-based curriculum
aimed to provide interactive lessons and to “essentialize mathematical vocabulary and academic
concepts so that students can better understand the content” (Freeman & Crawford, 2008, p. 5).
Other programs, such as Obtaining Necessary Parity through Academic Rigor (ONPAR), aim to
use innovative computer-based items with minimal language requirement to assess ELLs
(Kopriva et al., 2009). However, to ensure the validity of test score interpretation, test format
should be consistent with the teaching format. That is, the way the students are assessed should
be the same as they are taught. Both HELP and ONPAR are valuable researches but they are not
used in practice on the same students. Unless the students are taught and assessed with the same
kind of support, the validity question of what a test is measuring remains a challenge.

Researchers have pointed out that all accommodations require extra resources and money
(Abedi, Hofstetter & Lord, 2004; Abedi & Lord, 2001). The above mentioned innovative
instruction and corresponding assessment are not widely used in the U.S. Cost may be one of the
reasons. Before all students have access to these types of innovative instruction and assessment,
another feasible approach is needed to better describe students’ achievement with efficiency.

The approach recommended in this research is to control for the language proficiency of
students and report residual of content test scores (math in this case) after the language
proficiency is partialled out. In this way, students” achievement can be depicted independent of
their language ability. Whether students’ achievement is due to the learning or the assessment is
not the topic here. The interest here is to describe the math achievement and do it in a more
accurate way. This approach is named “accommodation in score reporting” and can be regarded
as an alternative to accommodation for ELLs. To follow the principal of fairness (AERA et al.,
1999), this accommodation in the form of partialling out the language impact before reporting
math should be done for both ELLs and Non-ELLs since literature has shown that language
affects math for all students (Abedi & Lord, 2001; Freeman & Crawford, 2008; Kiplinger, Haug
& Abedi, 2000).

1.4 Chapter Summary

Language proficiency affects content knowledge learning and assessment especially for ELLs.
While regular standardized tests failed to take students’ language proficiency into consideration,
test results may not reflect students’ achievement accurately. In addition to this, the relationship
between language and math may vary among students within and across grades. To better explore
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