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ABSTRACT

This study aims at answering questions pertaining to the performance of
bilingual Arab-American students on solving word problems written in their
home and school languages: (1) Does the language in which a word problem is
stated have an effect on the performance of the bilingual Arab-American
students?; (2) Do Arab-American students with higher levels of Arabic
proficiency perform better in either or both versions of the word problems?; and
(3) What are some common differences and similarities in the problem solving
processes of Arab-American students as they solve problems in English or
Arabic? The study used both quantitative and qualitative methods to analyze
these questions.

A total of 173 students from a full-time Islamic school participated in
this study: 56 students in fifth grade, 56 students in sixth grade, and 61
students in seventh grade. All students were asked to solve two sets of ten
word problems each. The students were randomly assigned to one of four
groups.

Results showed that Arab-American students performed significantly
better in the English version of the word problems. Arab-American students
with higher levels of Arabic proficiency performed better in the Arabic version of
the word problems. Students’ standardized scores on mathematics problem
solving was a significant factor in explaining variances in student performance

on both language versions of both sets of word problems. While students’

XV



standardized scores on reading comprehension was a significant factor in
predicting the students’ performance on the English version of the word
problems, students’ final average in the Arabic subject was a significant factor
in predicting students’ performance on the Arabic version of the word
problems.

Differences and similarities emerged in the problem solving processes of
Arab-American students solving the word problems in either English or Arabic.
Some students found statements involving double comparisons, problems with
hidden information, and problems that required multi-step solutions or
thinking backwards to be problematic in both language versions of the
problems. Difficult vocabulary was especially problematic for students when

solving the Arabic version of the word problems.

KEYWORDS: Arab-Americans, bilinguals, language minority students, Arabic
language, math problem solving, word problems, multicultural education,

student achievement.
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CHAPTER ONE
INTRODUCTION

This study investigated the effect of student comprehension levels in the
home language (Arabic) and the language of instruction (English) on their
abilities to solve mathematical word problems presented in both languages.
The study also investigated whether students with higher levels of
comprehension in the home language tend to perform better on either language
versions of the word problems. The study finally explored any common trends
in student processings of both language versions of the problems.

This chapter describes the background of the study, the theoretical
framework, the purpose of the study, the research questions, and the
significance of the study. A list of definitions of terms, limitations and
delimitations, and the organization of the study are included at the end of the

chapter.

Background of the Study
Many studies have shown that students’ difficulties and poor
performance in mathematical problem solving are more of a linguistic nature
rather than intellectual or cognitive (Bernardo, 2002; Dawe, 1983; De Avila &
Duncan, 1985, Mestre, 1988). This influence of language on problem solving
skills is particularly salient for students who are bilingual and are considered

to be language-minority students. Cuevas (1984) points out that a major



source of underachievement in school is students’ inability to understand the
language of instruction. Khisty (1995) makes it clear that language is crucial
in the teaching and learning process by which meanings are developed and
shared within the classroom. Aiken (1972) reports that reading comprehension
highly correlated with problem solving abilities and that difficult vocabulary
and syntax continue to be an impediment to successful problem solving.

Students who are not native-born English speakers are often labeled as
Limited English Proficient (LEP) or language minority students. Such
educational labels tend to call attention to what students cannot do. In
addition, the term “minority” tends to carry the meaning of inferiority, even
though it is used in reference to the numerical status of these particular
students. This sensitivity towards labeling has been reflected in refraining
from referring to people as “disabled” or “handicapped”, but rather as people
who are “physically challenged” or “differently abled”, thus, steering focus away
from their limitations and viewing them in terms of their capabilities (McLeod,
1994). Negative labels may color the treatment of students who lack English
fluency and enhance false assumptions that somehow students who cannot
speak English proficiently also lack the intellectual capacity for high level
academic achievement (McLeod, 1994).

The National Assessment for Educational Progress (NAEP) reported that,
in 2003, 51% of Limited-English-proficient (LEP) students in 4t Grade and
74% in 8t Grade performed below the Basic level nationwide, while only 9% of

LEP students in 4th Grade and 5% in 8th Grade performed at or above the



Proficient level (National Center for Education Statistics [NCES]|, 2003).
Compare these percentages to 24% of public school students nationwide in 4tk
Grade and 33% in 8th Grade performing at below Basic level; while 31% in 4th
Grade and 27% in 8th Grade performing at or above Proficient level. Of the
ELL students in grades 4 and 8, 44% (7% less from 2003) and 70% (4% less
from 2003) performed below the Basic level nationwide, respectively. Of the
ELL students in grades 4 and 8, 13% (4% more than 2003) and 6% (1% more
than 2003) performed at or above the Proficient level, respectively. On the
other hand, 16% of non ELL public school students in 4th Grade (8% less than
2003) and 27% in 8th Grade (6% less than 2003) performed at below Basic
level; while 42% in 4t Grade (11% more than 2003) and 33% in 8th Grade (6%
more than 2003) performed at or above Proficient level. ELL students have
shown slight improvement in 2007, compared to 2003; however, public school
students have shown greater improvement, especially for those performing at

or above Proficient level (NCES, 2007).

Theoretical Framework
In an attempt to understand the low academic achievement of students
from non-English language backgrounds, the educational status is analyzed
from two different approaches. The traditional approach focuses on the inner
abilities of the students, thus emphasizing the psychological aspect of learning,
whereas the more contemporary approach shifts attention to the conditions of

learning in a sociological framework (McLeod, 1994). The traditional approach



is a psychologically based model that sees language as the main obstacle to
success, and therefore promotes programs that teach English as a second
language as the means to help these students achieve success (McLeod, 1994).
The goal is to enable students to become more acceptable in the mainstream
society by overcoming the language barrier and helping non-English speakers
to become better English speakers (McLeod, 1994). This approach focuses
more on imitating already successful groups, hence ignoring the emotional and
identification aspects of second language learners (McLeod, 1994). On the
other hand, the sociological approach seeks to achieve parity through accepting
the non-English speakers into the mainstream society as he or she is, without
sacrificing diversity or demeaning any particular group. Identifying non-
English speaking students as members of a subordinate group is the main
obstacle these students face, not the lack of language skills (McLeod, 1994). If
treatment of these students in the day to day classroom activities is ensured to
be fair and just, then the end goal of improving their achievement levels will
naturally occur as a result (McLeod, 1994).

Both approaches agree on the need to achieve parity between the level of
achievement of students from non-English backgrounds and native English
speakers. However, they disagree on how to achieve this goal (McLeod, 1994).
As these two approaches converge, a new model of teaching emerges that
embodies the strengths of both models and tackles shortcomings and oversight

present in either. This new model recognizes the importance of both cognitive



and socio-emotional factors in the learning process of non-English speaking
students (McLeod, 1994).
Purpose of the Study

The purpose of this study is to investigate the performance of Arab-
American students when solving mathematics word problems in Arabic and
English. Students who participated in this study were mostly non-native
English speaking students sharing similar cultural background where the
home language is non-English and mostly Arabic. The purpose of this study is
to provide a source of input on how this particular group of bilingual students
performs on mathematical problem solving when problems are presented in
their home language (Arabic) or in their language of instruction (English). This
study explored the effect of students’ comprehension levels in the Arabic and

English languages on their mathematical problem solving abilities.

Research Questions
This study aims at answering the following questions for Arabic speaking
students who are literate in both English and Arabic:

1. Does the language in which a mathematical word problem is stated
have an effect on the performance of the bilingual students?
Specifically, is there a difference in the performance of Arab-
American students when solving word problems in English compared

to solving word problems in Arabic?



2. Do Arab-American students with higher levels of Arabic proficiency
perform better in either or both versions of the word problems?

3. What are some common differences and similarities in the problem
solving processes of Arab-American students as they solve problems

in English or Arabic?

Significance of the Study

There has been growing interest in the effects of bilingualism on the
students’ cognitive abilities; however, the majority of research has focused on
Hispanic students and other minorities, overlooking the Arabic speaking
population. This study adds to the existing body of research on bilinguals’
performance in mathematical problem solving through its attention to Arab-
American students. The lack of research on this particular student population
makes this study exploratory in nature and an important first step setting

direction for future studies.

Definition of Terms
The following terms are defined in reference to their use for the purpose
of this study:
Language proficiency vs. verbal ability: the term language proficiency is used to
refer to language skills of persons who do not exhibit native-like skills, while
the term verbal ability is used to refer to a continuum of verbal skills

observable in native speakers (Duran, 1985).



ELL: English Language Learners.

NEP: Non-English Proficient.

LEP: Limited English Proficient.

L1: first language which refers to the home language.

L2: second language which refers to the school language.

Semilinguals: Students who possess less than native-like skills in both
languages (Cummins, 1979).

Fully bilingual: Students who possess native-like skills in both languages
(Cummins, 1979).

Arab-American: An Arab-American is a person who resides in the United States
and holds an Arab cultural and linguistic heritage. For the purpose of this
study, students are referred to as Arab-Americans because their home
language is Arabic and they are currently living and studying in the United
States. The term Arab-American does not convey any indication of the
student’s proficiency in either the Arabic or the English languages. In fact,
Arab-American students participating in this study include students that can
be described as ELL, NEP, LEP, semilinguals, and fully bilinguals. They are
considered to be language-minority population. SAT reading comprehension is
the measure that was used in this study to differentiate between the levels of
English proficiency of these students.

Stanford Achievement Test, tenth edition: The Stanford Achievement Test (SAT)
is a standardized test that measures student achievement in reading, language,

spelling, study skills, listening, mathematics, science and social science for all



grade levels. For the purpose of this study, only reading comprehension and
mathematics problem solving categories within the SAT test were used to
measure students’ proficiency in the English language and ability in
mathematical word problem solving.

Arabic final average: the overall average in the Arabic subject given by the
school at the end of the academic year. This grade acted as a general measure
of Arabic competency of the students participating in this study.

Linguistic distance hypothesis: The differences between semantics, functions
and status of languages are referred to in sociolinguistic theory as the
linguistic (language) distance (Halliday, 1975).

Cognitive constructivism: Cognitive constructivism explains how learners
adapt and refine mental structures that are viable and reflective of one’s
personal experience (Windschitl, 2002).

Social constructivism: Social constructivism views knowledge as the product of
the individual’s participation in meaningful activities with others, where much
emphasis is placed on communication and negotiation within a mathematical
community of learners (Noddings, 1990).

NCTM: the National Council for Teachers of Mathematics is an organization of
mathematics educators and administrators who embarked on a mission to
drastically improve mathematics education in the United States and Canada.
Equity: Equity as defined by NCTM does not translate to providing all students
with identical instruction, but rather making practical and realistic

adjustments to instruction so that all students have equal access to success.



Limitations and Delimitations of the Study

This study has been conducted in a full-time Islamic school in the
Eastern region of the United States. The population of this study consisted of
173 students from grades 5, 6, and 7. The size of the study sample is relatively
small. I used the final yearly average for the Arabic subject given by the school
due to the lack of standardized testing in the Arabic subject. While this
average provided an overall measure of students’ level of competence in the
Arabic language, it did not provide a specific measure of the level of
comprehension of the student in the Arabic language.

This may limit the generalizability of the findings of this study to
students who are Arab-American enrolled in full-time Islamic schools in the

United States.

Chapter Summary

Many students, including Arab-Americans, struggle in mathematics.
There is a lack of research on exploring factors that might affect Arab-American
students’ performance in mathematics, particularly in solving word problems.
Based on my literature review, many studies found that limited proficiency in
the language of mathematical instruction contributed to difficulties faced by
bilinguals, especially when the language of instruction of the mathematics was
in their weaker language (Aiken, 1972; Bernardo, 1999; Cuevas,1984; Dawe,
1983; De Avila & Duncan, 1985). This study goes beyond investigating the

relationship between students’ linguistic proficiency, the language of the



mathematical word problems, and the students’ mathematical problem solving
abilities. The students’ individual solutions have been carefully studied to
detect any patterns or mistakes specific to the Arabic version of the word

problems.

Organization of the Study

This study is organized into five chapters that present literature and
research results on the influence of language on bilingual students’ processing
of mathematical word problems.

Chapter I describes the background of this study, the theoretical
framework, the purpose of this study, the research questions, and the
significance of the study. A list of definitions of terms is included explaining
the context in which these terms will be utilized within the study. At the end of
this chapter, a limitations and delimitations section followed by an overview of
the organization of the study is included.

Chapter II contains a review of the literature pertaining to this study.
The chapter begins with an overview of the constructivist theory and then
presents NCTM’s goals and achievements focusing on issues of equity and
cultural diversity in relation to bilingual students. A description of factors
affecting the quality of acquiring a second language and a detailed account of
Cummins theory on how bilinguals can achieve cognitive competence follows.
Finally, a discussion of how knowledge of more than one language relates to

students’ performance in mathematics together with an account of findings
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from several studies on bilingual students’ performance on mathematical
problem solving follows.

Chapter III describes the methodology of this study. It begins with a
reference to the purpose of the study and the research questions. This chapter
includes a detailed description of the procedures for conducting the study, the
sample population, instrumentation, the research design, the data analysis
procedures, and research issues, such as reliability and validity of the study.

Chapter IV presents the findings of this study. This chapter begins with
the results of the quantitative statistical analysis from running descriptive
statistics, correlations, MANCOVA, MANOVA, a multiple regression, and finally,
a simple regression followed by a multiple regression. The second part of this
chapter reports the results of the qualitative analysis of student word problems
processing for each problem in both sets.

Chapter V, the final chapter, ends with relating the findings of this study
to the research reported in the literature review. The chapter ends with

implications for teaching and implications for further study.
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CHAPTER TWO

REVIEW OF RELATED LITERATURE

Introduction

This literature review begins with an overview of the theoretical
framework guiding this study, namely the constructivist theory. This leads
into presenting the contributions of NCTM in the advancement of the
mathematics education with special attention to its first principle of equity and
how it impacts the mathematical education of students with diverse cultural
and linguistic heritage. I then describe the relationship between bilingualism
and cognitive achievement, as well as factors affecting the quality of acquiring a
second language. Then, a detailed account of Cummins theory that shows the
importance of continually developing the first language in order for bilinguals
to attain cognitive benefits follows. Finally, a discussion of how knowledge of
more than one language relates to students’ performance in mathematics
follows, along with an account of several studies’ findings with respect to

bilingual students’ performance on mathematical problem solving.

Theoretical Framework
Constructivist Theory
Constructivism is the basis for progressive pedagogy (Windschitl, 2002).
From the historical perspective, constructivist movement is in many ways

similar to earlier progressive movements that advocated a shift from teacher
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centered to child centered instruction. Both encouraged teaching for
conceptual understanding rather than factual memorization (Windschitl,
2002). Early attempts to reform were reported as early as the late 1800s and
included taking students on fieldtrips to the countryside with the intent of
teaching them geography in context (Windschitl, 2002). Other attempts
included adapting the curriculum to the needs and interests of the students as
means of enabling students to become autonomous learners (Windschitl,
2002), self-motivated and active participants in the learning experience.

Ernst von Glasersfeld (1990) derives the following basic principles of
constructivism from Jean Piaget’s writings whom he and many others
considered to be the great pioneer of the constructivist theory of knowing:

1. Knowledge is not passively received either through the senses or by
way of communication. Knowledge is actively built up by the
cognizing subject.

2. (a) The function of cognition is adaptive, in the biological sense of the
term, tending towards fit or viability;

(b) Cognition serves the subject’s organization of the experiential
world, not the discovery of an objective ontological reality (pp 22-23).

Through actions and reflection on actions, individuals construct their
own reality which is viable within the realm of their experience (Steffe & Kieren,
1994). Moreover, students’ constructed knowledge is not considered a mirror

of an objective/existing reality that lies beyond them (Steffe & Kieren, 1994),
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but rather the conceptual means through which individuals make sense of
their own experience (von Glasersfeld, 1990).

It was Piaget’s cognitive development psychology, and not his
epistemology, that greatly influenced the constructivist thought (Steffe &
Kieren, 1994). Both Piaget and Kant made a distinction between empirical
knowledge and logico-mathematical knowledge (Noddings, 1990). However,
while Kant viewed cognitive structures as innate, Piaget believed that they were
products of development (Noddings, 1990). Similarly, while Chomsky viewed
the linguistic structures of mind to be innate, Piaget maintained that the
development of certain logical structures through the coordination of action
preceded the construction of linguistic structures and made them possible
(Noddings, 1990). Both would agree that cognitive structures are themselves
products of continued active construction (Noddings, 1990). Constructivism is
thus a combination of a process of assimilation in which knowledge is created,
and a process of accommodation in which existing constructs are continually
revised and modified based on new experience (Noddings, 1990).

Based on Piaget’s logical structures and emphasis on experience in
constructivism, children are ready to learn fundamental structures of
mathematics through working with physical materials (Steffe & Kieren, 1994).
Cognitive research has shown that learners’ mathematical thinking progress
from the concrete to the abstract (Baroody & Ginsburg, 1990). Hence, a direct
application of the Piagetian theory is the heavy use of manipulatives in

teaching; the difficulty, however, lies in providing students with a meaningful
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purpose to engage them in the learning process (Noddings, 1990). The
underlying principle of constructivism is that understanding cannot be
imposed upon the learner (Baroody & Ginsburg, 1990). Children, like adults,
will usually engage in the learning process when they are presented with a
novel task of medium complexity that triggers their interest or arouses their
natural curiosity (Baroody & Ginsburg, 1990). Vygotsky (1978) referred to the
distance between the learner’s current level of knowledge and the attainable
level of knowledge within reach of the learner as the zone of proximal
development (ZPD). Within this ZPD, children are constructing knowledge
through problem solving, collaboration, and social interaction In his own
words, Vygotsky (1978) defines ZPD as “..the distance between the actual
development level as determined by independent problem solving and the level
of potential development as determined through problem solving under adult
guidance or in collaboration with more capable peers (p. 86).” A main source
for learning difficulties is the gap between formal instruction which is usually
abstract and the child’s existing knowledge of mathematics which is usually
concrete and informal (Baroody & Ginsburg, 1990). When formal instruction is
disconnected from the students’ existing knowledge and the learning tasks are
either too complex or too repetitious and redundant, students will quickly lose
interest because they either are not yet ready to learn the material or it makes
little or no sense to them (Baroody & Ginsburg, 1990). Polya (1963)
acknowledges that abstractions are important in the study of mathematics,

however all means should be taken to make them more tangible and accessible
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for the students. Hence, implications for successful teaching are: to develop
diagnostic teaching strategies in the zone of current knowledge; to progress to
the zone of proximal development through the use of authentic activities such
as problem solving; and to reshape the roles of the teacher and the other
learner, the more capable peer (Harland, 2003). A key to successfully
diagnosing the current level of knowledge and progressing through the zone of
proximal development is to reflect critically about learning (Harland, 2003).
Furthermore, authentic activities are essential components for establishing the
best environment for learning (Harland, 2003) which are the opposite of the
‘busy work’ described by Dewey (1938) as “something that has the semblance
but not the substance of scientific activity.” (p. 108)

Constructivists propose that all mental activity is constructive, even in
passive learning situations that involve drill and practice or listening to
lectures (Windschitl, 2002; von Glasersfeld, 1995; Noddings, 1990). So,
instead of debating on whether a learning situation is constructive or not, some
theorists suggest differentiating between “strong” acts of construction and
“weak” ones (Windschitl, 2002; Noddings, 1990). Connecting new information
with existing concepts to form internally coherent and meaningful body of
knowledge that can later be used to further construct new knowledge reflect
“strong” acts of construction (Windschitl, 2002). On the other hand, “weak”
acts of construction usually occur through memorization or recollection of

pieces of information that are disconnected from existing knowledge
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(Windschitl, 2002) and have no practical application to the knower (Noddings,

1990).

Types of Constructivist Learning

Some theorists emphasize the cognitive process as constructivist
learning; others emphasize the social processes, depending on whether the
focus is the individual as the learner, or as the social co-constructor of
knowledge (Windschitl, 2002). Cognitive constructivism explains how learners
adapt and refine mental structures that are viable and reflective of one’s
personal experience (Windschitl, 2002). Focus is on studying and explaining
the individual’s ability to use tools, information resources and input from other
individuals to solve problems that arise in the learning process while
maintaining and refining ideas that are reasonable to the learner (Windschitl,
2002). The backbone of the process of construction is for the learner to
develop personal autonomy (Confrey, 1990). Hence, as teachers, we provide
the learner with the lens and the tools to make sense of the world and be able
to reflect on those lenses to further develop their cognition (Confrey, 1990).
Social constructivism, on the other hand, views knowledge as the product of
the individual’s participation in meaningful activities with others. Much
emphasis is placed on communication and negotiation within a mathematical
community of learners (Noddings, 1990). The use of small groups in
cooperative learning enables children to gradually internalize the talk that

occurs in group interactions (Vygotsky, 1978). They engage in task-oriented
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dialogue (Windschitl, 2002) during which they begin to question each other’s
reasoning and challenge each other while at the same time monitoring their
own mental processing until they reach consensus (Noddings, 1990) and come
up with “shared constructs”. Some scholars offered a way of combining the
cognitive and social constructivist perspectives by claiming that “knowledge is
personally constructed and socially mediated” (Windschitl, 2002). Each
individual makes sense of their own personal experience within the constraints
of the social interaction through collaboration and communication with other
members of the social group to achieve a fit and a consensus within the

domain of the social environment (von Glasersfeld, 1990).

NCTM and Constructivism

The business community is always on the lookout for employees who can
think creatively, can identify and solve problems, are flexible and able to meet
the ever changing work demands, and can work collaboratively with others to
produce complex and sophisticated products (Windschitl, 2002). Mathematical
competence has always played an important role in opening doors for more
productive futures. Realizing that, and the need for continually improving the
quality of mathematics instruction to remain competitive with other countries,
the National Council for Teachers of Mathematics (NCTM) embarked on a
mission to drastically improve mathematics education in the United States and
Canada. Beginning in 1989, NCTM published several documents articulating

goals and regulations for both teachers and policymakers with respect to
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curricula, teaching, and assessment. The latest of those documents is the
Principles and Standards for School Mathematics, published in 2000, which
describes the basic skills and understandings necessary for students to be
proficient and competent in the twenty-first century. The document is divided
into sections highlighting:

(1) The Principles: Principles deal with broad mathematical issues,
mainly: equity, curriculum, teaching, learning, assessment, and technology.
These principles lay the foundation on which educators could base their
decisions related to school mathematics.

(2) The Standards: Standards consist of a total of ten comprehensive
goals: five of which discuss instructional goals in the content areas of number
and operations, algebra, geometry, measurement, and data analysis and
probability; the other five describe procedural goals in problem solving,
reasoning and proof, connections, communication, and representation. The
ten Standards are discussed in detail including a set of expectations specific to
each of the four grade bands: from prekindergarten to grade 2; grades 3 to 5;
grades 6 to 8; and grades 9 to 12. Discussion of the issues pertaining to the
practical applications of the Principles to help make the vision set by NCTM a
reality is included.

Consistent with the theory of constructivism, NCTM (2000) maintains
that “students learn more and better when they take control of their own
learning. (p. 5)” Making conjectures, experimenting with various approaches

to solving problems, constructing mathematical arguments and responding to
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others’ arguments, characterize an active learning environment advocated by
NCTM (2000). Problem solving is considered to be a goal as well as a means of
learning mathematics. Through problem solving, students build new
mathematical knowledge, apply and adapt a variety of appropriate strategies to
solve problems while monitoring and reflecting on the process (NCTM, 2000).

In mathematics education, acknowledging the learner as an active
knower implies a way of teaching where teachers who embrace the
constructivist philosophy act as agents of change rather than transmitters of
knowledge (Noddings, 1990). Their aim should include teaching students how
to think for the purpose of solving problems by utilizing formal thought
processes, such as inductive and deductive reasoning, as well as informal ones,
such as making educated guesses about the results of the problem before
actually solving the problem (Polya, 1963). Students learn mathematics most
efficiently through guided discovery, meaningful application, and problem
solving rather than imitating teacher’s manipulation of formal symbols through
worked out examples and preset algorithms (Goldin, 1990). Polya (1963)
identifies three principles of learning:

1. Active learning: “The best way to learn anything is to discover it by
yourself.” Hence, allowing students to discover the major concepts of
the lesson and to establish the mathematical relationships by
themselves make the learned information more accessible for future

use.
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2. Best motivation: Allowing students to formulate their own problems
requires more insight and originality than working on the solution,
and usually motivate them to work harder to solve the problem. A
desirable attitude of the mind to instill in the students would be to
encourage them to guess the result before actually solving the
problem, hence, following the example of real life scientists.

3. Consecutive phases: Learning begins with (1) exploration and
perception through manipulating and experiencing with concrete
objects; (2) then formalization to a more conceptual level that involves
the use of terminology, definitions, and proofs; and (3) assimilation,
where the learnt material is mentally digested and incorporated
within the larger system of knowledge leading to higher
generalizations on one hand and practical application on the other.

Constructivist teachers build their instruction on students’ current

knowledge. Because students learn by connecting new ideas to prior
knowledge (NCTM, 2000), such teachers are aware of what children bring to
the learning situation and they continually evaluate growth in students’
understanding through observing, questioning students’ solutions and
listening to students’ interacting with each other (Steffe & Kieren, 1994). A
constructivist teacher is more interested in learning how students developed
their solution rather than being presented with a faultless product (Noddings,
1990). Hence, part of the effort of the constructivist teacher is to help students

make their conceptual models explicit through reflection and communication in
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order to overcome misconceptions about the students’ ways of perceiving an
idea, (Confrey, 1990). A constructivist teacher challenges students’ existing
ideas and presents them with problems that encourage students to engage in
discussions utilizing new ideas in different contexts (Windschitl, 2002). They
encourage students to discover that various roads might lead to the intended
solutions or instructional endpoints (Noddings, 1990). In ideal problem solving
situations, teacher’s input and guidance should be given only if necessary, so
that students don’t become preoccupied with trying to fulfill or discover the

teacher’s expectations and intentions (Noddings, 1990).

NCTM and Equity

The NCTM’s Principles and Standards (2000)had a profound
influence on the reform in mathematics education. NCTM acknowledged that
among the issues that have been ignored in the teaching and learning of
mathematics were considering the contribution of the student cultural
experiences, social background, and the effect of student gender on their
learning. In adherence to the importance of cultural heritage, several writers
have written books or articles connecting a particular culture to mathematics.
Many of Ladson-Billings (1995a, 1995b, 1997) work focus on culturally
relevant strategies for teaching African-American students mathematics and
other subjects. Several books by Zaslavsky (1994, 1996, 2003) describe
different mathematical activities or games that are practiced by diverse

cultures in distinct parts of the world. Other writers use a multicultural
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perspective to provide lenses from which diversity can be appreciated (NCTM,
1997; Nelson, 1993). Germain-McCarthy and Owens (2005) provide case
studies of teachers engaging students in a learning environment that is
relevant to the student cultural backgrounds and is in accordance with NCTM
recommendations and standards. Teachers portrayed use problems or
situations that have a cultural connection to classrooms of African-American
students, Muslim Arab-American students, Euro-American students, Haitian
students, Hispanic students, and native-American students. In this book, the
researcher of this study is profiled in a lesson to a group of Arab-American fifth
grade students focusing on Islamic inheritance laws as a motivation for
teaching multiplication of fractions (Sarmini, 2005). The lesson made
connections to the important historical mathematician, Al-Khawarizmi and
implemented the use of both Arabic and English languages to show how the
terms ‘algebra’ and ‘algorithm’ originated from the Arabic terms. The lesson
touched on how the Islamic inheritance law is related to the general
inheritance laws found in the American society.

Such connections address concerns reflected in a statement issued by
NCTM in September of 2008 declaring its position on students who speak a
first language other than English or have related cultural differences:

Every student’s cultural heritage should be accepted and

celebrated for the diversity that it brings to the learning

environment. Expanded opportunities should be available to

English language learners (ELL students) who need them to
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develop mathematical understanding and proficiency.
Mathematics teachers should have knowledge of content and
pedagogy that support ELL students, including an understanding
of the role of the first language. (p. 1)

The first principle set by NCTM in the Principles and Standards for School

Mathematics highlights the vision for a more competitive future: “Excellence in

mathematics education requires equity — high expectations and strong support

for all students.

”»

Equity as defined by NCTM does not translate to providing all

students with identical instruction, but rather making practical and realistic

adjustments to instruction so that all students have equal access to success.

In order to achieve educational equity, NCTM sets general guidelines in order to

achieve educational equity:

1)

2)

Equity requires high expectations and worthwhile opportunities for all (p.
12, NCTM 2000). Students who are not native speakers of English, who
live in poverty, who are females or classified as nonwhites, and who have
disabilities have all been victims of low expectations which had a
detrimental effect on their own confidence to succeed in mathematics.
Teachers’ awareness of this issue, purposive effort to provide steady
support to all students, and high-quality mathematics instruction play
an important role in ensuring students excelling in mathematics.

Equity requires accommodating differences to help everyone learn

mathematics (p. 12, NCTM 2000). Additional assistance may be needed
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for some students in order to meet high mathematics expectations, such

as students who are not native speakers of English.

3) Equity requires resources and support for all classrooms and all
students (p. 13, NCTM 2000). Technology can play an important

role in capturing and maintaining student interest and providing

individualized instruction for students who need the extra practice

or instruction. Moreover, it may provide students with intellectual

resources and a link to the global community of mathematics

learners and allow them to engage in collaborative projects with

other schools nationwide or worldwide.

Schools and teachers should make content more accessible in a second
language as well as find ways to implement culturally relevant pedagogy in
teaching mathematics in order to properly serve ELL students (NCTM, 2008).
Since communication is underscored in the Principles and Standards for School
Mathematics (NCTM, 2000) “as an essential part of mathematics and
mathematics education”, it is critical that teachers provide appropriate support
and encouragement for all students, especially ELL students, to speak, write,
read, and listen in mathematics classes (NCTM, 2008). Since mathematics is a
specialized language with its own grammar and vocabulary, students need to
engage in using “the language of mathematics to express mathematical ideas
precisely” (NCTM, 2000). Through communication, students learn to articulate
their thinking and as they listen to their peers’ explanations, they learn to

evaluate and build on each others’ arguments. A major benefit to
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communication is exploring problems from multiple perspectives which help
sharpen the participants’ thinking and reasoning skills.

Recognizing the importance of problem solving as a goal as well as a
means of learning mathematics, I was interested in investigating Arab-
American students solving word problems in both their home language as well
as the language of instruction. When formulating the word problems for each
set, special attention was given to choosing a level of difficulty appropriate for
students in grade 5 through 7. The numbers used in the word problems were
at a difficulty level appropriate for a fifth grader to handle, but not too easy for
a seventh grader. The complexity of the word problems was within reach of the
students. In order to trigger their interest, the content of the word problems
were geared to reflect the students’ own cultural experience and social values.
Based on NCTM’s recommendations to establish equity for ELL students,
Arabic may play an important role in supporting the teaching of Arab-American

students and in helping make excellence more accessible.

Language and Performance
Importance of Language
Misconceptions about the central role of language in the educational
development of bilinguals might prompt some teachers to ask parents of
minority language children to avoid using their first language in
communicating with their children at home in hopes of helping them become

fully proficient in their second language (L2), in this case English, and
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minimizing confusion of continuous switching between their first language (L1)
and L2 (Cummins, 1981b). If parents refrain from using L1 at home and are
not proficient themselves in L2, then they are more likely to expose their
children to faulty application of the L2 which will inhibit the children’s proper
development of L2. On the other hand, if the parents are proficient in L2 but
refrain from using L1 at home, then they simply deprive their children of the
chance of becoming fully bilingual even though their children’s development of
L2 might not suffer per se. The bottom line is that when parents support the
development of L1 at home through reading activities and regular interactions,
they are raising their children’s chances in succeeding academically in both L1
and L2 through further development of essential cognitive/academic language
proficiency (Cummins, 1981a).

While some research has shown that bilingual students acquire higher
levels of academic achievement (De Avila & Duncan, 1985; Lambert & Anisfeld,
1969), other studies have shown that continuous switching between home and
school languages seems to result in inadequate command of both first and
second languages (Cocking & Chipman, 1988). Mismatch between home and
school languages demands that students acquire new set of linguistic
constructs and rules in order for them to think and express themselves in the
mathematics classroom (Adetula, 1990). Macnamara (1967) proposes that in
order to achieve balance, a bilingual child sacrifices some of his L1 skills to
attain skills in L2. Macnamara (1967) also claims that mismatch between

home and school languages leads to “retardation in subject matter taught”
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especially when students are taught through the weaker language (cited in
Cummins, 1979). However, experimental studies that show students studying
in a second language matching or excelling over those studying in their mother
tongue, refutes Macnamara’s “balance effect” claim and suggests that other
social factors might play a role in determining the level of academic
achievement of bilinguals (Cummins, 1979). It is highly recommended to
initiate schooling for bilinguals in their first language in situations where the
home language is not highly valued by the community at large, where either
teachers and/or pupils are insensitive or ignorant about their values and
traditions, and where no support or pressure exist within the home to maintain
literacy in their first language. Otherwise, where literacy is greatly valued and
highly encouraged, it seems fully appropriate for bilinguals to begin schooling
in the second language (Cummins, 1979). In order to better understand the
interaction between initial instruction in their first language and academic
progress, one needs to explore two main child input factors: conceptual-

linguistic knowledge, and motivation to learn L2 while maintaining L1.

Quality of Acquisition of Second Language
Social Class and Background Factors
The social and cultural aspects of bilingualism play an important role in
determining not only how fluent a person becomes in each language, but also
the preference for use of one language versus another, or possibly both, in

different situations and circumstances (Duran, 1985). Factors such as the
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prestige of L1, security of children’s identity and self-concept, and level of
support for L1 development and maintenance in home and environment affect
the level of success of students in bilingual educational programs (Cummins,
1981D).

There are four possible outcomes to how minority language children
identify themselves when participating in two different cultures: (1) they tend
to closely identify themselves with both cultures and hence are more likely to
achieve high levels of competence in both languages compared to (2) children
who reject both cultures; (3) they might identify themselves with their own L1
culture and reject L2 culture and hence might resist learning L2; (4) they might
identify themselves with L2 culture and reject their own L1 culture and hence
might promote learning L2 which gradually replaces L1 (Cummins, 1979).
Children who reject both cultures often end up unable to fully identify

themselves with either of the two cultures (Cummins, 1981a).

Factors concerning acquisition of new languages, children acquire
whatever language is spoken around them, even if their parents speak more
than one language. As was the case with Von Glasersfeld, he was able to learn
both German, his mother tongue, and English languages by the age of six.
What is worth pointing out is that his parents used to speak in English
whenever they didn’t want him to understand what they were talking about.
That in itself motivated him to learn English and he took it as a challenge that
led him to succeed without special help or instruction. Interesting to note, is

that applied linguists recognize that motivation, attitude, learning style, and
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character affect how skillfully a person learns another language (Von
Glasersfeld, 1995).

Another factor affecting the level of difficulty of learning a second
language is the age at which the student is exposed to the second language.
Even though older second-language learners may possess higher developed
skills that make it easier and quicker for them to learn the second-language
than younger students, it is more challenging for them to produce more
accurate and formal aspects of the language than younger learners. As
second-language learners progress through school, the challenge to learning
posed by the language becomes greater (Dawe, 1983). Moreover, the social and
cognitive abilities of the students along with their desire and motivation
determine the rate at which they learn a second language (Duran, 1985). Also,
certain aspects of the student’s own native language and culture play a critical

role in facilitating or inhibiting learning a second language.

Different Levels of Bilinguality

When referring to the language skills of a student, different terms are
used to distinguish between native speakers of that language and those who
are not. The term verbal ability is used to refer to a continuum of verbal skills
observable in native speakers, while the term language proficiency is used to
refer to language skills of persons who do not exhibit native-like skills (Duran,
1985). For students to be considered bilinguals, they need to be proficient in

both languages at least at the same level as that of an average monolingual
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student (De Avila, 1988). Students who possess less than native-like skills in
both languages are described as “semilinguals”; in this case, their linguistic
abilities have detrimental effects on their academic and cognitive progress
(Cummins, 1979). Cummins (1979) also differentiated between “additive”
bilingualism, where the bilingual child is adding or acquiring another language
without diminishing his competence in L1; and “subtractive” bilingualism,
where the bilingual child gradually replaces his L1 with a more prominent L2.
“Additive” bilingualism has been associated with studies that found positive
impact on the child’s cognitive growth, whereas “subtractive” bilingualism has
been associated with negative impact on the child’s cognitive growth. In order
for the child to benefit from acquiring a second language, the child needs to
acquire high competence in L2 without diminishing competence in L1
(Cummins, 1979).

Cummins (1981a), through extensive review of research, builds a case for
asserting that developing and maintaining L1 have a positive, rather than
negative, effect on the development of L2 and on other academic skills.
Promoting proficiency in both languages by using the minority language as
means of instruction in immersion programs for majority language children as
well as in bilingual programs for minority children has been proven effective
(Cummins,1981a). Based on the review of several researches, Cummins
(1981a) maintains that intellectual and academic advantages over
monolinguals are experienced by bilingual students who develop and maintains

their proficiency in both languages. This is supported by the language
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relativity theory known as Sapir-Whorf theory which suggests that a language
is not simply a means of communication, but embedded in the language is a
world view. In other words, individuals articulate their world view through
their language. This suggests that people who acquire more than one language
tend to have a broader understanding and perception of the world (Von
Glasersfeld, 1995). However, acquiring a new language cannot be successfully
achieved by merely learning a different vocabulary and a new set of
grammatical rules. Consequently, learning a new language demands a higher
level of complexity and sophistication when dealing with the world and daily
issues (Von Glasersfeld, 1995).

Time spent on developing minority students’ L1 proficiency can be
accomplished in school without undermining proficiency in the majority
language, L2 (Cummins, 1981). The Alberta government in Canada financially
supports a program in eight Edmonton elementary schools since 1972 in which
the medium of instruction for 50% of the regular school day is Ukrainian
(Cummins, 1981). A study by Cummins and Mulcahy (1978) compared the
performance of two groups of bilingual students attending the Ukrainian-
English bilingual program in Edmonton, Canada against a monolingual control
group from each of the first and third grade levels matched for IQ, SES, sex
and age. The two groups of bilingual students differed in the amount of
Ukrainian spoken at home which affected the degree of fluency of the student
in Ukrainian. The study found that bilingual students who were relatively

fluent in Ukrainian as a result of parents using it consistently in the home,
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performed significantly better on analyzing ambiguities in the sentence
structure than the other groups with and without feedback cues (Cummins &
Mulcahy, 1978). The findings of this study is consistent with earlier studies
that have shown early childhood exposure to two languages promote better
linguistic awareness, more analytic processing of language input, and greater
sensitivity to linguistic cues and feedback (Cummins & Mulcahy, 1978). An
evaluation of a bilingual program used by certain schools in Santa Fe in which
Spanish was used between 30 and 50 percent of the school day throughout
elementary school found that children enrolled in that program performed
significantly better in both reading and mathematics than those enrolled in an
English-only program. Those who were enrolled in that bilingual program
since grade 2, performed in reading at a similar level as their English
counterparts by grade 5 and surpassed them in grade 4 and maintained equal
if not superior level through grade 6 (Cummins,1981). These findings might
impact the way administrators in full-time Islamic schools allot time for the
instruction of Arabic, especially in the elementary grade levels in order to
enable Arab-American students to achieve higher fluency in both languages as

they progress in school.

The Linguistic Distance Hypothesis
In acquiring a second language, the language learner faces challenges or
even advantages as predetermined by the similarities and differences between

the two language systems (Duran, 1985). The differences between semantics,
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functions and status of languages are referred to in sociolinguistic theory as
the linguistic (language) distance. Some languages have a closer affinity to
English than others (Halliday, 1975). European languages such as Spanish,
Italian, or French are conceptually closer and enjoy a higher status in English
societies than ethnic minority languages such as Arabic, Urdu or Creole (Dawe,
1983). Assuming all other variables equal, the smaller the conceptual distance
the less effort it takes to learn English as a second language (Dawe, 1983).
Dawe (1983) reports that some psycho neurological studies suggest that the
spatial and verbal reasoning abilities of bilinguals learning in English as a
second language may be hindered by their first language setup which follows
right to left order in reading and writing. Examples of such languages are
Arabic, Hebrew and Urdu. Other structural variables mentioned in Duran
(1988) that may hinder or support a language learner in acquiring a second
language are word order variability, object-verb order, subject-verb agreement
or lack of, and availability of passives or not. Furthermore, this effect may be
carried over into the learning of mathematics, in particular when bilinguals are

solving word problems in a less familiar language.

Language Proficiency
Nature of Language Proficiency
Some studies of childhood bilingualism are theoretical in nature,
focusing on the relationship between bilingualism and intellectual development

and cognitive style, while others are more practical, designing different
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treatment approaches based on these theoretical studies and studying their
effectiveness. Unfortunately, very few studies actually measured linguistic
proficiency to determine the extent of bilingualism. Most of the studies either
grouped subjects on the basis of ethnicity, assuming similar linguistic
proficiency or relied on self/teacher reported evaluation which is extremely
subjective and unreliable (De Avila & Duncan, 1985). Failing to control for
levels of linguistic proficiency might have serious effect on interpreting results
(De Avila & Duncan, 1985). Furthermore, English language proficiency needs
to be distinguished from English language achievement. The latter refers to
skills learned by the child in the classroom in a structured setting, whereas the
former refers to language skills learned in both school and natural settings (De
Avila & Duncan, 1985). When both languages were assessed to control for
differences in linguistic proficiency, fully proficient bilingual students
performed consistently at higher cognitive levels on both Witkin and Piaget type
tasks. A three-year cross cultural study was done by De Avila and Duncan
(1985) examining the effects of several variables, such as family background,
cognitive style, standardized achievement test, oral language proficiency,
intellectual development, and teacher perception on achievement within, rather
than between, ethnolinguistic groups. Around nine hundred children from
first, third and fifth grades were selected from nine different communities:
urban Mexican-American, rural Mexican-American, Puerto Rican, Cuban-
American, Chinese-American, Franco-American, Native American Navajo,

Anglo-American, and Mexican. All except the last group resided in some part
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of the United States; the last group lived in a large metropolitan Mexican city.
De Avila and Duncan (1985) found that there was a positive relationship
between each of oral language proficiency and teacher perceptions and student
achievement. In other words, children with high levels of English language
proficiency and/or children with higher status in the sight of their teachers
showed higher levels of achievement. In a substudy in which subjects were
regrouped according to degrees of bilinguality of the students ranging from
totally bilingual (English and Spanish) to monolingual (either English only or
Spanish only) while allowing students who are partially proficient in one or
both languages to be in the middle. The study showed that the proficient
bilinguals had the highest total score on the measure of intellectual
development based on six different Piagetian tasks, whereas the late language
learners had the lowest. The overall performance of proficient bilinguals on
cognitive tasks exceeded all other monolingual and bilingual children. As De
Avila and Duncan (1985) put it: “the more proficient the children were in each
of their languages the better they performed on the dependent measures.”
Similarly, educators, testing and assessment specialists, and cognitive
psychologists have been interested in better understanding how proficiency in
a language affects the ability of non-English background students to solve
problems (Duran, 1985).

Integrative proficiency refers to coordinating multiple language skills to
perform everyday pragmatic tasks with language. While scores on tests

designed to measure integrative proficiency were found to highly correlate with
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performance on tests of general cognitive abilities of monolinguals, the same
cannot be expected from bilinguals. Usually, bilinguals tend to exhibit stronger
skills in one of the two languages, or put differently, non-native like proficiency
in at least one of their languages. Hence, in order to understand the problem-
solving performance of bilinguals, their language abilities need to be assessed
at two different levels. First would be a general proficiency test entailing
coordination of numerous modalities of language use in each of two language
systems. Secondly, a test assessing the student’s ability to solve word
problems involving the use of particular language modalities and codes.
Performance of bilinguals on problem solving tasks in each of their two
language systems can be used to identify similarities and differences in
information-processing behavior across the two language systems. This is
what this study hopes to discover in the word problem processing of Arab-
American students across the two language systems: the Arabic and the
English. Moreover, adhering to De Avila and Duncan’s call for controlling for
differences in linguistic proficiency, SAT reading comprehension scores of Arab-
American students were used as a covariate in my study to control for the
students’ comprehension levels in the English language. On the other hand, it
was also important to control for the Arab-American students’ levels in the
Arabic language, and hence their final average in the Arabic school subject was
used as another covariate.

Cummins (1981) distinguished between the language proficiency in basic

interpersonal communicative skills manifested in everyday basic interpersonal
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communicative situations processing meaning through situational and
paralinguistic cues and cognitive/academic language proficiency related to
literacy skills manifested in decontextualized academic situations. The
cognitive /academic language proficiency tasks are more relevant than basic
interpersonal communicative skills tasks in promoting deeper levels of
language proficiency for academic placement purposes (Cummins, 1981).
Hence, using the minority language in instruction in the early grades not only
promotes proficiency in the basic interpersonal communicative skills but also
endorse cognitive and academic skills necessary to increase literacy in both the

bilingual’s languages (Cummins, 1981).

Cummins Theory

Cummins (1979) developed two hypotheses to support his claim that L1
needs to be adequately developed for bilingualism to be beneficial both
academically and cognitively. The first, the “developmental interdependency”
hypothesis, suggests that the level of competence already developed in L1
affects the development of competence in a L2 at the time when rigorous
exposure to L2 begins. Cummins (1981) states the “interdependence”
hypothesis as follows:

To the extent that instruction in Ly is effective in promoting
proficiency in Ly, transfer of this proficiency to Ly will occur, provided
there is adequate exposure to Ly (either in school or environment) and

adequate motivation to learn Ly. (p. 21)
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Cummins (1979) asserts that intensive exposure to L2 in the early grades
for children who have weak skills in L1 will probably hamper further L1
development. On the other hand, language minority students whose linguistic
abilities in L1 are well developed to the abstract level before acquiring L2 seem
to be more successful in acquiring L2, such as immigrant children who arrived
from Mexico with a firm command of the Spanish language versus native-born
Mexican-Americans (Cummins, 1979). Hence, the level of abstraction of the
mother tongue seems to play an important role in facilitating L2 competence
which in turn is essential in developing abstract knowledge in the subject
matters (Cummins, 1979). Dawe (1983) found strong evidence to support the
developmental interdependence hypothesis for Punjabi and Mirpuri bilinguals,
but not for Italian bilinguals. Dawe (1983) found that high L1 competence and
a specific knowledge of logical connectives were associated with high scores on
the test of deductive reasoning, while low L1 competence and weak knowledge
of logical connectives were associated with low scores on the test of deductive
reasoning. Since Italian bilinguals where highly English literate and strong in
both reading comprehension and the use of logical connectives, L1 literacy and
intellectual development seemed to be the distinctive characteristics instead of
English competence and knowledge of logical connectives. Furthermore, Italian
family members, the fathers in particular, have shown greater efforts in
becoming fluent in the English language than the family members of the

Punjabi and the Mirpuri bilinguals. Also, as far as the status and linguistic
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grounds, Italian is much closer to English than any of the other languages
involved in this particular study.

Cummin’s second hypothesis, the “threshold” hypothesis, suggests that
in order for a bilingual child to both prevent cognitive disadvantages and be
positively influenced both cognitively and academically, the child needs to
attain threshold levels of linguistic competence in both languages, i.e. L1 and
L2. Cummins (1979) further suggested the existence of a lower threshold level
and a higher threshold level, where it is sufficient for a bilingual to attain a
lower threshold level of competence in both languages in order to avoid any
negative cognitive impact; however, attainment of a higher threshold level is
essential to accelerate academic and cognitive growth. Bilingual children can
function adequately in early grades with relatively low level of cognitive
competence in the language, however as the content becomes more abstract
requiring higher and more formal thought processes and expression, bilinguals
need to develop deeper levels of linguistic skills and comprehension (Cummins,
1979). Based on the review of several studies, Cummins (1979) found that for
language minority students, maintaining L1 skills while acquiring L2 skills is a
requirement for these students to attain higher threshold levels of bilingual
competence. According to Cummins (1981), instruction by means of the
minority language has been effective in promoting proficiency in both
languages for majority language children enrolled in immersion programs and
for minority children enrolled in bilingual programs. Hence, using L2 for

majority language children and L1 for minority language children in

40



educational programs promotes higher proficiency in both languages. Dawe
(1983) found that Mirpuri bilinguals were able to reason deductively in English
as a second language at a higher mean level than their English peers which
greatly support the advantage of having an upper threshold level in bilingual
competence. It is essential to point out that this L2 competence was attained
at no expense to their L1 competence.

In his literature review, Dawe (1983) found several studies that
supported the superiority of bilinguals in their divergent thinking abilities and
flexibility of thought which puts the bilinguals at a slight cognitive advantage in
learning mathematics over monolinguals. Okoh (1980) studied the relationship
between bilingualism and creativity on a sample of bilingual and monolingual
elementary students aged 9 to 11 residing in Nigeria and in Wales. All of the
bilinguals from Nigeria spoke Yoruba and English and all of the bilinguals from
Wales spoke Welsh and English; monolinguals from both countries spoke
English only. Okoh (1980) found that when intelligence and language
proficiency were controlled for the bilingual and monolingual groups, the
bilingual group achieved significantly higher scores on verbal tests of creativity
but not on nonverbal creativity tests. The findings from Okoh’s study seem to
suggest that the number of languages spoken, verbal intelligence and language

proficiency are all critical factors influencing potential verbal creativity.
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Mathematics and Language

Difficulties faced by language minority students were viewed by most
educators to result from lower levels of intellectual development associated
with bilingualism, differences in cognitive styles, deficiencies in motivation, and
a multitude of factors grouped under socioeconomic status (De Avila, 1988).
Language is crucial in the teaching and learning processes by which meanings
are developed and shared within the classroom (Khisty, 1995). According to
Cuevas (1984), a major source of underachievement in school is students’
inability to understand the language of instruction. In fact, Aiken (1972)
points out that mathematics itself is a “specialized language” and that
students’ performance in mathematics, particularly on verbal arithmetic
problems, is greatly affected by their linguistic abilities. Adetula (1990) goes
further to note that word problems denote “a language within a language”.
Based on review of several investigations, correlations between reading ability
and mathematics achievement were found to range between .40 and .86 among
students, the majority of which are in the intermediate grades (Aiken, 1972).
Among the three factors: reading comprehension, problem solving abilities and
computational ability, the partial correlation between reading comprehension
and problem solving abilities was higher for both fourth and eighth graders
than the partial correlation between computational ability and problem solving
ability, with the third factor partialed out in both correlations(Aiken, 1972). In
addition to having reading ability and mathematics achievement related to each

other, they were also correlated with general intelligence (Aiken, 1972). Other
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studies reported by Aiken (1972) found that difficult vocabulary and syntax
continue to be an impediment to successful problem solving. When students
were given specific instruction in mathematics vocabulary, their problem-
solving abilities improved (Aiken, 1972). In another study, high school
students who were taught by a teacher stressing understanding of the meaning
of mathematical terms and symbols did better on a criterion mathematics test
than students who lacked that kind of instruction (Aiken, 1972).

The ability of a language user to reflect on and analyze spoken or written
language is referred to by many researchers as metalinguistic awareness
(MacGregor & Price, 1999). Metalinguistic awareness enables the speaker to
pay attention to the form and function of the word or phrase, not just its
meaning. Students need to operate at a level of abstraction similar to
metalinguistic awareness in order to correctly manipulate algebraic expressions
and analyze mathematical structures. MacGregor and Price (1999) identify
symbol awareness, syntax awareness and awareness of potential ambiguity to
be components analogous to those of metalinguistic awareness. With symbol
awareness, symbols are detached from their real-life referents and used as
basic meaning-units, such as (x+2). Syntax awareness refers to forming valid
algebraic expressions (e.g. 2x=10— x=5 is syntactically correct whereas
2x=10=35 is not) and forming legitimate inferences (e.g. a-b=x does not imply
that b-a=x). Awareness of potential ambiguity refers to the ability to recognize
potential multiple interpretations/misinterpretations of the same algebraic

expression depending on the context (e.g. the use of brackets versus order of
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operations as well as the mistranslation of algebraic expressions such as

“There are six times as many students as professors”).

Verbal Problems and Translation Issues

In working verbal problem-solving tasks in a less familiar language,
bilinguals employ a variety of strategies, such as mentally translating
information from a less familiar language to a more familiar one or substituting
the meaning of unfamiliar words for meanings of words in another language
under the false impression of equivalency (Duran, 1985). Another most
noticeable feature in producing written or spoken utterances is the presence of
awkward or incorrect syntax and word usage which indicates an endeavor to
transfer knowledge of language structure from one language system to another.
In an attempt to solve a novel linguistic situation, a language learner may
erroneously try to apply a learned grammatical rule that might apply in some
but not all instances, such as appending the verb root with an “ed” to form the
past tense of that verb. Similar generalization strategies may be utilized by
language learners when trying to interpret problem-solving information in a
less familiar language (Duran, 1985).

Many studies have also shown that students’ difficulties and poor
performance in mathematical problem solving are more of a linguistic nature
rather than intellectual or cognitive (Dawe, 1983; De Avila & Duncan, 1985).
Bernardo (2002) showed that bilingual students tend to perform better when

problems are presented in a purely numeric format than with word problems
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presented in either their first or second languages. Obviously, the linguistic
factor present in word problems makes reaching an answer less
straightforward and more challenging than when the problem is completely
presented in numeric format (De Corte & Verschaffel, 1987). This influence of
language on problem solving skills is particularly significant for students who
are bilingual and are considered to be language-minority students. Bilingual
Hispanic ninth-grade students who were enrolled in Algebra I often solved word
problems incorrectly even though they possessed similar mathematical and
computational abilities as their monolingual peers. Their mistakes reflect their
misinterpretation of the word problem due to their linguistic limitations, even
though their solutions may be consistent with their own understanding of the
problem statement (Mestre, 1988). Morales, Shute and Pellegrino (1985) found
that the main contributor to errors in solutions of upper elementary Mexican-
American students was the selection of inappropriate procedure rather than
computational deficiencies. Moreover, insufficient prior experiences acquiring
proper problematic strategies may further contribute to the difficulties faced by
bilingual students in comprehending and solving word problems (Bernardo,
2005). When ruling out the linguistic difference between groups of students
tested, Morales, Shute and Pellegrino (1985) contributed these errors to lack of
conceptual knowledge and schemata for problem understanding rather than
linguistic abilities.

According to Cocking and Chipman (1988), based on their review of

available research, there is a big gap in the mathematics achievement between
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language minority and majority students, with no evidence in research to
attribute this gap to inborn differences in these two groups’ general intellectual
abilities. However, Dawe (1983) emphasizes that this gap reflects the current
performance of ethnic minority children within the current school system
rather than their actual potential. Based on evaluation of early programs,
Cummins (1981) claims that the poor academic performance of many bilingual
students is due not to their bilingualism but to the school’s attempt at

eradicating it.

Political Debate

Debating whether language proficiency affects the learning and teaching
of mathematics is rooted in a political as well as an educational campaign over
the distribution of limited school funds (Tate & D’Ambrosio, 1997). Students
with limited English proficiency were at a disadvantage and unable to have
equal access as mandated by the Civil Rights decision of 1974 (Cocking &
Mestre, 1988). There developed a debate among educators over who deserves
to enroll in special language programs and what constitutes a deficit in
language proficiency that is vital for academic success. The main concern is to
address the needs of limited English speaking students to ensure “equal
access” for all students (Cocking & Mestre, 1988).

While students with limited English proficiency are placed in special
programs to support them, unfortunately, these programs give emphasis to

rote memory skills sacrificing higher order intellectual processes. While these
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classes are designed to allow them access to better education and success, they
contribute to intellectual deficiencies which inhibit their future success (De

Avila, 1988).

Mathematical Communication

Current classroom practices in American classrooms focuses on teaching
a body of factual knowledge as a prerequisite for students to think making it
essential for minority students to acquire English language in order to ‘think’
successfully in class (De Avila, 1988). Since the reform movement of the
mathematics instruction is calling on teachers to focus more on students’
ability to explain solutions, provide evidence to support the validity of their
number manipulations, and engage in constructive discussions with their
peers, mathematical communication becomes an integral aspect of
mathematics learning. To avoid viewing bilingual students as learners with
deficits (Mestre, 1988), it is essential to study obstacles faced as well as
resources used by bilingual students in understanding mathematical concepts.
It is also important to view the variety of student languages as differences
rather than deficiencies (Cocking and Chipman, 1988). Ferdinand de
Saussure, known as the father of modern linguistics, laid down an important
principle, namely that the meaning of words is to be found in the minds of
speakers, rather than consider them as reflecting fixed meaning that can be
shared by different speakers (Von Glasersfeld, 1995). This eliminates the

traditional philosophical ‘Theory of Reference’ that claims words refer to things-
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in-themselves. Consequently, from a constructivist point of view, meaning
cannot be shared by different members of the same community, but rather
meanings can be compatible with each other. Each individual subject their
constructed meanings to a never ending process of adaptation to establish
mutual compatible associations that can produce comprehensible
communication with different speakers. Therefore, the basis for
communication is the assumption that whatever re-presentation the speaker
has associated with a word is somehow similar to the re-presentations the

word brings forth in other users of the language (Von Glasersfeld, 1995).

Problem Solving Studies

The perspectives and approaches of the studies on the low achievement
of the language minority child have varied from blaming the child’s own
cultural and social characteristic to focusing on learning styles and cognitive
abilities to studying attitudes and perceptions of teachers toward language-
minority students (De Avila & Duncan, 1985). While previous models focused
on pointing cognitive limitations and handicaps students with Limited English
Proficiency came with, lately, concern is shifting to how well teachers are
prepared to work with these students and provide the extra assistance in
language processing while at the same time utilizing the students’
resourcefulness in expressing themselves.

Moschkovich (2002) argues that using a situated-sociocultural

perspective in describing the resources that students use to communicate
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mathematically, allows us to widen our view of competence in communicating
mathematically and helps us move away from describing obstacles and
deficiencies of bilingual learners. Within this perspective, participants bring
multiple views of the situation in which representations have multiple
meanings, and hence learning occurs naturally through conversations and
negotiations within the social and cultural context of the participants.

As Moschkovich (2002) explains, students use more than words and
utterances to communicate meaning. They may also communicate through the
use of artifacts, gestures and other nonverbal behaviors in order to get the
message across in a mathematical conversation. For example, in a class where
both students and teacher were bilingual (spoke both English and Spanish), a
student trying to explain how changing the dimensions of the rectangle affects
its perimeter was unable to name the geometric shape (in this case, the
rectangle) nor was she able to use proper language using the word ‘higher’
instead of ‘greater’. However, she was able to compensate for her lack of
mathematical vocabulary by tracing the shape of a long rectangle with her
hands several times and using correct mathematical comparison conveyed by
her statement: “the longer the (meaning the shape of the rectangle), the

”»

more (higher) the perimeter.” Focusing on the missing or inaccurate
vocabulary would unjustly focus on the student’s incompetence in
communicating mathematically correct statements. However, the student was

able to use other resources to compensate for the linguistic shortcomings.

Teachers need to recognize the different means through which bilingual
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students express mathematical ideas in order to provide equal opportunities for

all students to participate in classroom discourse (Moschkovich, 2002).

Better recollection of word problems given in L1

In another study by Bernardo (2002), Filipino-English bilingual
students showed more accurate recollection of word problems read to
them in their first language than in their second language. In fact,
students whose first language is Filipino made more structure preserving
alterations when recalling problems given in their first language and
made more structure violating alterations when recalling word problems
given in their second language. This first language advantage was
reflected in students’ ability to understand and solve problems in their
first language whether it was English or Filipino; however, this advantage
was more marked in easy problems than in difficult ones. A study by
Lambert (1955) cited in Duran (1985) found that bilinguals’ reaction
times to simple oral instructions were longer when given in a less
familiar language than a more familiar one. Research has already
established that bilinguals usually take longer time reading sentence-
long materials in a less familiar versus more familiar language (Duran
1985; Macnamara, 1967). In another study cited in Duran (1985),
reaction time to oral instruction in the less familiar language was
inversely related to self assessments of proficiency level in that particular

language. In other experiments by Bernardo (1996, 1998), Filipino-
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English bilingual problem solvers were better at transferring knowledge
to analogous problem situations when the language used in the source
and target problems was the same regardless of whether this language
was their primary or secondary. Bernardo (1998) also noticed that
American- or British-trained Filipino scholars tended to have difficulty
expressing knowledge acquired in another language. This language
specificity in processing information in certain domains highlights the
effect of language on accessing analogous problem information and
adapting it to new problem situations. The significance of this to
bilingual students is that their ability to understand and process certain
concepts and procedures maybe lacking due to difficulty accessing

knowledge acquired in a different language.

Language system effect on bilinguals’ problem solving ability

Researchers have been conducting research trying to find out
whether the language system used to teach and learn concepts and skills
has any effect on how bilinguals acquire knowledge, especially in highly
abstract and symbolic domains such as mathematics (Duran, 1988).
Bernardo has expressed special interest in the relationship of language
and word problems since word problems constitute an important
component of the mathematics curriculum, and is heavily relied upon in
measuring mathematics achievement across countries in tests like

TIMSS, Third International Mathematics and Science Study. An
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essential prerequisite to ensuring students’ success in solving word
problems is their ability to comprehend the problem. The source of
difficulty of solving mathematics word problems is sometimes
comprehending the problem rather than manipulating the numbers
(Knight & Hargis, 1977). Through error analysis of the students’
solutions in a study done by Bernardo (1999), results indicated that
better comprehension of the problem text contributed to higher
performance in solving problems. While limited ability in English may
not be the sole factor affecting the educational attainment of students
from non-English speaking backgrounds, it is nevertheless a major

contributor to problems faced in academic functioning (Duran, 1985).

Reading comprehension and problem solving

According to Duran (1985), formal problem-solving situations that
are encountered in academic settings may be divided into three
interactive sets of activities: (1) problem input where a problem solver
acquires and interprets information about a problem situation; (2)
problem representation and conceptual solution where a problem solver
undergoes purely mental acts to solve the problem; and (3) physical
execution of solution steps where the problem solver physically executes
steps to solve the problem and communicates solution in a
comprehensible manner. The problem solver may not necessarily follow

these three sets of activities in sequence.
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Several studies found a strong correlation between the level of
student’s linguistic abilities and mathematics achievement (Dawe, 1983).
In fact, several studies found that the relationship between language and
mathematics achievement is so strong that mathematics performance is
greatly dependent upon a special kind of language proficiency (Cocking &
Chipman, 1988; Earp & Tanner, 1980) refuting older belief that
mathematics was a subject that did not depend much on language
(Dawe, 1983; Kessler et al., 1986; Spanos et al., 1988). This popular
belief of mathematics being relatively “language free” lead teachers to
expect higher success rate with little difficulty in doing mathematics for
bilinguals, provided it being done in their first language (Kessler, Quinn,
& Hayes; 1986). Morris (1975) recommends that when teachers teach
mathematics in a second language, they need to adopt methods of
teaching a second language as a language in order to be successful.
Second-language learning is made more difficult when the student first
learn the language of the textbooks which is different from their first
language (Cuevas, 1984). Furthermore, the reading level of the
mathematics textbooks and materials needs to match the reading level of
the student; if not, either lowering the reading level of the textbooks or
improving the reading levels of the students is essential in order to be
successful in teaching mathematics (Earp & Tanner, 1980).

MacGregor and Price (1999) studied the effect of language

proficiency on algebraic learning of students in Grade 8 through 10 in a
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middle-class suburb of Melbourne and found that, contrary to the
popular belief, low ability in language is a barrier to high achievement in
mathematics, in particular, learning algebraic notation. Results from the
first study showed many students with high scores on language items
had low scores on algebra items, however, none had low language score
and high algebra score. The reason for predominantly high scores on the
language items is partly because language items students were tested on
were easier than the algebra items, which was indicated by the
distribution of scores. The language scores were extremely skewed to the
right, whereas the algebra scores were more evenly distributed. This
defect was corrected in a later study by the same authors whereby no
student with very high language scores had very low algebra scores.

Only English-speaking-born students were considered in the second
study in order to minimize the confounding effect of a variety of linguistic
and cultural variables. Data from students whose first language was not
English was excluded from analysis of results for two reasons. First, low
scores might reflect difficulty in understanding the questions if their
English was not well developed. Second, on the other end, high scores
might reflect a “cognitive advantage” that well established bilingual
students may have over their monolingual peers due to better
metalinguistic awareness. Results from both studies showed some
students with good language scores made mistakes in many algebra

items. The authors justify this shortcoming on the possibility of
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students’ unawareness of algebra having a separate set of grammatical
rules and conventions or that they had poor mastery of the algebra
taught in the introductory courses. Students who take introductory
courses of algebra fail it due to their poorly developed metalinguistic
awareness rather than lack of “general intelligence” or “cognitive ability”.
The researchers suggest that for these students, their learning of
algebraic notation might be accelerated if they develop their
metalinguistic awareness first until they reach an adequate level of
mastery. MacGregor and Price (1999) suggest that poorly developed
metalinguistic awareness limit the students’ ability to understand the
algebraic notation. This study supports Adetula (1990) claim that the
student’s ability to apply mathematical knowledge and skills when
solving word problems was greatly impacted, even restrained by the
ability of effectively processing the linguistic component present in the
word problems. This finding is particularly significant for bilingual
students who have to solve word problems written in their weaker
language. In other words, difficulties in understanding word problems
lead to errors in the solution of these problems as shown by research
done by Cummins, Kintsch, Reusser, and Weimer (1988) and by Riley
and Greeno (1988).

Other studies by Bernardo (2005) provide further support to the
idea that Filipino-English bilingual students tend to better understand

word problems in their more proficient language, usually their mother
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tongue, regardless of the language of mathematics instruction. Adetula
(1990) focused on Nigerian students enrolled in primary grade 4 from
both private and public schools. In Nigeria, well-equipped private
primary schools teach all subjects in English in addition to the mother-
tongue as a separate subject starting from primary 1; whereas, public
schools teach all subjects in the mother tongue for the first three years of
school, then use English and the mother tongue starting from the fourth
year of schooling. Adetula asked a total of 48 children from primary 4,
half of which were in private schools and the other half in public schools,
to solve a total of 20 arithmetic word problems involving “more” or “less”
as distracter and valid cues, half were presented in English and the other
half in their mother language. Adetula found that all students performed
better when problems were presented in their native language rather
than in English, however results were only significant (P<.025) for public
school students. It is essential to point out that the English language,
not the mother tongue, is the language that is highly regarded by society

as the tool of advancement in education and in professional careers.

Context sensitivity/language specificity

A powerful skill that helps students comprehend mathematical
words is the ability to use contextual clues and get more practice in

paraphrasing mathematical statements (Earp & Tanner, 1980). In fact,
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interpreting words were affected by whether the function of the problem
was for mathematics use or merely for telling a story. In a study done by
Bernardo (1996), bilingual students were presented with word problems
that utilized the words “more” and “less” and were framed as either
mathematics problem or stories. The subjects were Filipino-English with
Filipino as their first language. Subjects were more flexible in accepting
inexact meaning of the words as true when the text was framed as a
story rather than a mathematical problem. Moreover, subjects were
more likely to consider alternative meanings of the words in the story
frame employing longer processing time as opposed to the lack of
ambiguity demanded by the problem frame. This context sensitivity
exhibited by the students had significant repercussions on the
underlying assumption that students will be able to transfer their
acquired skills to other situations.

Another finding of Bernardo (20095) is that students rarely
considered real-life constraints when solving word problems. This
failure, which is supported by prior research, does not seem to be
dependent on linguistic factors. Yoshida, Verschaffel, and De Corte
(1997) found that Japanese and Belgian children tend to ignore any
realistic considerations when solving word problems despite attempts
from researchers to scaffold children by giving them extra hints such as
make a drawing or visualization of the problem situation. According to

Yoshida, Verschaffel, and De Corte (1997), ignoring real-life constraints
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might not be attributed to limited linguistic abilities, but rather to
restrictive classroom practices that make students get used to solving
standard predictable word problems with well rounded numbers.
Teachers tend to emphasize computational proficiency rather than focus
on students’ modeling abilities and interpreting skills. Merely asking
students to think critically and to visualize a problem was not enough for
helping students move beyond their customary approach to solving
problems. Such a change demands a fundamental shift in classroom
practices to prepare students to become critical thinkers and seize to
expect standard problems that do not challenge student thinking.

In my pilot study at a local school, bilingual students mistakenly
understood the word ‘opposite’, as used in everyday language, to signify
‘contrary meaning’ (e.g. tall is opposite of short) instead of the
mathematical use of the word to signify ‘contrary position’ (e.g. side AB is
opposite to side DE). On another occasion, one of the questions in a
written test asked the students to find the difference between 3.8 and 8,
four students out of eight (50% of the students) gave a written
description of how these two numbers differed instead of performing
subtraction and finding the answer intended by the question. Khisty
(19995) also refers to the confusion between the meanings of the word left
when used in the natural discourse to signify direction versus the
mathematical meaning as in: ‘how many are left?’ English speaking

students have the advantage over Limited English speaking students for
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their ability to identify these subtleties with the meanings of same words
in different contexts.

Investigations by Aiken (1972) that required participants to think
aloud and verbalize their tactics while solving problems, revealed that
when encoding the problem, subjects who were physically inclined seem
to translate algebraic equations into some kind of internal
representations, while subjects who were verbally inclined seemed to
literally translate the words of the problem. Furthermore, individuals
varied in their problem-solving abilities and techniques. Children
usually use key words in a problem to help them select an operation.
For example, “more” typically indicates using addition and “less”
indicates using subtraction. That may not be the case always. An
example of such occurrence is: “The milkman brought on Monday 7
bottles of milk. That was 4 bottles less than he brought on Sunday.
How many bottles did he bring on Sunday?” (Adetula, 1990). Word
problems that utilize terms like “more” or “less”, “take away” or “left” as
distracters rather than valid cues are generally more difficult, but useful
in examining the level of comprehension of the student to surpass the
superficial meaning of the word which might lead to selecting an

incorrect mathematical operation.
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Operations expressed in a multitude of ways

Spanos and his colleagues (1988) noted that single mathematical
operations that can be described using synonymous words and phrases,
can be problematic to students who are not keen on the English
language. Students who can only express a mathematical concept in one
way can easily get lost when the same concept is referred to by others
(whether teacher or students) using different terminology, as was the
case when ‘three-quarters’ and ‘three-fourths’ were used interchangeably
during an upper-grade class discussion where a sizable number of
students are either non-English proficient (NEP) or limited-English
proficient (LEP) of Mexican descent (Khisty, 1995). Teachers can help
students overcome the linguistic ambiguities of mathematics by
“recasting” mathematical ideas and terms through discussing other
ways of looking at the problems as well as providing students with some

of the synonyms relevant to that particular problem.

Translating algebraic expressions

Translational errors reflect student difficulties with word-order
matching and mapping words with mathematics symbols rather than
simple carelessness. Students who perform poorly in mathematics also
show low verbal abilities which might explain their poor mathematics

performance. Researchers have recently explained that students first
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translate the English statements in a word problem into mathematical
representations before proceeding with the solution which make it three
fold difficult for bilingual students who deal with another level of
language translation (Cocking and Chipman, 1988). Trying to better
understand the translation issue, Clement, Lochhead, and Monk (1981)
found that students had difficulties conceptualizing within the language
of mathematics.

Another area of difficulty is represented by problems that ask
students to distinguish between variables and labels. An example is the
student-professor problem: ‘There are 6 times as many students as
professors at this university. Write an equation to express this relation.’
54% of a population of Hispanic engineering students made the mistake
of reversing variables by writing 6S=P instead of S=6P. Explaining how
to translate algebraic expression and then verbally expressing their way
of thinking are challenging to limited speakers of English.

A study was conducted by Mestre (1988) on 6 English/Spanish
bilingual Hispanics, 5 English speaking monolingual students and 3
Hispanic students enrolled in advanced Algebra class (the word
‘advanced’ refers to the level of Algebra class not the language proficiency
of the students). Through interviews with the students, Mestre studied
the students’ ability to translate algebraic word problems into equations.
Students often face difficulties “making the transition from the lack of

precision inherent in natural discourse to the precision necessary in
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mathematical discourse.” Identifying difficulties caused by translating
from textual to symbolic representation highlighted the semantic factors
inherent in the language of mathematics. Statements like ‘a number
added to 7 equals 18' and ‘nine times a number results in 36' are
considered straightforward posing little challenge to the students. In
contrast, the statement ‘in 7 years, John will be 18 years old’ was less
straightforward requiring students to use deduction to figure out that
John’s current age was the unknown. Mestre (1988) found that students
were more prone to commit an error when the variable was less
discernible in the algebraic statement than when it is clearly stated in
the beginning of the statement. Other researchers (De Corte, &
Verschaffel, 1987) found that students’ accuracy level in problem-solving
is significantly improved when the text of the word problems was
reworded in a manner that better reflected the problem structure. In
other mistakes, some students translating the statement ‘Six times a
number is equal to a second number’ mistakenly included a 2' in their
algebraic expression (e.g. 6X=2 or 6N=2N) literally reflecting the

semantics of the problem.

Use of Primary Language in Instruction

The use of the student’s primary language in instruction provides the
student with much needed support and is reflected in the academic gains

(Cummins, 1981). Furthermore, the use of the student’s primary language is
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essential in clarifying any possible confusion that might occur in
understanding mathematical terms and their use in different contexts. Llabre
and Cuevas (1983) found that Hispanic students who are instructed in their
native language appear to have high achievement in the school subject.
Researchers need to determine the level of bilingualism of the teacher and how
second language is being used in instruction. Khisty (1995) found that, in a
classroom where even though most of the students did not speak English well,
teachers only used the Spanish language for disciplining students or giving
words of encouragement or motivation to the students on an individual basis.
However, Spanish was not used as a tool for explaining mathematical concepts
and developing shared meaning. Khisty (1995) found that even though
teachers spoke Spanish, they were unable to explain concepts using Spanish
vocabulary because they lacked training in the technical aspects of the
language. When students struggle to understand teacher’s instruction because
they are unfamiliar with the language of instruction, students will start feeling

alienated from mathematics and unable to achieve mastery in the subject.

Tests and Language

Some researchers (Tsang, 1984; Llabre & Cuevas, 1983) argued the
inappropriateness of tests given to language minority students in a language
not understood by these students. Bilingual learners are more prone to make
mistakes when the language of performance and assessment is not their

dominant language (Mestre, 1986; Macnamara, 1967; Morales et al., 1985,
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Bernardo, 2002). A study cited by Cocking and Chipman (1988) found that
bilingual students scored higher in Mathematics Placement Test when they
performed the test in the language they were instructed in or in their dominant
language if they are not fully bilingual. Recommendations given by Llabre and
Cuevas (1983) include taking into consideration the primary language of
instruction, the student’s level of reading proficiency in that language, and the
skill being measured when interpreting the mathematics achievement test
scores of a bilingual student. In order to truly assess the level of performance
of bilingual students, test items need to be formulated using vocabulary that is

familiar to the students (Knight & Hargis, 1977).

Conclusion

The literature reviewed in this Chapter show that there is no simple
remedy that can apply to all linguistic groups to improve their mathematics
achievement. Indeed, because various ethnic groups rarely face similar
problems with language or have any consistent ethnic patterns on test
performance, it is hardly expected that the same remedy would benefit all
groups (De Avila, 1988; Tsang, 1984; Cuevas, 1984; Charbonneau & John-
Steiner, 1988). Hence, cultural teaching/learning practices that work with one
ethnic group may not work as well with other ethnic groups or with other
group of children within the same ethnic group. The current study aims to

conduct further research in the area of mathematics problem solving as it
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relates to Arab-American students’ comprehension levels in the home language

and the language of instruction.
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CHAPTER THREE

METHODOLOGY AND PROCEDURES

Introduction

Language is crucial in the teaching and learning processes by which
meanings are developed and shared within the classroom (Khisty, 1995).
Several studies found that the relationship between language and mathematics
achievement is so strong that mathematics performance is greatly dependent
upon a special kind of language proficiency (Cocking & Chipman, 1988; Earp &
Tanner, 1980), refuting an older belief that mathematics was a subject that did
not depend much on language (Dawe, 1983; Kessler et al., 1986; Spanos et al.,
1988). According to Cuevas (1984), a major source of underachievement in
school is students’ inability to understand the language of instruction. This
study focused on bilingual students who speak both English and Arabic and
how their knowledge of those languages played a role in their ability to
successfully solve mathematical word problems. This study also explored the
relationship between the language of the word problem and the level of

accuracy of the students’ solutions to the word problems.

Purpose of the Study
While many students, including Arab-Americans, struggle in studying
mathematics, there is a lack of research on exploring factors that might affect

Arab-American students’ performance in mathematics, particularly in solving
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word problems. My literature review showed that many studies found that
limited proficiency in the language of mathematical instruction contributed to
difficulties faced by bilinguals, especially when the language of instruction in
the mathematics was in their weaker language. The National Assessment for
Educational Progress (NAEP) reported that, in 2003, more than half of Limited-
English-proficient (LEP) students in 4th Grade and almost three-fourths of LEP
students in 8th Grade, performed below the Basic level nationwide; while only a
small fraction of LEP students (less than one tenth) in 4t Grade and half as
many in 8th Grade, performed at or above the Proficient level.

Arab students raised in the United States usually struggle with learning
the formal Arabic language, even though it is their mother/home language.
Both the Arab American students of this study and the Filipino students in
Bernardo’s study (2002, 2005) learned mathematics only in English and
without any support or usage of their native language. For the Filipino
students who learned mathematics in English, Bernardo (2002, 2005) found
that they performed better in the Filipino version of the word problems. The
difference though between his Filipino students and the Arab American
students of this study, is that the Filipino students lived in their native country
where they speak and practice their home language most of the time. Arab
American students, on the other hand, speak English for the major part of
their day with the exception of speaking Arabic when they are at home or when
interacting with some members of their community. Bernardo (2002, 2005)

found that Filipino students raised in a Filipino speaking society, but who have
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always learned mathematics in English, tended to do better when problems
were presented in their native language (Filipino) rather than the language of
instruction (English). My study investigates the likelihood of the Arab
American students performing similar to the Filipino students in Bernardo’s
studies. The lack of research on this particular student population makes this
study exploratory in nature and a first step that sets direction for future

studies.

Research Questions
This study aims at exploring the relationship between the language of the
word problems and the performance of the bilingual Arab students who are
literate in both English and Arabic while controlling for their level of
comprehension in both the English and Arabic languages as well as their level
of performance in mathematics problem solving. With this focus, the study
aims to answer three main research questions:

1. Does the language in which a mathematical word problem is stated
have an effect on the performance of the bilingual students?
Specifically, is there a difference in the performance of Arab-
American students when solving word problems in English compared
to solving word problems in Arabic? Null Hypothesis: There will be
no significant difference in the performance of Arab-American
students when solving word problems in English compared to solving

word problems in Arabic.
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2. Do Arab-American students with higher levels of Arabic proficiency
perform better in either or both versions of the word problems? Null
Hypothesis: Arab-American students with higher levels of Arabic
proficiency will not perform better on the Arabic version of the word
problems than on the English version.

3. What are some common differences and similarities in the problem
solving processes of Arab-American students as they solve problems

in English or Arabic?

Procedures for Conducting the Study

Students were selected from a full-time Islamic school located in the
Eastern region of the United States. An Islamic school is an ideal place to find
a high concentration of Arabic speaking students with advanced level of Arabic
proficiency who fit the criteria of subject selection for this study. The
principals’, teachers’ and parents’ permission were requested in order for the
selected students to participate in this study. Students who did not wish to
participate in this study were given word problems assigned by the teacher.
The duration of the data gathering and subject’s participation was 4 to 6

weeks.

Plan for school recruitment
A short principal survey (Appendix A) was distributed together with a

letter of introduction to collect general information about the number of the
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student population in each grade level and the level of Arabic courses offered to
students in grades 5 through 7. The principal survey was used to determine
whether the school had enough students in the levels of Arabic and English
proficiencies required in this study. In addition, the principal survey was also
used to evaluate the student population and determine the standardized
exams, if any, that were used to evaluate student performance in Arabic,

English and mathematics at the school.

Plan for obtaining informed consent from parents

Once the school was selected and support had been confirmed,
arrangements were made to set a time for the study. The teachers were asked
to read and sign the letter of support (Appendix B) to administer this study in
their classroom and to distribute to the parents the consent forms (Appendix
C1,C2, & D) to all the students in grades 5, 6, and 7. The parents and
students then read, signed and returned the consent forms the next day which
were collected by the teacher and kept on school premises at the request of the
administration. It was important for students to know that not participating in
the study meant they would still do related classwork, for otherwise, they might
have been tempted to not participate in the study. The researcher also made
sure parents and students were aware that the results of this study would not

be linked to the students’ records.
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Administering the Tests

Once the support and approval of the principal were obtained, the
teachers were sent the letter of support for them to read, sign and send back.
The word problem sets (Appendix E1, E2, F1, & F2) were administered to the
students in their own classroom and by their own mathematics teacher. All
parents supplied their approval for their children’s participation in the study.
However, a total of 29 students refused to participate in the study. The

researcher personally assessed the student solutions.

Sample

Population

The researcher sought the participation of all of the 202 students
from grades 5, 6 and 7 enrolled in that particular Islamic school in the
Eastern region of the United States. This Islamic school consisted of two
branches: one for girls and one for boys. The administrators of the
school offered the researcher their full support through a formal written
letter. The administration expressed support for all research efforts that
might shed light on improving teaching practices for the Arabic bilingual
students.

The girls’ branch consisted of 44 fifth graders, 38 sixth graders, and
40 seventh graders. The boys’ branch consisted of 29 fifth graders, 26
sixth graders, and 25 seventh graders. Due to the refusal of some of the

students to participate in the study, the number of students actually
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participating were 27 fifth graders, 30 sixth graders, and 38 seventh
graders from the girls branch; and 29 fifth graders, 26 sixth graders, and
23 seventh graders from the boys branch. Hence, the total number of

participants was 173 students.

Sampling Method

Students from grades 5, 6, and 7 were selected for this study and
were randomly assigned to four equal groups through a random number
generator. Most of the students enrolled were literate in both languages:
English and Arabic. Each group solved two sets of 10 mathematical
word problems given on two separate school days. To control for
reliability of test items and examine learner effect, groups 1 (Engl/Eng?2)

and 4 (Arl/Ar2) were formed.

Table 1 Description of groups with respect to language of each set

Group Set 1 Set 2 Language of Sets
1 English English Engl/Eng?2
2 English Arabic Engl/Ar2
3 Arabic English Arl/Eng2
4 Arabic Arabic Arl/Ar2

Each group was described by the language in which the
word problems were written. For example, Group 2 being Engl /Ar2

means that students in this group solved the word problems of set 1 in
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English and solved the word problems of set 2 in Arabic. The following is
a description of the language of each set and the order they were given to

each group.

Selection Criteria

Selection criteria was based on schools having large number of
students who are literate in both the Arabic and English languages. The
school chosen for this study offered an American coordinated curriculum
together with a strong Arabic and Islamic curriculum offered in the
Arabic language. Students enrolled in this school had a strong
foundation in the Arabic language as their first language.

In general, students enrolled in this particular school needed a
minimum level of literacy in both languages in order to be productive.
Part of the reason why this school had been selected was that both of the
Islamic studies and social studies were offered in the Arabic language
which required an advanced level of proficiency in the Arabic language.
All other courses were offered in English. All of the parents of the
students provided their permission to allow their children to participate
in the study except one. Students who did not wish to participate in the
study were required to solve word problems given by their teacher. As a
courtesy to the mathematics teachers involved in the study, the

researcher prepared an alternate set of word problem for both set 1 and
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set 2 that could be given to students who were not able or unwilling to

participate in the study.

Instrumentation
The data for this study was collected via the following instruments:
A. Principal survey
B. Stanford Achievement Test (SAT10) for Reading, and for
Mathematics Problem Solving.
C. Arabic final average given at the end of the academic year.
D. Two sets of word problems consisting of 10 problems each
constructed by the researcher.
A description of each instrument and what each measures follows.
A. Principal Survey
The purpose of the principal survey was to collect general information
about the student population enrolled in the school, particularly in regards to
the number of students enrolled in grades 5, 6, and 7, the levels of Arabic
classes offered at each of these grade levels, and the number of students
enrolled in each level of Arabic per grade level. This information was vital to
determining whether a school provided a sizeable student population with the
required Arabic foundation appropriate for the purposes of this study. A good
indicator of the level of students’ Arabic proficiency was whether the school
offered students any courses in Arabic. In particular, the researcher was

interested in determining whether the Islamic Studies and/or Social Studies
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were offered in Arabic, since most regular full-time Islamic schools offer these
two subjects in English. Other information provided by the principal survey
were the types of standardized testing students take, which were later used as
the covariates in the data analysis. The principal was asked to indicate
whether the Arabic classes were partitioned to accommodate for students with
varying levels of Arabic literacy. Finally, the principal was asked to give the
number of students enrolled in the different levels of Arabic literacy in each
grade level to assure an adequate number of students were enrolled at an

advanced level of Arabic literacy in each grade level.

B. Stanford Achievement Test

The Stanford Achievement Test (SAT) is a standardized test that
measures student achievement in reading, language, spelling, study skills,
listening, mathematics, science and social science for all grade levels. Most
test items are multiple-choice; however, there are some open-ended items and
writing prompts available. To provide a more holistic means of evaluating
students’ skills, they are recommended to be used in combination rather than
as alternatives. Having the reading selections of the SAT 10 written by
children’s authors is a unique feature of this battery. New test items were
devised by test professionals and content experts to target higher order
problem-solving processes. Test items within subtests are not arranged in the
typical “easy to hard” order, but rather mixes easy and difficult items. This

arrangement was found to keep students motivated to finish the entire set of
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problems instead of giving up when faced with a difficult problem thinking that
all problems that follow will be more difficult. Even though calculators are
allowed but not required to be used in the Mathematics Problem Solving
subtest only, there was no statistical difference between the performance of
students either using or not using a calculator for that subtest (Carney, 2005).
Item tryouts were analyzed using the Mantel-Haenszel bias analyses and
screening of the final test items was performed by a 20-member “Bias Review
Advisory Panel” to minimize bias or stereotyping in areas pertaining to gender,
ethnic, cultural, disability, or SES.

Changes in the school curricula and national assessment trends
prompted the development of the tenth edition of the SAT in 2002. The
standardization process involved 250,000 students in the spring and 110,000
students in the fall. The standardization sample was a close reflection of the
2000 U.S. population partition with respect to geographic region,
socioeconomic status, urbanicity, and ethnicity. In addition to individual raw
scores, several types of normative scores are offered by the Stanford 10 such
as: individual percentile ranks, scaled scores, stanines, Normal Curve
Equivalents (NCEs), group percentile ranks and stanines, and grade
equivalents. Performance levels were also classified qualitatively to one of four
levels: (1) Below basic, (2) Basic, (3) Proficient, and (4) Advanced.

The technical report stated that the Stanford 10 demonstrates a “high
degree” of internal consistency reliability (Carney, 2005). Reliability of the SAT

refers to the degree of consistency and dependability of the testing procedure
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and scores when performed repeatedly on a certain population (Berk, 1998).
The majority of the Kuder-Richardson Formula 20 (KR20) coefficients
calculated for the full-length test (Forms A and B) are in the mid .80s to .90s,
which are considered satisfactory for the purposes of such a test (Carney,
2005). Alternate-form reliability measures the equivalency of Forms A and B,
and shows that correlations across the various tests of both Forms ranging
from .53 to .93, but usually in .80s. The composite scores of the “Total
Reading” and “Total Mathematics” were usually close to .90.

The validity of the SAT is left to the user to determine whether the test
items appropriately correlates with the school curricula and educational goals
(Berk, 1998; Carney, 2005). Validity refers to the degree of compatibility of
what the test measures with the actual curricula and goals set and taught at
the particular school. Content validity is evident in the careful process of
development of test items based on well-defined test blueprint revised as
needed by test professionals and content experts. Test items were also
subjected to extensive scrutiny by a qualified panel to free them from any bias
or stereotype. Evidence of convergent validity is marked in the correlations
between the various subtests and totals of the Stanford 10 levels with the
subtests of the Stanford 9, which run in the .70s-.80s. Construct validity is
evident in the correlations between the Stanford 10 and Otis-Lennon School

Ability Test (OLSAT 8) (Berk, 1998; Carney, 2005).
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C. Arabic Final Average

All of the students enrolled in grade 5, both boys and girls, were initially
given a comprehension test in Arabic, and all of the students enrolled in grade
6 and 7, both girls and boys, were given another comprehension test in Arabic
that was compatible with 5th grade test but covering a slightly more difficult
content. Both tests were multiple choice. The tests included questions asking
for synonyms of certain words, reading a short story and answering questions
about it, choosing sentences that are written without any grammatical or
syntactical errors. All the tests were corrected by the headmaster of the Arabic
department. After reviewing the results, the researcher found vast discripancy
in the Arabic test scores per grade level. The scores ranged from 13% to 100%
in grade 5, 17% to 100% in grade 6, and 6% to 89% in grade 7. This enormous
variation indicated either the students did not take the test seriously or the
correction was not standardized across the grade levels. There are two major
problems with this test. It was not comprehensive, nor was it standardized.
Consequently, the researcher felt that this single test was not a true or fair
measure of the student’s comprehension level in the Arabic language.
Alternately, the researcher decided, with the approval of the head committee
member, to use the overall average in the Arabic subject given by the school at
the end of the academic year. This grade acted as a general measure of Arabic

competency.
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D. Two Sets of Word Problems

The students were given two parallel sets of 10 problems each (Appendix
E1l, E2, F1, & F2). Each set contained five types of two analogous problems
focusing on the following concepts: logical reasoning, thinking backwards,
comparing the value of two options, the concept of “twice as”, and finally, the
concept of “fewer than”.

Because the Arabic word problems were given to students in the written
standard Arabic form which is unified throughout the Arabic region in the
Middle East, variations in dialects found only in the spoken form of the Arabic
language did not pose any problem for the present study. To make the reading
of the problems less confusing and more transparent, additional marks were
written over or below the letters in the Arabic version. These marks are not
part of the Arabic alphabet, however their function is similar to the short
vowels in the English language. As a quick overview:

e a ‘fatha’is a little dash written over a consonant to indicate the
short vowel “A”;

e a ‘kasra’is a little dash written below a consonant to indicate the
short vowel “I” or “E”;

e a ‘damma’is a symbol that resembles a comma written over a
consonant to indicate the short vowel “O” or “U”;

e finally, a ‘sukoun’is a small circle similar to a degree notation

written over a consonant to indicate the lack of a vowel.

79



Expert Arabic readers can read the Arabic text without the help of these
marks, however the presence of these marks helped to eliminate any possible
confusion, especially for the beginner/moderate readers.

The word problems for set 1 were mostly selected from a standard
mathematics textbook used in the United States in an accredited fulltime
Islamic/American school. The word problems for set 2 were mostly selected
from an overseas mathematics textbook for fifth grade written in Arabic. The
curriculum of the Arabic textbook covered similar topics to the curriculum
taught in the American schools for this grade level. Set 1 was translated to
Arabic and set 2 was translated to English; the result was four sets of 10
problems each where each two sets were identical in content but in different
languages. The names of individuals/people mentioned in the word problems
were matched to the language of the word problem. For example, problem 1 in
set 1 talked about the Brown family in the English version, whereas in the
Arabic version, it was the Yassin family which was a familiar name in the
Arabic culture. The Arabic numeral digits (O, 1, 2, .., 9) were used in both the
English and Arabic versions to minimize any unnecessary confusion for the
students, since most students learn mathematics using these numerals. Due
to the expected diversity of students participating in this study and the lack of
cetainty that all students would be familiar with one specific middle eastern
currency, all currency was expressed in the dollar value so as to be familiar for
all, if not most, students participating in this study. Moreover, the topics of the

word problems were scrutinized and selected to match the cultural standards
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and interests of the student population. For example, problem 8 in set 1 was
initially about five students, girls and boys, participating in a swimming relay
race. Such an activity might be either unfamiliar to some students, or
unacceptable from an Islamic standard for boys and girls to be swimming
together in the same race. Hence, the topic of the problem was changed to a
running race where all participants were girls. Problem 5 in set 1 was modified
from baseball practice to basketball practice, since participants are more likely
to be familiar with basketball than baseball.

Translation of the word problems from English to Arabic for set 1 and
from Arabic to English for set 2 was subjected to scrutiny by two fully bilingual
university professors on several occasions mainly: once during the course of
preparation of the word problems, and once at the end when all modifications
were finalized for the word problems. Based on the feedback from both
professors, several syntactical and grammatical mistakes were corrected and
some questions were revised to remove any unnecessary confusions caused by
the wording of the questions. For example, problem 6 in set 1 dealing with
Mrs. Price selecting an appropriate plan for making long distance phone calls,
the question at the end of the word problem was modified from: “Which plan
should Mrs. Price use? Why?” to: “Which plan is cheaper? By how much?”
Another example was problem 8 of the same set concerning five female
students running in a race. The initial question was to determine who ran

third; however, in order to get better insight on students’ logical processing of
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the word problem the question was adjusted to: “Who were the first, second,
and third to finish the race?”

The numbers used in some word problems were adjusted to control for
unnecessary computational challenges since the focus of the word problems is
to measure students’ linguistic processing ability rather than evaluating their
computational competencies. Furthermore, all word problems, both English
and Arabic versions, were solved by the researcher several times to avoid any
unforseen problem or unwarranted perplexity that might rise. However, there
were two problems for which the problem stated in a language made it easier to
understand in one over the other due to the nature of the language or to
differing vocabulary in each language. Five mathematics professors have
evaluated and approved the word problems with respect to difficulty level and

adequacy of concepts targeted by the word problems.

Research Design

The students were randomly divided into four groups: group 1 were
given only the English version of the problems for both sets (Engl/Eng2);
group 2 were given the English version for the first set and the Arabic version
for the second (Engl/Ar2); group 3 were given the Arabic version for the first
set and the English version for the second (Arl/Eng2); and group 4 were given
only the Arabic version of the problems for both sets (Arl/Ar2).

To better interpret the results of this study, it was important to evaluate

students’ computational skills. To do so, the study included a rubric. The
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rubric was a four point scale that assigned points for both process and correct

answer.

Table 2 The rubric used for assessing student solutions

LEVEL NO. DESCRIPTION CHARACTERISTICS
4 The solution offers clear and Solution exhibits correct process
convincing evidence of deep and answer.

knowledge of the mathematics.

3 The solution offers evidence of | Solution exhibits correct process
substantial knowledge of the but minor flaw leading to
mathematics. incorrect answer.

2 The solution offers limited or Solution exhibits incorrect or
inconsistent evidence of missing process but the answer

knowledge of the mathematics. |is correct.

1 The solution little or no Solution exhibits wrong answer
evidence of knowledge of the and wrong process or, wrong
mathematics. answer and no process shown.

0 No attempt was made to solve Solution is missing.

the problem.

Each set of ten word problems were scored based on the rubric where the

lowest raw score was O and the highest score was 40.
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Variables of the Study

1.

Independent variable: The only independent variable in this study

was the group number each student belonged to which revealed the
language of each of set 1 and set 2. The language variable was given
the value O if the the student solved the problem set in English, and 1
if the the student solved the problem set in Arabic.

Covariate variables: There are three covariates used in this study.

The first two covariates are the student’s standardized score on the
Stanford Achievement Test 10 (SAT10) for the reading comprehension
and the mathematics problem solving categories. The student’s final
average in the Arabic language was used as the third covariate to
control for the student’s level in the Arabic language. About 21
students were classified by the school as either ESL 1 or ESL 2
students, which means they take English as a second language at a
level 1 or a higher level 2. These students did not take the SAT10,
hence their scores in both the reading comprehension and
mathematics problem solving were missing. To compensate for their
missing scores, with the approval of the statistical supervisor, they
were assigned by the researcher the 25t percentile normalized scaled
score in the reading comprehension for the specific grade level of the
student in ESL 2 and the 10t percentile normalized scaled score of
the student in ESL 1. Only four students left the school before being

tested for SAT10, hence they were given the SOth percentile normalized
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scaled score in the reading comprehension for their grade level. All of
these students were given the 50t percentile normalized scaled score

for their grade level in the mathematics problem solving. None of the

students were missing their final average in the Arabic language.

Dependent variable: The student’s total score on set 1 and total score

on set 2 were used as the dependent variables in running the
statistical tests for this study. This score ranged from O to 40,
following the rubric selected for this study. A total score of O was
given to those students in group 2 (Engl/Ar2) or group 3 (Arl/Eng2)
who explicitly expressed their inability to solve only one of the two
sets of word problems due to their lack of proficiency in that
particular language. These students were not excluded from the
study. Students who were in group 1 (Engl/Eng?2) or group 2
(Ar1/Ar2) and were unable to solve both sets of word problems due to
their lack of proficiency in that particular language were excluded
from the study. Missing scores on either set 1 or set 2 for other

reasons, like absence or departure from school, were left empty.

Data Analysis Procedures

The students in grades 5, 6, and 7 were randomly assigned to one of the

four groups (Engl/Eng2, Engl /Ar2, Arl1/Eng2, Ar1/Ar2). The covariates were

the student’s scores on the Stanford 10 standardized test on English

comprehension and mathematics problem solving areas, as well as the final
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grade given to the student at the end of the academic year in the Arabic
subject. The dependant variable was the total scores given on set 1 and set 2
of the word problems presented in this study. The independent variable is the
group number that the student was randomly assigned to. Group 1 refers to
Engl /Eng?2; group 2 refers to Engl/Ar2; group 3 refers to Arl/Eng2; and
group 4 refers to Arl/Ar2.

To answer the first research question: “Does the language in which a
mathematical word problem is stated have an effect on the performance of the
bilingual students?”, two separate statistical tests were performed. A
multivariate analysis of covariance (MANCOVA) was conducted where the
independent variable is the group number, the dependent variable is the total
scores on set 1 and set 2, and the covariates are the SAT10 scores on reading
comprehension, SAT10 scores on mathematics problem solving, and the final
average in the Arabic school subject. A total of:
3(covariates) X 4(groups) X 2(posttest measures)=24 cells resulted from this
design. A MANOVA was then conducted followed by a Tukey post hoc analysis
to support the MANCOVA test and to determine whether group performance
varied significantly from each other on set 1 and set 2 respectively and in what
direction.

To answer the second question: “Do Arab-American students with higher
levels of Arabic proficiency perform better in either or both versions of the word
problems?”, two types of regression analysis were performed. Multiple

regression was conducted first to give an overall picture of how the different
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groups performed compared to first group (Engl/Eng 2) and which of the three
covariates was most influential in predicting student performance on sets 1
and 2. A simple regression followed by a multiple regression were conducted
on four separate subgroups: (1) groups 1 and 2 who performed the English
version of set 1; (2) groups 3 and 4 who performed the Arabic version of set 1;
(3) groups 1 and 3 who performed the English version of set 2; and (4) groups 2
and 4 who performed the Arabic version of set 2. Arabic was entered as the
only predictor in the first model and then the other two covariates (SAT10
scores on reading comprehension and mathematics problem solving) were
added to the second model.

To answer the third research question: “What are some common
differences and similarities in the problem solving processes of Arab-American
students as they solve problems in English or Arabic?” a frequency table was
established for the percentage of students who received each of the possible
score value (0, 1, 2, 3, or 4) for each word problem per set per language.
Comparisons were made between problems of similar themes across languages
for each set and across both sets. I analyzed individual student responses and
tallied the types of mistakes and/or procedures exhibited through student
responses while keeping track of the language in which they occurred. The
researcher also documented all of the remarks and comments written by the

students on their test papers.
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Research Issues
Reliability
To control for reliability and to decrease the learner effect, group 1
(Engl/Eng2) and group 4 (Arl/Ar2) were formed. To further control for the
learner effect, testing all students was performed on two different days with a
few days gap in between, such as on a Thursday and the following Tuesday.
Internal consistency reliability: A pilot study was done prior to this study
where data was collected from 20 students who performed set 1 in Arabic
and 25 students who performed set 2 in English. Evaluation of these
students was coordinated by the researcher and another native English

speaking rater for the English version of set 1 and the researcher and a
different native Arabic speaking rater for the Arabic version of set 1
according to the rubric selected for this study. Discussions were held by
each of the two raters about any differences in their ratings and a
consensus was reached. The Cronbach’s Alpha coefficient was
calculated for problems 1 through 10 of set 1 and was found to be .70
indicating minimally adequate reliability.

Interrater reliability: 15 test papers were randomly selected from set 1
and 20 test papers were randomly selected from set 2 from each
language group for a total of 70 papers. The test papers of sets 1 and 2
in the English language were rated by the researcher and the same
native English speaking rater as in the pilot study, and the test papers of

sets 1 and 2 in the Arabic language were rated by the researcher and the
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same native Arabic speaking rater as in the pilot study. The interrater
reliability index as measured by intraclass correlation coefficient for the
English version was .88 and for the Arabic version was .79. This
indicates that there is a high interrater reliability between both pairs of
raters.

Equivalent forms reliability: To establish the equivalent form reliability of
the two sets of the word problem instrument, the performance of
students in group 1 (Engl/Eng?2) and group 4 (Arl/Ar2) were tested for
any variance in performance between set 1 and set 2. The correlation of
the performance of students in group 1 (Engl/Eng2) who performed both
sets 1 and 2 in English was computed using the Guttman split-half
coefficient and was found to be .93 indicating very high correlation
between both sets of the word problems. Similarly, the correlation of the
performance of students in group 4 who performed both sets 1 and 2 in
Arabic was computed using the Guttman split-half coefficient and was
found to be .77 indicating a good correlation between both sets of the
word problems but not as high as the English version. This indicates
that there is a good level of equivalent forms reliability between sets 1
and 2. Since the two forms have been shown to be highly correlated,
then any future variances that may be found between students
performing the word problems in different languages may not be
attributed to the word problem instrument, but rather explained by the

language factor, having controlled for the students’ abilities in the
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reading comprehension, mathematics problem solving and Arabic
language. The correlation of the performance of students in group 2
(Engl/Ar2) on sets 1 and 2 was computed using the Guttman split-half
coefficient and was found to be .51. The correlation of the performance
of students in group 3 (Arl/Eng2) on sets 1 and 2 was computed using
the Guttman split-half coefficient and was found to be .55. Due to the
close affinity between the two values of the Guttman split-half coefficient
for groups 2 and 3, the order of language in which the students
performed sets 1 and 2 did not affect how well they performed on these

two sets.

Validity
This study possesses ecological validity since the methods,

materials and setting of the study approximate the real-life situation that
is under study. Three professors of mathematics reviewed both sets of
word problems at several stages in the design of the study. The themes
of the word problems in both sets were verified for compatibility and the
numbers used in the word problems were checked for level of difficulty.
The three professors approved the word problems of sets 1 and 2, thus

establishing the face validity of the word problems instrument.
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Conclusion
Methodology of this research will help determine areas in which Arab-
American students’ comprehension level impact their success in solving
mathematical word problems in Arabic or in English. The instrumentation, the
research design, and data analysis procedures, all focus on ascertaining the

language factors that play a role in Arab-American students’ understanding of

mathematical word problems.
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CHAPTER FOUR

FINDINGS OF THE STUDY

Introduction

In this chapter, the findings of this study are achieved through
quantitative statistical analysis, as well as through qualitative analysis of
students’ processing of the word problems. The quantitative statistical
analysis included running descriptive statistics, correlations, MANCOVA,
MANOVA, multiple regression, and a combination of four simple regressions,
each of which was followed by a multiple regression. The qualitative analysis
included detailed discussion of student processing of each word problem within
each set in each language version. Discussion of word problem processing was
conducted within each of the five word problem categories, which are: “logical
reasoning”, “x times as many”, “fewer than”, “think backwards”, and “multi-
step problem”.

This study attempted to answer three research questions. The first two
questions were answered using the quantitative statistical analysis, while the
last research question was answered using the qualitative analysis. The three
research questions are:

4. Does the language in which a mathematical word problem is stated

have an effect on the performance of the bilingual students?

Specifically, is there a difference in the performance of Arab-
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American students when solving word problems in English compared
to solving word problems in Arabic? Null

5. Do Arab-American students with higher levels of Arabic proficiency
perform better in either or both versions of the word problems?

6. What are some common differences and similarities in the problem
solving processes of Arab-American students as they solve problems

in English or Arabic?

Descriptives
There were 202 students enrolled in grades 5, 6 and 7 in the school
participating in the study. 29 students chose not to participate in the study
and hence were eliminated. A total of 173 students participated in the study.
Table 3 shows an overview distribution of the students with respect to grade
level and gender.

Table 3 Distribution of the students with respect to grade level and gender

Grade 5 Grade 6 Grade 7
Females 27 30 38
Males 29 26 23
Total 56 56 61

Table 4 presents the number of students in each of the four groups with
the mean, and standard deviation for each of the three covariates: SAT

reading comprehension, SAT mathematics problem solving, and Arabic
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final grade; and the two dependent variables: set 1 and set 2 totals. A
MANCOVA analysis will determine whether the means are significantly
different or not.

Table 4 Descriptive statistics of students by group

Group Number Mean Std. Deviation
(1) SAT Reading
Eng1/Eng2 Comprehension 39 650.62 30611
SAT Math
Problem Solving 39 654.64 32.728
Arabic Average 39 87.05 9.451
Pretest Total 38 23.1 9.498
Posttest Total 39 2415 8.502
Valid N (listwise) 38
(2) SAT Reading
Eng1/Ar2 Comprehension 37 663.68 37.330
SAT Math
Problem Solving 37 668.27 40.659
Arabic Average 37 86.81 9.076
Pretest Total 37 26.86 7.868
Posttest Total 35 13.17 10.459
Valid N (listwise) 35
3) SAT Reading
Ar1/Eng2 Comprehension 40 656.60 35.841
SAT Math
Problem Solving 40 657.13 31.669
Arabic Average 40 89.05 7.103
Pretest Total 39 15.44 8.255
Posttest Total 39 25.49 7.104
Valid N (listwise) 38
4) SAT Reading
Ar1/Ar2 Comprehension 57 656.75 38.4r7
SAT Math
Problem Solving 57 663.91 35.323
Arabic Average 57 89.18 7.956
Pretest Total 55 17.33 8.192
Posttest Total 55 17.51 8.823
Valid N (listwise) 53
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Correlations

Table 5 describes the overall correlation for all 173 students of each of
the three covariate variables and the two dependent variables with each of
the other variables. Overall, SAT reading is highly correlated (.643) with
SAT mathematics problem solving. SAT mathematics problem solving is
moderately correlated (.436) with Set 1 totals and less moderately correlated
(.359) with Set 2 totals. The Arabic average did not correlate highly with
any of the other two covariates. Although all of the other correlations are

significant, none is greater than .40.

Table 5 Overall correlation of variables

SAT Reading SAPTr Jheth | arabic Set 1 Set 2
Comprehension Solvi ’ Average Total Total
olving
SAT Reading Pearson o * o o
Comprehension Correlation 1 643(7) 15109 -336() -266(")
Sig. (2-tailed) .000 .047 .000 .000
N 173 173 173 169 168
SAT Math Pearson - ok o o
Problem Solving Correlation 643(7) 1 230(%) 436(7) 359(%)
Sig. (2-tailed) .000 .002 .000 .000
N 173 173 173 169 168
Arabic Average Pearson * - * o
Correlation A51(%) .230(*) 1 .159(%) 297(*)
Sig. (2-tailed) .047 .002 .039 .000
N 173 173 173 169 168
Set 1 Total Pearson o *r * o
Correlation .336(*%) 436(*%) 159(%) 1 .326(*%)
Sig. (2-tailed) .000 .000 .039 .000
N 169 169 169 169 164
Set 2 Total Pearson - ok o o
Correlation .266(*%) .359(*%) 297(*%) .326(*%) 1
Sig. (2-tailed) .000 .000 .000 .000
N 168 168 168 164 168

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Table 6 presents the correlations between the three covariates (SAT
reading comprehension, SAT mathematics problem solving, and Arabic
average) and the two dependant variables (DVs: set 1 total, and set 2 total), but
for each group separately. Results from table 6 show:

1. SAT reading comprehension is highly correlated with SAT mathematics
problem solving across the four different groups, which is consistent with
the overall high correlation reported in Table 3. SAT reading comprehension
is also highly correlated with set 1 totals, and set 2 totals for group 1
(Engl/Eng?2), moderately high (.475) with set 1 totals for group 2
(Engl/Ar2), and moderately high (.529) with set 2 totals for group 3
(Ar1/Eng?2). Hence, it was found that SAT reading comprehension is
moderately to highly correlated with student performance when solving
problems in the English language.

2. SAT mathematics problem solving is also highly correlated with set 1 totals
and set 2 totals when they are performed in the English language, but
moderately correlated with set 2 totals (.466) for group 3 (Ar1/Eng2). On
the other hand, all correlations of SAT mathematics problem solving with
set 1 totals and set 2 totals were low (<.40) when performed in the Arabic
language. Group 2 (Engl/Ar2) was the exception with correlation of .580.
Hence, the correlation of SAT mathematics problem solving with student

performance when solving problems in the Arabic version was low.
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3. The correlation of Arabic final grade with set 1 and set 2 totals seem to be
moderate (.429) to low moderate (<.40) when the problems are done in
Arabic.

4. Set 1 totals were highly correlated with Set 2 totals when the language of
both sets was the same: group 1 (Engl/Eng2) (.838); group 4 (Arl/Ar2)
(.591). There is a moderate correlation between set 1 and set 2 totals for

group 3 (Arl/Eng?2) (.431).
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Table 6 Correlations of variables within each group

SAT Reading | SAT Math
Group Comprehen- Problem Arabic Set 1 Set 2
Number sion Solving | Average | Total Total

(1) SAT Reading Pearson o ok *x
Eng1/Eng2 Compr. Correlation 1 638(7) A7) 6927
Sig. (2-tailed) .000 480 .000 .000
N 39 39 39 38 39
SAT Math Pearson ok * ok *x
Prob. Solving Correlation 638(") 1 331() | 696(™) | .644(™)
Sig. (2-tailed) .000 .039 .000 .000
N 39 39 39 38 39
Arabic Pearson * *
Average Correlation A17 .331(%) 1 231 | .395(%)
Sig. (2-tailed) .480 .039 .162 .013
N 39 39 39 38 39
Set 1 Total Pearson o o *x
Correlation T11(7) .696(*) 231 1] .838(*)
Sig. (2-tailed) .000 .000 162 .000
N 38 38 38 38 38

Set 2 Total Pearson - ok * ok
Correlation .692(*) .644(*) .395(*%) | .838(**) 1

Sig. (2-tailed) .000 .000 .013 .000
N 39 39 39 38 39

(2) SAT Reading Pearson o -
Eng1/Ar2  Compr. Correlation 1 636() 240 1 .475(7) 198
Sig. (2-tailed) .000 152 .003 .254
N 37 37 37 37 35
SAT Math Pearson o o ok -
Prob. Solving Correlation 636(7) 11 445(7) | .752(7) | .580(7)
Sig. (2-tailed) .000 .006 .000 .000
N 37 37 37 37 35
Arabic Pearson o * *
Average Correlation .240 A445(*) 1| .337(%) | .429(%)
Sig. (2-tailed) 152 .006 .041 .010
N 37 37 37 37 35
Set 1 Total Pearson o o * *
Correlation A75(*) 752(™) 337(%) 1] .368(%)
Sig. (2-tailed) .003 .000 .041 .029
N 37 37 37 37 35

Set 2 Total Pearson - * *
Correlation .198 .580(*) 429(%) | .368(%) 1

Sig. (2-tailed) .254 .000 .010 .029
N 35 35 35 35 35

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

98




Table 6 (Continued)

SAT Reading | SAT Math
Group Comprehen- Problem Arabic Set 1 Set 2
Number sion Solving | Average | Total Total
(3) SAT Reading Pearson - ) o
Ar1/Eng2 Compr. Correlation 1 -650() 103 076 | .529(")
Sig. (2-tailed) .000 .526 .644 .001
N 40 40 40 39 39
SAT Math Pearson - ok
Prob. Solving Correlation -650(™) 1 070 1021 .466(™)
Sig. (2-tailed) .000 .668 537 .003
N 40 40 40 39 39
Arabic Pearson 103 070 1) 087 -028
Average Correlation
Sig. (2-tailed) 526 .668 .598 .865
N 40 40 40 39 39
Set1Total  Pearson -076 102 087 1] 431()
Correlation
Sig. (2-tailed) .644 537 .598 .007
N 39 39 39 39 38
Set 2 Total Pearson o * o
Correlation .529(**) A466(**) -.028 | .431(*) 1
Sig. (2-tailed) .001 .003 .865 .007
N 39 39 39 38 39
(4) SAT Reading Pearson o -
Ar1/Ar2  Compr. Correlation 1 641(7) 156 1 .374(7) 161
Sig. (2-tailed) .000 247 .005 240
N 57 57 57 55 55
SAT Math Pearson o * *
Prob. Solving Correlation 641(7) 1 0831 .323() | 3100
Sig. (2-tailed) .000 539 .016 .021
N 57 57 57 55 55
Arabic Pearson * o
Average Correlation .156 .083 1 .307(%) | .349(*)
Sig. (2-tailed) 247 .539 .023 .009
N 57 57 57 55 55
Set 1 Total Pearson o * * *x
Correlation 374(%%) .323(%) .307(%) 11 .591(*)
Sig. (2-tailed) .005 .016 .023 .000
N 55 55 55 55 53
Set 2 Total Pearson * ok o
Correlation 161 310(%) | .349(*%) | .591(™) 1
Sig. (2-tailed) 240 .021 .009 .000
N 55 55 55 53 55

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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MANCOVA Results

The three covariates used in this statistical test are SAT reading
comprehension score, SAT mathematics problem solving score, and final
grade average for Arabic. As reported in Table 4, the intercorrelations
between the Arabic final grade with each of the SAT reading comprehension
and the SAT mathematics problem solving scores are .15 and .23
respectively, which are considered to be low (<.40). However, the
intercorrelation between the SAT reading comprehension and the SAT
mathematics problem solving scores was .64, which is considered to be
relatively high. The MANCOVA test is used to answer the question of
whether there are significant mean differences in student performance for
students in group 1 (Engl/Eng2), group 2 (Engl/Ar2), group 3 (Arl/Eng?2),
and group 4 (Arl/Ar2), after controlling for their levels in English
comprehension, mathematics problem solving and Arabic competence. The
following assumptions for MANCOVA were checked for:

(@) independence of observations: The assumption of independence of
observations was met since students worked individually on
solving set 1 and set 2 on two separate days within a natural
classroom setting. Furthermore, the two sets of word problems are
composed of 10 word problems that are distinct from each other
yet comparable in content.

(b)  normal distribution of the dependent variables: The normal

distribution of the dependent variables was assessed through a
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scatter plot of predicted variable versus Standard Residual. The
assumption of normality for both dependent variables is met.

(c) homogeneity of variances: Box’s Test indicates that the
assumption of homogeneity of variance-covariance has not been
met, F(9,214506.5)= 2.801, p=.003. Since group sizes are fairly
comparable, the F statistic is robust against heterogeneous
variances (Stevens, 2002), thus this violation was not a problem.

(d) linear relationships between the covariates and the dependent
variable: The linearity of the two DVs (setl and set 2 totals) and
the covariates (SAT English reading comprehension, SAT
mathematics problem solving, Arabic final grade) was tested by
calculating the Pearson correlation coefficients. Although all of the
correlation coefficients calculated are statistically significant, all
are quite low except for the correlation between reading
comprehension and mathematics problem solving. Finally, the
correlation between scores on set 1 and set 2 is .33 which is
considered small (<.40).

(e) homogeneity of regression slopes: Levene’s test of equality of error
variances shows that the assumption of homogeneity of variances
has been met for set 1 [F(3,160)=2.417, p=.068] and set 2
[F(3,160)=1.345, p=.262] totals.

Wilks’ Lambda was used as the multivariate statistic. = Wilk’s

Lambda indicates heterogeneity of variance for two of the three
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covariates: SAT mathematics problem solving (Wilk’s A=.859, F(2,

156)=12.844, p<.001, multivariate n2=.141) and Arabic final grade (Wilk’s

A=.940, F(2, 156)=4.969, p=.008, multivariate n?=.060), meaning that

only the mathematics and Arabic achievement covariates have a highly

significant effect on students’ performance on sets 1 and 2. The SAT

reading comprehension scores was not significant in explaining variation

in student performance on sets 1 and 2 (Wilk’s A=.991, F(2, 156)=.733,

p=.482, multivariate n2=.009).

Table 7 Adjusted And Unadjusted Means For Set 1 And Set 2 Totals By

Group Category Using The Covariates SAT Reading Comprehension Scores,

SAT Mathematics Problem Solving Scores, And Arabic Final Average As

Covariates
Set 1 Totals Set 2 Totals
Group Adjusted M Unadjusted M Adjusted M Unadjusted M
Engl/Eng2 23.90 (1.20) 23.11 (9.50) 24.90 (1.20) 24.03 (8.58)
Engl/Ar2 25.79 (1.25) 26.17 (7.51) 12.91 (1.26) 13.17 (10.406)
Arl/Eng2 15.32 (1.20) 15.16 (8.18) 25.81 (1.20) 25.66 (7.12)
Arl/Ar2 16.74 (1.01) 17.17 (8.18) 16.74 (1.02) 17.30 (8.28)

Both the adjusted and unadjusted means of the students who performed

the word problems in the English language are higher than the adjusted

and unadjusted means of the students who performed the word problems in

the Arabic language. From the results presented in Table 8, the separate
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ANCOVA results show that the covariate, SAT mathematics problem solving,

is the only covariate that has a significant effect on both setl and set 2

totals.

Table 8 ANCOVA Summary Table for Set 1 and Set 2 Totals as a Function

of Group Membership, Using SAT Reading Comprehension Scores, SAT

Mathematics Problem Solving Scores, And Arabic Final Average As

Covariates
Source Dependent Var. SS df MS F ) n32
SAT Reading Set 1 Totals 79.06 1 79.06 1.47 .227 .009
Set 2 Totals 17.56 1 17.56 32 571 .002
SAT Math Set 1 Totals 865.48 1 865.48 16.10 <.001 .093
Set 2 Totals 1104.70 1 1104.70  20.29 <.001 .114
Arabic Average Set 1 Totals 205.32 1 205.32 3.82 .052 .024
Set 2 Totals 513.98 1 513.98 9.44 .003 .057
Group No. Set 1 Totals 3069.94 3 1023.31 19.04 <.001 .267
Set 2 Totals 4440.36 3 1480.12 27.19 <.001 .342
Error Set 1 Totals 8439.26 157 53.75
Set 2 Totals 8546.28 157 54.44

Computed using alpha = .05

Univariate ANCOVA results indicate that the DV of setl total was

significantly effected by the covariate of SAT mathematics problem

solving (F(1,157)=16.10, p<.001, partial n2=.093); and was approaching

significance with the covariate of Arabic final grade (F(1, 157)=3.82,
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p=.052, partial n?=.024). However the third covariate of SAT reading
(F(1,157)=1.47, p=.227, partial n?=.009) was not significant.

Univariate ANCOVA results indicate that the DV of set 2 total is
significantly affected by the SAT mathematics problem solving covariate
(F(1,157)=20.29, p<.001, partial n?=.114) and by the Arabic final grade
covariate (F(1,157)=9.44, p=.003, partial n%=.057). Again, SAT reading
played no significant role in explaining variances in student performance

on set 2 (F(1, 157)=.32, p=.571, partial n2=.002).

MANOVA Results

A multivariate analysis of variance was conducted to assess if there were
differences between the four groups (Engl/Eng2, Engl/Ar2, Ar1/Eng2,
Arl1/Ar2) on set 1 and set 2 scores. The correlation between set 1 and set 2
totals is significant but moderate (r=.326). Box’s test of equality of
covariance matrices shows that the assumption of homogeneity of
covariances is violated (F(9,214506.5)=2.801, p=.003), however, since the
group sizes (38, 35, 38, and 53) are relatively similar, this was not a
problem. A significant difference was found among the four groups, Wilk’s
A=.454, F(6, 318)=25.031, p<.001, multivariate n2=.327 (high effect size).
The effect size is the measure of strength of association which is interpreted
as the proportion of variance in the dependent variable (student
performance on set 1 and set 2) explained by the independent variable

(group number) in the sample (Mertler & Vannatta, 2005). Levene’s test of
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equality or error variances has been met for both dependent variables; Set

1: F(3, 160) = 1.527, p=.210, and Set 2: F(3, 160) = 1.654, p=.179.

Table 9 Adjusted Means For Set 1 And Set 2 Totals By Group Number

Set 1 Totals Set 2 Totals
Group No. N Adjusted M SD Adjusted M SD
1 (Engl/Eng?2) 38 23.11 1.36 24.03 1.40
2 (Engl/Ar2) 35 26.17 1.41 13.17 1.46
3 (Ar1/Eng?2) 38 15.16 1.36 25.66 1.40
4 (Arl/Ar2) 53 17.17 1.15 17.30 1.18

The separate ANOVA results shown in Table 10 reveals a
significant main effect for group membership on student performance.
The univariate ANOVA results show that both set 1 totals
(F(3,160)=14.353, p<.001), and set 2 totals (F(3,160)=17.281, p<.001),
when examined separately, contributed to distinguishing the four

groups.

Table 10 Effects of Group Number on Set 1 and Set 2 Totals

Source Dependent Variable df F ) N2
Group Number Set 1 Total 3 14.35 <.001 212
Set 2 Total 3 17.28 <.001 .245
Error Set 1 Total 160
Set 2 Total 160

Computed using alpha = .05
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Furthermore, Table 11 shows that group 1 (Engl/Eng2) (3=5.94,

p=.001, multivariate n2=.065) and group 2 (Engl/Ar2) (=9.00, p<.001,

multivariate n2=.132) did significantly better than the other two groups

on set 1; group 1 (Engl/Eng2) (=6.72, p<.001, multivariate n2=.078)

and group 3 (Arl/Eng?2) (=8.36, p<.001, multivariate n?=.115) did

significantly better than group 4 (Arl/Ar2), but group 2 (Engl/Ar2) (B=-

4.13, p=.029, multivariate n2=.029) did significantly worse than group

4(Arl1/Ar2) on set 2. Hence, as shown by the univariate ANOVAs,

students who solved the word problems in English performed

significantly better than those students who solved the word problems in

Arabic for both sets 1 and 2.

Table 11 Parameter Estimates as a result of MANOVA

Partial Eta| Observed
Dependent Variable Parameter B Std. Error t Sig. Squared Powef
Set 1 Total Intercept 17.170 1.149 14.938 .000 .582 1.000
[GrpNo=1] 5.935 1.779 3.337 .001 .065 913
[GrpNo=2] 9.002 1.823 4.939 .000 132 .998
[GrpNo=3] -2.012 1.779 -1.131 .260 .008 .203
[GrpNo=4] ob ) ) ) . )
Set 2 Total Intercept 17.302 1.184 14.618 .000 572 1.000
[GrpNo=1] 6.724 1.832 3.671 .000 .078 .954
[GrpNo=2] -4.130 1.877 -2.201 .029 .029 590
[GrpNo=3] 8.356 1.832 4.562 .000 115 .995
[GrpNo=4] ob

a. Computed using alpha = .05

b. This parameter is set to zero because it is redundant.
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Examination of post hoc results confirm these findings as shown in
table 12. Basically, the post hoc confirms that students who solved the
word problems in the English language performed significantly better
than students who solved the word problems in the Arabic language in

both sets.

Table 12 Post Hoc multiple comparison of groups using Tukey

Tukey HSD
Mean

Difference 95% Confidence Interv:
Dependent Variable(l) Group Number(J) Group Numbe (I-J) Std. Errol Sig. Lower Boun{ Upper Boun
Set 1 Total Eng/Eng Eng/Ar -3.07 1.960 .402 -8.16 2.02
Ar/Eng 7.95 1.920 .000 2.96 12.93

Ar/Ar 5.94 1.779 .006 1.32 10.55

Eng/Ar Eng/Eng 3.07 1.960 402 -2.02 8.16

Ar/Eng 11.01 1.960 .000 5.92 16.10

Ar/Ar 9.00 1.823 .000 4.27 13.73

Ar/Eng Eng/Eng -7.95 1.920 .000 -12.93 -2.96

Eng/Ar -11.01 1.960 .000 -16.10 -5.92

Ar/Ar -2.01 1.779 671 -6.63 2.61

Ar/Ar Eng/Eng -5.94 1.779 .006 -10.55 -1.32

Eng/Ar -9.00 1.823 .000 -13.73 -4.27

Ar/Eng 2.01 1.779 671 -2.61 6.63

Set 2 Total Eng/Eng Eng/Ar 10.85 2.019 .000 5.61 16.10
Ar/Eng -1.63 1.977 .842 -6.76 3.50

Ar/Ar 6.72 1.832 .002 1.97 11.48

Eng/Ar Eng/Eng -10.85 2.019 .000 -16.10 -5.61

Ar/Eng -12.49 2.019 .000 -17.73 -7.25

Ar/Ar -4.13 1.877 127 -9.00 74

Ar/Eng Eng/Eng 1.63 1.977 .842 -3.50 6.76

Eng/Ar 12.49 2.019 .000 7.25 17.73

Ar/Ar 8.36 1.832 .000 3.60 13.11

Ar/Ar Eng/Eng -6.72 1.832 .002 -11.48 -1.97

Eng/Ar 413 1.877 127 -74 9.00

Ar/Eng -8.36 1.832 .000 -13.11 -3.60

Based on observed means.

*.The mean difference is significant at the .05 level.
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Multiple Regression Results

Which of the three covariates (i.e. SAT reading comprehension, SAT
mathematics problem solving, or Arabic final grade) are most influential in
predicting student performance scores on sets 1 and 2? The correlation
matrix of Table 4 shows that there is a high correlation between reading
comprehension and mathematics problem solving (r=.646). All other
correlations are minimal (r=.150, between Arabic final grade and SAT
reading comprehension) to moderate (r=.436, between SAT mathematics and
set 1 totals). Regression results indicate that the overall model significantly
predicts student’s performance on set 1 (R%2=.408, R2,4;= .386,
F(6,162)=18.570, p<.001) and on set 2 (R?= .448, R2,q4;= .428,
F(6,161)=21.791, p<.001). The adjusted R square indicates that the model
is quite good, explaining 39% of the variance in student’s performance on
set 1 and 43% of the variance in student’s performance on set 2. A
summary of regression coefficients is presented in tables 13 and 14 and
indicates that only SAT mathematics problem solving score and Arabic final
average significantly contributed to the model for both sets 1 and 2.
Moreover, it is worth noting that the only tolerance value that is closest to 1
was the Arabic final average for both set 1 (.924) and set 2 (.929). Tolerance
is the proportion of the variability of one predictor that is not explained by
the other predictors in the equation (Vogt, 2007). Hence, there is no
problem of multicollinearity between the Arabic final Average and the SAT

reading comprehension and mathematics problem solving.
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Table 13 Coefficients for Model Variable Set 1, Using Group 1 as the

Reference
B SEB B t P Bivariate r  Partial r

Grp 2 2.279 1.733 .100 1.315 .190 .369 .103

Grp 3 -8.267 1.703 -.369 -4.855 <.001 -.281 -.356

Grp 4 -6.943 1.579 -.344 -4.399 <.001 -.217 -.327
Reading Compr. .025 .021 .097 1.217 .226 .336 .095
Math Pr. Solv. .086 .022 .320 3.945 <.001 436 .296
Arabic Final Gr. .147 .071 .130 2.065 .040 .159 .160

Computed using alpha = .05

Table 14 Coefficients for Model Variable Set 2, Using Group 1 as the

Reference
B SEB B t P Bivariate r Partial r

Grp 2 -12.109 1.759 -.498 -6.884 <.001 -.354 -477

Grp 3 .502 1.708 .021 .294 .769 .305 .023

Grp 4 -8.212 1.583 -390 -5.188 <.001 -.176 -.378
Reading Compr. .013 .021 .045 .595 .553 .266 .047
Math Pr. Solv. .099 .022 .352 4.533 <.001 .359 .336
Arabic Final Gr. .230 .071 .196 3.219 .002 .297 .246

Computed using alpha = .05

The beta weights, presented in the Tables 13 and 14, suggest that
students who solved the Arabic version of both sets 1 and 2 performed

significantly lower than students who solved the English version.
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Regression Results

To investigate how well Arabic final grade predict student performance on
the different linguistic versions of sets 1 and 2 while controlling for
students’ reading comprehension and mathematical problem solving
abilities, a two model multiple regression was repeatedly run on the data on
set 1 English version only, on set 1 Arabic version only, on set 2 English
version only, and on set 2 Arabic version only. Results will be discussed
separately and then an overall summation will be presented.

a. Set 1 English version only: This set consisted of all students in

groups 1 and 2 who took the English version of set 1. When
Arabic was entered alone, it significantly predicted student’s
performance on the English version of set 1, F(1,73)=5.747,
p=.019, adjusted R?=.06. This means that only 6% of the variance
in student performance on the English version of set 1 could be
predicted by knowing the student’s final grade in Arabic. When
the other variables were added (SAT reading comprehension score
and SAT mathematics problem solving score), they significantly
improved the prediction, R? change =.47, F(2,71)=37.143, p<.001.
The entire group of variables significantly predicted students
performance, F(3,71)=28.575, p<.001, adjusted R2=.53.

A summary of the regression model is presented in Table 15.

110



Table 15 Simple and Multiple Regression Analysis Summary for Predicting

English Version of Set 1 Totals

Model B SEB B t P R2 A R2

1. Arabic FG .260 .109 .270 2.397 .019 .073 .073

2. Arabic FG .010 .084 .010 114 910 .547 474
Reading Compr. .058 .028 225 2.094 .040
Math Pr. Solv. .135 .027 .568 4.945 <.001

Computed using alpha = .05

The Beta weights, presented in Table 13, suggest that, when
controlling for student’s levels in reading comprehension and
mathematics problem solving, Arabic final grade is no longer a
significant predictor. Moreover, while both SAT mathematics
problem solving and SAT reading comprehension scores contribute
significantly to the student’s performance on the English version,
SAT mathematics problem solving contributes the most.

b. Set 1 Arabic version only: This set consisted of all students in

groups 3 and 4 who took the Arabic version of set 1. When Arabic
was entered alone, it significantly predicted student’s performance
on the Arabic version of set 1, F(1,92)=4.826, p=.031, adjusted
R2=.040. This means that only 4% of the variance in student
performance on the Arabic version of set 1 could be predicted by
knowing the student’s final grade in Arabic. When the other
variables were added (SAT reading comprehension score and SAT

mathematics problem solving score), they did not make a
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significant improvement in prediction, R? change =.05,
F(2,90)=2.604, p=.080. The entire group of variables significantly
predicted students performance, F(3,90)=3.401, p=.021, adjusted

R2=.072.

Table 16 Simple and Multiple Regression Analysis Summary for Predicting

Arabic Version of Set 1 Totals

Model B SEB B t P R2 A R2

1. Arabic FG .243 111 .223 2.197 .031 .050 .050

2. Arabic FG 221 .110 .203 2.009 .048 .102 .052
Reading Compr. .007 .029 .030 .230 .819
Math Pr. Solv. .051 .032 .208 1.603 112

Computed using alpha = .05

The Beta weights, presented in Table 16, suggest that, when
controlling for student’s levels in reading comprehension and
mathematics problem solving, Arabic final grade is the only
significant predictor of student performance on the Arabic version
of set 1, while both SAT mathematics problem solving and SAT
reading comprehension scores are not significant predictors of the
students’ performance.

c. Set 2 English version only: This set consisted of all students in

groups 1 and 3 who took the English version of set 2. When
Arabic was entered alone, it significantly predicted student’s

performance on the English version of set 2, F(1,76)=4.582,
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p=.036, adjusted R?2=.044. This means that only 4% of the
variance in student performance on the English version of set 2
could be predicted by only knowing the student’s final grade in
Arabic. When the other variables were added, specifically SAT
reading comprehension score and SAT mathematics problem
solving score, they significantly improved prediction of student
performance, as evident by the R? change =.38, F(2,74)=24.805,
p<.001. The entire group of variables significantly predicted

students performance, F(3,74)=19.021, p<.001, adjusted R2=.41.

Table 17 Simple and Multiple Regression Analysis Summary for Predicting

English Version of Set 2 Totals

Model B SEB B t P R2 A R2

1. Arabic FG 222 .104 .238 2.141 .036 .057 .057

2. Arabic FG .123 .083 .132 1.474 .145 435 .379
Reading Compr. .099 .027 423 3.701 <.001
Math Pr. Solv. .064 .028 .262 2.253 .027

Computed using alpha = .05

The Beta weights, presented in table 17, suggest that, when
controlling for student’s levels in reading comprehension and
mathematics problem solving, Arabic final grade is no longer a
significant predictor. Both SAT reading comprehension scores and

SAT mathematics problem solving contributed significantly to
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predicting the student’s performance on the English version of set
2.

d. Set 2 Arabic version only: This set consisted of all students in

groups 2 and 4 who took the Arabic version of set 2. When Arabic
was entered alone, it significantly predicted student’s performance
on the Arabic version of set 2, F(1,88)=17.345, p<.001, adjusted
R2=.16. This means that 16% of the variance in student
performance on the Arabic version of set 2 could be predicted by
just knowing the student’s final grade in Arabic. When the other
variables were added (SAT reading comprehension score and SAT
mathematics problem solving score), the model was still
significant, even though the omnibus F statistic showed to be
smaller in value. RZ? change =.14, F(2,86)=8.265, p=.001. The
entire group of variables significantly predicted students

performance, F(3,86)=12.246, p<.001, adjusted R2=.28.

Table 18 Simple and Multiple Regression Analysis Summary for predicting

Arabic version of Set 2 Totals

Model B SEB B t P R2 A R2

1. Arabic FG .460 111 .406 4.165 <.001 .165 .165

2. Arabic FG 379 .105 .334 3.590 .001 .299 .135
Reading Compr. -.051 .030 -.198  -1.695 .094
Math Pr. Solv. 121 .031 .466 3.955 <.001

Computed using alpha = .05
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The Beta weights, presented in Table 18, suggest that, when
controlling for students’ levels in reading comprehension and
mathematics problem solving, both Arabic final grade and SAT
mathematics problem solving score are the significant predictors of
student performance on the Arabic version of set 2, with
mathematics problem solving being a slightly stronger predictor.
SAT reading comprehension scores did not play any significant role

in predicting student’s performance in the Arabic version.

Summary of Quantitative Results

To answer the first research question:

“Does the language in which a mathematical word problem is stated have

an effect on the performance of the bilingual students?”
a MANCOVA, MANOVA, and multiple regression were run on the data.
MANCOVA and the multiple regression tests showed that SAT mathematics
problem solving and Arabic final average were the only two covariates
significant in explaining variance in student performance on set 1 and set 2.
The results from the multiple regression analysis confirmed those of
MANOVA and the Post Hoc tests. The statistical tests indicated that on set
1, group 1 (Engl/Eng2) and group 2 (Engl/Ar2) performed significantly
better than group 3 (Arl/Eng2) and group 4 (Arl/Ar2) and on set 2, group 1
(Engl/Eng2) and group 3 (Arl/Eng?2) performed significantly better than

group 2 (Engl/Ar2) and group 4 (Arl/Ar2). In sum, all of the three tests
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confirmed that students performed significantly better on the English
version of set 1 and set 2 than on the Arabic version.
To answer the second research question:

“Do Arab-American students with higher levels of Arabic proficiency

perform better in either or both version of the word problems?”

a simple and a multiple regression was run four separate times with Arabic
final grade being the only predictor variable, and then adding SAT reading
comprehension and SAT mathematics problem solving as additional
predictors on the following groups:

1. students who performed the English version of set 1, that is, groupl
(Engl/Eng2) and group 2 (Engl/Ar2);

2. students who performed the Arabic version of set 1, that is, group 3
(Ar1/Eng?2) and group 4 (Arl/Ar2);

3. students who performed the English version of set 2, that is, groupl
(Engl/Eng2) and group 3 (Arl/Eng?2;)

4. students who performed the Arabic version of set 2, thatis, group 2
(Engl/Ar2) and group 4 (Arl/Ar2.)

Thus, Arabic final average was significant in predicting student
performance on the Arabic and the English version of set 1 and set 2. As for
the English version of set 1 and set 2, its prediction power became
insignificant when SAT reading comprehension and SAT mathematics
problem solving were added as predictors for student performance. This

analysis was the only one resulting in SAT reading comprehension being a
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significant predictor of student performance on the English version of set 1
and set 2. SAT mathematics problem solving was a significant predictor of

student performance on all except for the Arabic version of set 1.

Word Problems Processing Analysis

This section analyzes students processing of the problem to determine
the answer to the third research question:

“What are some common differences and similarities in the problem

solving processes of Arab-American students as they solve problems in

English or Arabic.”

Frequency table 19 was constructed to show the percent of students who
received either a ‘O’ or ‘1’ versus a ‘3’ or ‘4’ on each word problem per language
within each set. As a reminder, based on the rubric, a student who received a
‘0’ meant that no attempt was made to solve the problem; and a student who
received a ‘1’ meant that the student’s solution exhibited wrong answer and
wrong process or, wrong answer and no process shown. On the other hand, a
student who received a ‘3’ meant that the student’s solution exhibited correct
process but minor flaw leading to incorrect answer or no answer to the
problem; and a student who received a ‘4’ meant that the student’s solution
exhibited correct process and answer to the problem. Success is measured by
the sum of the percent of students who received either a ‘3’ or a ‘4’ on the
rubric, whereas failure is measured by those who received either a ‘O’ or a ‘1’ on

the rubric. A student who received a 2’ meant that the students’ solution
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exhibited incorrect or missing process but the answer to the problem is correct.

The percent of students who received a 2’ score on the rubric were not

reported, because it is hard to tell whether a student actually worked on the

solution mentally, but failed to show the procedure or simply copied the

answer from another student.

(scores of 0,1) and successes (scores of 3,4).

Tablel9

The table shows results for percent of failures

Total Percentage of Students Who Received Either a Score Of 0/1

(Failure), or 3/4 (Success) on Each Word Problem Based on the Rubric.

SET 1 (%) SET 2 (%)
Word ENGLISH ARABIC Word ENGLISH ARABIC
CATEGORY

Prob. ™61 734 | 01 | 34 |P°0 01 34 | 01 | 34
1. Logical Reasoning 2 22 40 33 37 7 50 46 69 21
1. Logical Reasoning 8 32 55 49 31 1 8 62 41 33
2. “twice as” 1 13 85 51 42 2 20 72 62 28
2. “fourlthree times as” 9 68 29 73 22 6 37 57 63 29
3. “fewer than” 5 25 67 47 40 5 31 63 48 44
3. “fewer than” 10 33 66 87 12 9 26 60 70 18
4. “think backwards” 7 54 42 72 17 3 64 30 76 14
4. “think backwards” 4 20 74 41 53 8 19 77 48 49
5. Multi-step problem 3 60 39 73 22 4 49 18 77 5
5. Multi-step problem 6 64 36 87 11 10 77 20 87 10

Overview of Scores Below 10% and Above 90%

An overview of students who scored 10% or lower (i.e. received a score of 4

or lower out of 40) in either language follows:
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1. Arabic: In set 1, eight students (8.5%) received a total score of 4 or less;
out of those, two students (2.1%) received a total score of 0. In set 2,
nine students (10.0%) received a total score of 4 or less; out of those, six
students (6.4%) received a total score of 0. A student received a total
score of 0 on either tests if they have indicated inability to solve the
problems due to lack of adequate knowledge of the language. Thus, 17
students scored 4 or less in the Arabic version.

2. English: None of the students received 4 or less on the English version
of either set 1 or set 2. The lowest score on set 1 was a 7 out of 40 and
on set 2 was a 9 out of 40.

On the other hand, an overview of students who scored 90% or higher (i.e.

received 36 or higher out of 40) shows the following:

1. Arabic: Only one student (1.1%) on set 1 and three students (3.3%) on
set 2 received a score of 36 or above out of 40. Of those, only one student
(1.1%) received a score of 40 out of 40 on set 2 totals. None of the
students received a score of 40 out of 40 on set 1 totals.

2. English: In set 1, twelve students (16.1%) received a score of 36 or above
out of 40; of those, two students (2.7%) on set 1 received a score of 40
out of 40. In set 2, eight students (10.3%) received a score of 36 or
above out of 40; of those, 1 student (1.3%) received a score of 40 out of
40.

To summarize, Table 19 lists the two problems within each set that

belong to the same category. It shows that without exception, the percent of
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students who received a ‘O’ or ‘1’ on each problem solved in the English

version, is lower to a varying degree than the percent of students who

performed the same problems in the Arabic language. Similarly, and without

exception, the percent of students who received a ‘3’ or ‘4’ on each problem

solved in the English version is higher to a varying degree than the percent of

students who performed the same problems in the Arabic language.

Detailed discussion of similarities and differences of students’ processing

of the problems within each category in both sets in each language follows.

Note that consideration of students who received a ‘4’ is omitted since they

made no errors.

Discussion of Category 1 problems: Logical Reasoning

Table 20 Total Percentage of Students Who Received Either a Score Of 0/1

(Failure), or 3/4 (Success) on Each Word Problem in the “Logical Reasoning”

Category Based on the Results from Table 19.

SET 1 (%) SET 2 (%)
Word | ENGLISH ARABIC Word ENGLISH ARABIC
CATEGORY Prob Prob
101113401 )| 34 "1 011|34|01 | 34
1. Logical Reasoning 2 22 | 40 | 33 | 37 7 50 | 46 | 69 | 21
1. Logical Reasoning 8 32 | 55 | 49 | 31 1 8 62 | 41 33

As seen from Table 20, students’ success rate on problem 2 of set 1 is

similar in both languages: English (40%), Arabic (37%). For problem 8 of set 1,

the ratio of students who received a 3/4 to those who received a 0/1 in the
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English version is 55:32; where as the same ratio in the Arabic version is
reversed (31:49). For problem 7 of set 2, the ratio of success to failure was
almost 1 to 1 (50:46) in the English version, while it was 1 to 3% (20:70) for the
Arabic version which shows a bigger gap in performance. For problem1 of set
2, while 62% of students solved the problem correctly in English and 8% were
unsuccessful, only 33% of the students were successful in Arabic while 41%
were unsuccessful. Almost double the percent of students successfully solved
the English version than the Arabic version of problem 8 of set 1, problem 7

and problem 1 of set 2.

Table 21 shows the two word problems that fall under the “logical reasoning”
category from each set.

Table 21 “Logical Reasoning” Word Problems

CATEGORY 1: LOoGICAL REASONING

SET 1 SET 2

2. Four friends are measuring 7. Michael planted apple, plum,

their heights. Sharon is shorter cherry and pear trees in rows.

than Jenny. Jenny is taller than The apple trees are the closest

Bobby but shorter than Sammy. trees to the pear trees. The apple

Who is the tallest? trees are to the right of the cherry
trees, and the plum trees are to
the left. What is the order of the
trees from left to right?
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Table 21 (Continued)

CATEGORY 1: LoGICAL REASONING

SET 1

SET 2

8. Lynn, Francine, Eileen, Susan,
and Nancy ran in a race. Susan
finished the race before Nancy.

Francine finished before Susan but

after Eileen. Lynn finished before
everyone but Eileen. Who was
the first, second, and third to

finish the race?

1. Five students stood in line to
go on the school bus. Nicole
stood first in line; Lara stood
between Sarah and Ron; and
Sarah stood behind Nicole. Where

does Samantha stand in line?

Characteristics of Students’ Processing of Problems:

Logical reasoning: problem 2 and 8 of set 1

A common mistake in both problems 2 and 8 of set 1 was processing the

statements underlined in problems 2 and 8 of Table 21.

In problem 2 of

set 1, students misinterpreted “Jenny is taller than Bobby but shorter than

Sammy” to mean that Bobby, not Jenny, was shorter than Sammy. In

problem 8 of set 1, students also misinterpreted “Francine finished before

Susan but after Eileen”. In both problems, this mistake occurred 16 out of

42 (38%) in the English version, and 19 out of 55 (35%) in the Arabic

version. The occurrence of this mistake in both language versions reflects

the complexity of comprehending two comparisons in the same sentence

regardless of what language is being used.
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e One of the mathematics teachers who conducted the set 1 to the students
conveyed to me that some of the students were not familiar with the name
Wadi (the Arabic name used for Sammy) which in some cases resulted in
not answering the problem. I chose this name because it was popular
among the students I worked with at my regular school. This name was
popular among Palestinian students, but not known to students from the

Arabian Peninsula. This was a great revelation to me.

Logical reasoning: problem 7 of set 2

e When comparing the percentage of students who received either a ‘O’ or ‘1’,
Problem 7 of set 2 proved to be the most difficult of the four “logical
reasoning” problems — more so in the Arabic version than the English. A
source of difficulty and confusion in this problem was the use of positional
terms “right” and “left”. Of those students who attempted to solve this
problem: 22 out of 38 (59%) students in the English version and 11 out of
41 (27%) students in the Arabic version made a mistake in interpreting this
particular sentence, “The apple trees are to the right of the cherry trees, and
the plum trees are to the left.”

e An error that was exclusive to the Arabic version, was that students who
attempted to solve this problem by totally ignoring the pear trees in their
solution. Of the students who incorrectly solved this problem in the Arabic
version, 20 out of 41 (49%) presented apples, cherry and plum trees in their

answer with no mention or reference to the pear trees, compared to only 4
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out of 38 (11%) of the students in the English version. I found out from my
contact in the school administration that the pear in particular had a
different name in the spoken Arabic dialect for those who are originally from
the Arabian Peninsula, and unless one is literate in the formal written
Arabic language, the students might not be familiar with the formal label.
The result was that some of them chose to ignore the statement: “The apple
trees are the closest trees to the pear trees.” The exact wording of the
Arabic sentence was: “The closest trees to the pear are the apple”. So the
wording did not explicitly clarify that pear was a type of fruit trees, as was
evident in the English version. One student in the Arabic version even
mistakenly included Mazen, which is the Arabic name used for Michael, to
be another type of the fruit trees and placed him between the cherry and the

plum trees.

Logical reasoning: problem 1 of set 2:

The success rate in solving problem 1 of set 2 was almost double (62:33) for
the English version compared to the Arabic. For the Arabic version, the
failure rate was almost five fold (41:8). A reason for this might be that
“saff’, the Arabic word for “line”, also means “a classroom”. So, the image of
having a vertical line may not have been clear to some of the students. In
particular, the sentence: “Lara stood between Sarah and Ron” took on a
horizontal arrangement, rather than a vertical one. In fact 6 out of 28 (21%)

students who have attempted to solve this problem in Arabic conveyed some
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kind of horizontal placement of the students waiting for the bus. Out of the
six, one student used the word “beside” and two used “to the right of” to
describe the position of Samar (Samantha) compared to Rani (Ron). The
other two students placed the five students in the problem at three different
levels. They made it a point to place Sarah directly behind Nada (Nicole)
because of the statement: “Sarah stood behind Nicole”. The following
diagram illustrate the solution of these two students:

(FRONT)

The last student described Samar’s position as “behind Lara, Sara, and Rani”,

which again indicates placing these three at a certain level and then putting

Samar behind them.

Another source of confusion which was expressed in both language versions
is that Samantha was not explicitly mentioned in the body of the word
problem and the first time students knew of her existence was when the
question “Where does Samantha stand in line?” was asked. In the English
version, one student writes “They don’t mention Samantha at all. So I think
this is a trick question.” Another writes: “There’s no Samantha in the line.
Why would you write that? It doesn’t make sense. Sorry”. And another
writes: “Not enough information.” In the Arabic version, roughly translating

the remarks, one student writes: “There is a typo. The name Samar (the

125



Arabic name used for Samantha) is not found”. Another writes: “Samar is
not present” and a third complains about “not enough information”.
Interesting to note that all of the students who complained, with the
exception of one, were able to successfully place the first four students in

the right order.

Discussion of Category 2 Problems: “X Times as Many”
Table 22 Total Percentage of Students Who Received Either a Score of 0/1
(Failure), or 3/4 (Success) on Each Word Problem in the “Twice/Three/ Four

Times As” Category Based on the Results from Table 19.

SET 1 (%) SET 2 (%)
Word | ENGLISH ARABIC Word ENGLISH ARABIC
CATEGORY Prob Prob
1013401 )| 34 "1011| 34|01 | 34
2. “twice as” 1 13 | 85 51 42 2 20 72 62 28
2. “four/three times 9 68 | 29 73 22 6 37 57 63 29

As seen from Table 22, the majority of students (85% and 72%,
respectively) solved these exercises successfully in the English version, but only
42% and 28% did so in the Arabic version. The majority of students were
unsuccessful in solving problem 9 of set 1 in either languages: English (68%);
Arabic (73%). As for problem 6 of set 2, the success rate for students who
solved it in English was double those who solved it in Arabic (57% to 29%).
Similarly, the failure rate for students who solved problem 6 of set 2 in Arabic

was almost double those who solved it in English (63% to 37%).
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Table 23 shows the two word problems that fall under “X Times as Many”

category from each set.

Table 23 “X Times as Many” Word Problems

CATEGORY 2: “TWICE” OR “THREE/FOUR TIMES” AS MANY

SET 1

SET 2

1. The Browns drove a total of
140 mi on Monday. They drove
twice as far on Tuesday as they
did on Monday. How many miles

did they drive on both days?

2. Freddie collected 45 stamps in
the month of April, and twice as
many in May. How many stamps
in all did he collect in both

months?

9. There were 412 men on a
train. There were four times as
many men as women. How many

women were on the train?

6. A large car consumes 3 times
the amount of gas a small car
does per year. Mr. Smith used up
2700 Liters of gas by driving the
large car. How much gas would
he have used by driving the small

car instead?

Characteristics of Students’ Processing of problems:

Twice as many: problem 1 of set 1 and problem 2 of set 2

Problem 1 of set 1 and problem 2 of set 2 are almost a replica of each other.
For problem 1 of set 1, students presented either 140+140=280 or
140%x2=280 as the solution. For problem 2 of set 2, students presented the

partial solution of either 45+45=90 or 45x2=90. It appears that a common
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mistake was for students to neglect answering the questions for finding the
total amount for both days/months. This mistake occurred in 47 out of 67
(70%) of students’ solution in the English version and 40 out of 94 (43%) of
students’ solution in the Arabic version. Still, the gap between the success
rate of students who solved either of these exercises in the English version
than the Arabic version exceeds 40%.

Interestingly, in the English version only, 3 out of 13 (23%) students who
attempted to solve problem 2 of set 2 added 2 to 45 to get the “twice”,
instead of multiplying by 2. The same mistake did not occur in any of
students’ solution of problem 1 of set 1. Even though these were not ESL
students, they might not have been as proficient in English and were
influenced by the similarity of the word “twice” to the number “two”, hence,
thinking that adding two took care of “twice”.

On the other hand, in the Arabic version only, some students interpreted
“twice” to mean dividing by two instead of multiply by two. This mistake
was made by 6 out of the 29 (21%) students who received a ‘1’ on problem 1
of set 1, and 2 out of the 34 (6%) students who received a ‘1’ on problem 2 of
set 2. The term “twice” in Arabic is “de’f” which is similar to the Arabic word
“da’eef” which means, weak. Students who are not proficient in the Arabic
language might mistakenly assumed that they need to divide by 2 to get a
smaller number. Then again, it might be a conceptual mistake of

interpreting which number is twice the other.
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Four/three times as many: problem 9 of set 1 and problem 6 of set 2

As indicated by Table 22, the majority of the students were unsuccessful in
solving either language version of problem 9 of set 1. Students performed
better on problem 6 of set 2 than they did on problem 9 of set 1 in both
languages. In the English version, the success rate improved from 29% in
problem 9 of set 1 to 57% in problem 6 of set 2. In the Arabic version, the
success rate improved slightly from 22% in problem9 of setl to 29% in
problem6 of set 2. One would think that the wording of this particular
problem would help students figure out that the large car would naturally
consume more than the small car and hence they need to divide to get a
smaller number for the smaller car. It seemed this factor had more positive
impact on students’ performance in the English version than the Arabic
version.

A common mistake in both problems is that students multiplied by 4
instead of divided by 4 to figure out the number of women on the train in
problem 9 of set 1, and multiplied by 3 instead of divided by 3 to figure out
how much gas was used by the small car in problem 6 of set 2. What is
interesting is that this mistake was more common in the English version
than in the Arabic version. 43 out of 70 (61%) of the students who
attempted to solve the English version made this mistake; where as, only 22
out of 82 (27%) of the students who attempted to solve the Arabic version
made the same mistake. This is expected since the wording in the Arabic

language is less ambiguous than the English language. For example, “there
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were four times as many men as women” is stated in Arabic literally as: “the
number of men was four times the number of women”. There was no way to
express this sentence in the Arabic language at the same level of difficulty
as in the English language.

There was some evidence of guessing or confusion in the students’ solution
where they either added or subtracted the 4 in problem 9 of set 1 or the 3 in
problem 6 of set 2 to find the answer. and problem 6 of set 2. This mistake
was made by 8 out of 70 (11%) students in the English version and 23 out
of 82 (28%) students in the Arabic version of both problems.

One student solving the English version of problem 6 of set 2 complained
that: “we don’t know how gas works. What are liters, anyway?” , and left

the problem without solving it.

Discussion of Category 3 Problems: “Fewer Than”

Table 24  Total Percentage of Students Who Received Either a Score Of 0/1

(Failure), or 3/4 (Success) on Each Word Problem in the “Fewer Than” Category

Based on the Results from Table 19.

SET 1 (%) SET 2 (%)
Word | ENGLISH ARABIC Word ENGLISH ARABIC
CATEGORY Prob Prob
1013401 )| 34 1011|3401 | 34
3. “fewer than” 5 25 | 67 47 40 5 31 63 48 44
3. “fewer than” 10 33 | 66 87 12 9 26 60 70 18
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Students performed similarly on problem S of set 1 and problem. S of set
2. The success rate of English to Arabic in both exercises was roughly 65:40.
The failure rate was also similar from set 1 to set 2 for each language version:
the English was 25% to 31% and the Arabic was 47% to 48%. As for problem
10 of set 1 and problem 9 of set 2, the gap between students’ performance in
the English version and the Arabic version was 54% and 42%, respectively.
The success rate of English to Arabic in problem 10 of set 1 was 66:12 and in
problem 9 of set 2 was 60:18. On the other hand the failure rate of English to
Arabic in problem 10 of set 1 was 33:87 and in problem 9 of set 2 was 26:70.
The verwhelming majority of students (82%) who did the Arabic version of these

two exercises were unsuccessful while less than 33% failed the English version.

Table 25 shows the two word problems that fall under “fewer than” category

from each set.

Table 25 “Fewer Than” Word Problems

CATEGORY 3: “FEWER THAN”

SET 1

SET 2

5. At basketball practice, Justin
scored 36 points. Brad scored 41
points. Kevin scored 10 fewer
points than Justin and Brad
combined. How many points did

Kevin score?

5. There were 46 women and 35
men attending a wedding. The
number of children attending the
same wedding was 15 fewer than
the number of men and women

combined. How many children

were attending this wedding?
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Table 25 (Continued)

CATEGORY 3: “FEWER THAN”

SET 1 SET 2
10. Lisa has 11 quarters. She 9. Mary has 15 white marbles.
has twice as many dimes as She has twice as many blue

quarters, and 5 fewer nickels than | marbles as white marbles, and 7
dimes. She has the same number | fewer red marbles than blue

of pennies as the other coins marbles. How many red marbles
combined. How many of each does she have?

coin does Lisa have?

Characteristics of Students’ Processing of problems:

Fewer than: problem 5 of set 1 and problem 5 of set 2

The first common mistake that appeared in both problem S of set 1 and
problem 5 of set 2 was misinterpreting the “fewer” concept. After correctly
finding the combined number of points/adults, the student added instead of
subtracted to find the final answer. This mistake was made by 11 out of 41
(27%) students in the English version and 16 out of 62 (26%) students in
the Arabic version.

The second type of mistake common to both problem 5 of set 1 and problem
5 of set 2 was not processing the idea of “combined”. In problem 5 of set 1,
students subtracted 10 from either Justin’s or Kevin’s score withouth
adding their scores first. In problem 5 of set 2, students subtracted 15 from

either the number of men or women without first adding them up. This
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mistake was made by 6 out of 41 (15%) students in the English version and
5 out of 62 (8%) students in the Arabic version.

The third type of mistake common to both problem 5 of set 1 and problem 5
of set 2 was to take away 10 from the points scored by each of Justin and
Kevin or to take 15 fewer from the number of each group of men and
women, and then adding the two differences up. This mistake was made by
only 1 student in the English version of problem 5 of set 1 and 5 out of 62
(8%) students in the Arabic version of both problems.

The final mistake that appeared only in the Arabic version of both problems
was to present the answer to problem S of set 1 to be 10 and the answer to
problem 5 of set 2 to be 15. This mistake was made by 10 out of 62 (16%)
students in both problems. This shortcoming might reflect the lack of

comprehension of the student to either problem.

Fewer than: problem 10 of set 1

The high failure rate (87%) of students solving problem 10 of set 1 might
partly be explained by the language factor. Unlike English, Arabic has no
special name for a quarter, dime, nickel, or penny. So to refer to the
different kind of coins, words describing the value of the coin had to be
used. The problem in Arabic was:

o s €Y 50 a3y S L ML 5B ) gl e e Y 53 o) (e el 11 5L 53
AR L) A e e i a5 ol (e ene M 500 ) e BT 5 Ml AN
€0 i e Akl il ye (K B2 S
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The words in quotation refer to the value of the coin which translates to
“quarter dollar”, “ten cents”, “five cents”, or “one cent”. Then the students
needed to keep track of how many of each type they had; so they started with
11 pieces of “quarter dollar”, then they had to process the idea of double that
number, and so on. So, there are multi-level of complexity and a high risk for
confusing the value of the coin with the number of pieces of each coin. In fact,
half of the 87% of students who failed to solve this problem did not attempt to
solve the problem and received a O on the rubric. This partly reflects that
students were not able to move beyond reading the word problem.

e 9 out of the 39 (23%) who attempted to solve the problem in Arabic just
added or subtracted the two numerals found in the problem, namely ‘11’
and ‘S’, versus 6 out of 16 (38%) did the same in the English version.

e A mistake that appeared in both the English and Arabic version is students
summing the total number of coins that Lisa had, even though the question
asked “how many of each coin does Lisa have?”. This minor mistake was
made by 3 out of 48 (6%) of the students who attempted to solve the
problem in the Arabic version, and 6 out of 26 (23%) in the English version.

e 13 out of 48 (27%) students who attempted to solve the Arabic version and 5
out of 26 (19%) of the English version confused the amount of money with
the number of coins in some part of their solution. For example, one
student solving the English version presented his/her answer to be:11
quarters, 220 dimes (value of 22 dimes), 85 nickels (value of 17 nickels),

and 316 pennies (which he got from adding 11+220+85+316). One student
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solving the English version and another solving the Arabic version,
presented the number of coins correctly for quarters, dimes and nickels, but
when it came to the pennies, they evaluated the amount of money they had:
275 (=11 quarters)+220 (=22 dimes)+85(=17 nickels) = 580 pennies.
Another student solving the Arabic version figured the value of 11 quarters
($2.75), then doubled that amount (5.50 dimes), took away 5 nickels (5.25
nickles), added all up to get 13.50 for the pennies, and finally doubled that
to present the total amount of money: $27.00. This student made no

distinction between the number of coins versus their value.

Fewer than: problem 9 of set 2

The high failure rate (70%) of students solving problem 9 of set 2 in the
Arabic version might also be partly explained by the language factor.
Different people from different Arabic cultures/regions refer to marble by a
different name. Hence, even though this problem seems to be simpler than
problem 10 of set 1, the lack of knowledge of what is meant by 4 (singular
form of marble) and J<Y (plural form of marble) may have contributed to the
high failure rate.

A common mistake found in the Arabic version was processing “fewer” but
not “twice”. 13 out of 41 (32%) students presented 15-8=7 as their solution
in the Arabic version, whereas only 1 out of 22 (5%) made the same mistake

in the English version.
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¢ One student in the English version once again added 2 to 15 to get the

“twice”, instead of multiplyed it by 2. This student presented the solution

as: 15 white, 17 blue, 10 red.

¢ One student in the Arabic version once again interpreted “twice” to mean

dividing by 2 instead of multiplying by two. This student presented the

solution as: 15 white, 7.5 blue, .5 red. The fact that 7.5 seemed a

reasonable number for marbles confirms that this particular student is

unfamiliar with the literal meaning of i,

Discussion of Category 4 Problems: “Think Backwards”

Table 26 Total Percentage of Students Who Received Either a Score Of 0/1
(Failure), or 3/4 (Success) on Each Word Problem in the “Think Backwards”

Category Based on the Results from Table 19.

SET 1 (%) SET 2 (%)
Word | ENGLISH ARABIC Word ENGLISH ARABIC
CATEGORY Prob Prob
10113401 )| 34 "1 01|34 |01 ]| 34
4. “think backwards” 54 | 42 72 17 3 64 30 76 14
4. “think backwards” 4 20 | 74 41 53 8 19 77 48 49

Problem 7 of set 1 and problem 3 of set 2 are very similar in structure

and content. These two problems seemed to had been more challenging for

students in general, but especially for those solving the Arabic version. This is

reflected in the very low success rate of students solving these problems in the

Arabic version (17% and 14% respectively). The success rate of students

13
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solving the English version of these problems are almost double (42% and 30%,
respectively), but still below 50%. Likewise, problem 4 of set 1 and problem 8
of set 2 are very similar in structure and content. In both of these problems,
the rate of success of the English version to the Arabic version is almost
identical for problem 4 of set 1 (74:53) and problem 8 of set 2 (77:49). Also,
within the Arabic version, the rate of students who received a ‘3’ or 4’ to those
who received a ‘O’ or ‘1’ was similar in each problem (53:41 and 49:48,
respectively). Among the problems in the Arabic version, the success rate was

the highest for problem 4 of set 1 and problem 8 of set 2.

Table 27 shows the two word problems that fall under “think backwards”

category from each set.

Table 27 “Think Backwards” Word Problems

CATEGORY 4: “THINK BACKWARDS”

SET 1 SET 2

7. John thought of a number, 3. Omar thought of a number, he
then subtracted 35 from it, then then subtracted 25 from it,
multiplied the difference by 3, multiplied the difference by 5,
then added 60 to the product, and | added 50 to the product and got
got 180. What was the number 225. What was the number Omar
John thought of? thought of?
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Table 27 (Continued)

CATEGORY 4: “THINK BACKWARDS”

SET 1 SET 2

4. Charity spent $3.26 for book 8. Mira spent $15.60 for books,
covers, $12.42 for a short story and $9.38 for pencils and $3.12
for sweets. She returned home
book, and $2.65 for glue. She with $6.50. How much money did

returned home with $8.23. How Mira have before going shopping?
much money did she have before

going shopping?

Characteristics of Students’ Processing of problems:

Think backwards: problem 7 of set 1 and problem 3 of set 2:

“It is too confusing” and “not at our level” was a couple of remarks given by
students from the English version about the difficulty level of both
problems, which might explain the high level of failure in these problems.
A common mistake appearing in both language versions was to arbitrarily
add and/or subtract some or all the numbers mentioned in the problem.
This mistake was made by 9 out of 74 (12%) students in the English version
and 21 out of 107 (20%) students in the Arabic version.

Some mistakes are worth mentioning but without the percentages since
they appeared in 4 or less individual solutions in either language version.
One was to run the series of operations in the problem on the last number

mentioned in the problem: “180-35X3+60” for problem 7 of set 1, and “225-
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25X 5+50” in problem 3 of set 2. Another was to run the series of
operations on the first number mentioned in the problem: “35X3+60” for
problem 7 of set 1, and “25X5+50” in problem 3 of set 2. Another was to
calculate the operations out of order or to flip flop between correctly
reversing the operation or incorrectly running the exact operation
mentioned in the problem.

A particular mistake that appeared in only 3 out of 53 (6%) in the Arabic
version of problem 7 of set 1, was to interpret “subtracted 35 from it” to

mean division.

Think backwards: problem 4 of set 1 and problem 8 of set 2

As indicated in Table 26, the success rate was high for both problems in the

English and Arabic versions. What was interesting is that patterns in

student solutions emerged in both versions.

1. Students added the three things purchased along with the amount of
money Charity/Mira had before she went shopping in the same step. It
seems as if no conceptual distinction was made between the money
spent and the money left. This method was used by 59 out of 117 (50%)
students in the English version and 59 out of 95 (62%) students in the
Arabic version.

2. Students added the three things purchased first, then added to the sum
the amount of money Charity/Mira had before she went shopping. It

seems as if some kind of conceptual distinction was made between the
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money spent and the money left. This method was used by 44 out of 117
(38%) students in the English version and 21 out of 95 (22%) students in
the Arabic version.

3. Students added each item separately. This method was used by 12 out
of 117 (10%) students in the English version and 11 out of 95 (12%)
students in the Arabic version.

The most common mistake in both problems was to not add the money left

with Charity/Lisa to the total amount of money spent to figure out how

much she had before going shopping. This mistake was made by 17 out of

28 (61%) students in the English version and 10 out of 47 (21%) students in

the Arabic version.

For problem 4 of set 1, one student solving the English version added only

the value of the three things purchased, got $18.33, and decided that

Charity must have had $20.00. For that student, it seemed that it was

more probable to have a $20.00 bill than to have the exact amount of

$18.33. Even though the answer was incorrect, however the student’s
thinking of the realistic or practical implication of the answer is very

interesting.
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Discussion of Category 5 Problems: “Multi-step Problem”

Table 28 Total Percentage of Students Who Received Either a Score Of 0/1

(Failure), or 3/4 (Success) on Each Word Problem in the “Multi-Step Problem”

Category Based on the Results from Table 19.

SET 1 (%) SET 2 (%)
Word | ENGLISH ARABIC Word ENGLISH ARABIC
CATEGORY Prob Prob
1013401 )| 34 "1 01| 34|01 | 34
5. Multi-step problem 3 60 | 39 | 73 22 4 49 18 i/ 5
5. Multi-step problem 6 64 | 36 | 87 11 10 // 20 87 10

The success rate of students solving problems 3 and 6 of set 1 and

problems 4 and 10 of set 2 was among the lowest in the English and the Arahic

versions. This shows, as expected, that this type of problems seems to be most

challenging and difficult to students, regardless of the language. Still, the

success rate of students solving the English version to those solving the Arabic

version is almost double for problem 3 of set 1 (39:22) and problem 10 of set 2

(20:10), and more than triple for problem 6 of set 1 (36:11) and problem 4 of

set 2 (18:5). The percent of students who received a ‘O’ or ‘1’ on these four

problems ranges from 49% to 77% in the English version and 73% to 87% in

the Arabic version.

Table 29 shows the two word problems that fall under the “multi-step problem”

category from each set.
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Table 29 “Multi-Step Problem” Word Problems

CATEGORY 5: MULTI-STEP PROBLEM

SET 1

SET 2

3. Mr. Michael earns $6 for each
hour of work, and double that for
each additional hour that exceeds
40 hours per week. He worked a
total of 42 hours. Mr. Smith earns
$8 for each hour of work. He
worked for 35 hours. Who will get

paid more? By how much?

4. Mr. John wants to rent a car to
go on a trip. The cost is $35 per
day as long as the mileage does
not exceed 100 km, otherwise he
has to pay $5 for each extra km.
Another option is to pay $60 for
each day. Which option is the
best, if the trip is going to last 3
days and the total distance will be

150 km?

6. Mrs. Price’s long distance
phone calls usually last an
average of 18 minutes. The long
distance company offered her two
plans:

Plan A: the first three minutes
cost $2.25 and $0.30 for each
additional minute;

Plan B: flat rate of $0.50 per
minute. Which plan is cheaper?

By how much?

10. William pays $35 a month for
400 minutes of cell phone use and
$0.40 for each extra minute. His
friend Andrew pays $0.20 per
minute for cell phone usage. If
each used a total of 500 minutes
in one month, who would pay

more? By how much?
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Characteristics of Students’ Processing of problems:

Multi-step problem: problem 3 of set 1 and problem 4 of set 2

e Students did relatively better on problem 3 of set 1 than on problem 4 of set
2 in the English version (39:18) and in the Arabic version (22:5). In both
language versions, most students who attempted to solve problem 3 of set 1
did not account for the 2 hours overtime in their solution. Their solution
was: 42x6=$252 for Mr. Michael, and 35x8=$280 for Mr. Smith. The few
students who attempted to solve problem 4 of set 2 also did not account for
the 50 km extra driven. Their solution was: 3x35=$105 for first option, and
3x60=180 for the second option. This oversight was made by 20 out of 89
(22%) students in the English version, and 25 out of 111 (23%) students in
the Arabic version for both problems. Only 14 out of 89 (16%) students in
the English version and 7 out of 111 (6%) students in the Arabic version
accounted for the 2 hours overtime in problem 3 of set 1 and for the extra
50 km in problem 4 of set 2 in their solution of either problem.

e For problem 3 of set 1, some students totally ignored the 2 hours overtime
and presented their solution for Mr. Michael to be: 40x6=$240, and for Mr.
Smith to be as above: 35x8=$280. This mistake was made by 7 out of 53
(13%) students in the English version and 8 out of 67 (12%) students in the
Arabic version.

e For problem 4 of set 2, some students chose to multiply $5, the fee for each

km beyond the 100km limit, by the total distance driven, 150. This
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mistake was made by 3 out of 36 (8%) students in the English version, and
3 out of 44 (7%) students in the Arabic version.

For problem 4 of set 2, the only part of the problem that some students were
able to solve correctly was to calculate the cost of the second option:
3x60=180. This was done by 7 out of 36 (19%) students in the English
version and 4 out of 44 (9%) students in the Arabic version.

For problem 4 of set 2, three students in the English version decided on
which option was best through personal preference and not through any
mathematical calculation. Two students chose the $60 per day option
because “it will be easier to pay” and “it is not complicated”. The third
student also picked the $60 per day option because “you don’t pay for extra

»

km”.

Multi-step problem: problem 6 of set 1 and problem 10 of set 2

A common mistake to both problems was students evaluating the additional
15 minutes without adding the cost of the first three minutes ($2.25) for
problem 6 of set 1, and students evaluating the cost of the minutes that
exceed the 400 minutes limit without adding the monthly charge ($35) for
problem 10 of set 2. This mistake was made by 9 out of 120 (8%) students
in the English version and 4 out of 107 (4%) students in the Arabic version.
More students were able to only solve the second part of both problems due
to lack of complexity. These students were able to correctly calculate the

cost of plan B for problem 6 of set 1 ($0.50x18=$9.00) and the amount of
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money Andrew pays for his cell phone usage ($0.20x500=$100). A total of

20 out of 120 (17%) students in the English version and 13 out of 107 (12%)

students in the Arabic version solved the second part of either problem.

For problem 6 of set 1, some students misinterpreted “the first three

minutes cost $2.25” to mean that $2.25 for each of the first three minutes,

and hence multiplied $2.25 by 3 to get the cost of the first three minutes.

This mistake was made by 14 out of 64 (22%) students in the English

version and 6 out of 60 (10%) students in the Arabic version.

General Remarks About Students’ Processing of the Problems:

Some students solving the Arabic version wrote a translation of some
terms or sections of the problems in English.

A student given the Arabic version complained that “this Arabic writing is
not the same type of Arabic we learn in our school”. If I understand this
statement properly, it seems that the student reads Arabic in a literature
setting rather than a technical setting for mathematical word problems.
Some students wrote their answers in the Arabic version using English
sentences. Some students tried awkwardly to put their answers using
the Arabic wording. Others used well written Arabic statements that
reflected their proficiency in the Arabic language.

Some students tried to use the Arabic numerals to present their answer,
but ended up writing the number in the reverse direction. For example,

if the answer is 45, the student wrote (¢ ¢) which is equivalent to 54.
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Summary of Qualitative Results

Some common differences and similarities in the problem solving
processes of Arab-American students became apparent within the two language
versions. Mistakes in deciphering statements with double comparison
occurred in similar frequencies in both language versions. Students
complained about hidden information within a logical word problem in both
language versions. Students’ failure to answer all parts of the problem
appeared in several problems in both language versions. Students had the
lowest success rate for multi-step problems regardless of the language version.
On the other hand, the students had the highest success rate for solving one of
the two “think backwards” problems in both sets 1 and 2, where they had to
figure how much money did Charity/Mira have before going shopping.
Students solving the Arabic version struggled with the other “think backwards”
problem within both sets 1 and 2, more evidently than their English
counterparts. One mistake that appeared less frequently in the Arabic version
than in the English version was interpreting “four times as many”. Closer
analysis showed that expressing this relationship in Arabic proved to be less
ambiguous than in English, where the wording matched the mathematical
interpretation. The problem of figuring the number of each type of coin proved
to be problematic for students solving the Arabic version, since there was no
special label to refer to each type of coin as there is in English. Difficult
vocabulary in both language versions contributed to some student mistakes.

Students made mistakes interpreting mathematical words such as “fewer” and
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“twice” in both language versions. Other vocabulary words that proved to be
problematic to students solving the Arabic version were the name “Wadi”, the

“pear” fruit, and the Arabic word for “marble” and “line”.

Conclusion
Both quantitative and qualitative aspects of this research provided a
global understanding of Arab-American students’ performance on word
problems in both languages and the specific areas for support needed,

respectively.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

Introduction

This study investigated the effect of the language of the problem on the
performance of students who are bilingual in English and Arabic. This study
aimed to address the lack of research available on the Arab-American student
population. This study adds to the existing body of research on bilinguals
through its attention to Arab-American students. This study used qualitative
and quantitative measures to assess their problem solving ability in both
languages. In addition, this study used SAT reading comprehension and
Arabic final average as quantitative measures of students’ comprehension level

in either language that were not stressed in other studies.

Purpose of the Study
The purpose of this study is to investigate the performance of Arab-
American students when solving mathematical word problems presented in
their home language (Arabic) or in their language of instruction (English). This
study also investigated the effect of students’ comprehension levels in the

Arabic and English languages on their mathematical problem solving abilities.

Research Questions and Findings

This study aimed to answer the following research questions:
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Does the language in which a mathematical word problem is stated
have an effect on the performance of the bilingual students?
Specifically, is there a difference in the performance of Arab-
American students when solving word problems in English compared
to solving word problems in Arabic? Null Hypothesis: There will be
no significant difference in the performance of Arab-American
students when solving word problems in English compared to solving
word problems in Arabic.

Do Arab-American students with higher levels of Arabic proficiency
perform better in either or both versions of the word problems? Null
Hypothesis: Arab-American students with higher levels of Arabic
proficiency will not perform better on the Arabic version of the word
problems than on the English version.

What are some common differences and similarities in the problem
solving processes of Arab-American students as they solve problems

in English or Arabic?

There were three covariates: SAT reading comprehension, SAT

mathematics problem solving, and Arabic final average. The results from the

quantitative analysis showed that SAT mathematics problem solving and

Arabic final average were the only two covariates significant in explaining

variance in student performance on set 1 and set 2. The results from different

statistical analysis confirmed that Arab-American students performed

significantly better on the English version of both set 1 and set 2 than on the
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Arabic version. Moreover, Arabic final average was a significant predictor of
student performance on the Arabic version of set 1 and set 2, while SAT
reading comprehension was a significant predictor of student performance on
the English version of set 1 and set 2. SAT mathematics problem solving was a
significant predictor of student performance on all except for the Arabic version
of set 1.

Some common differences and similarities in the problem solving
processes of Arab-American students became apparent within the two language
versions. Students had difficulties with deciphering statements with double
comparisons, dealing with hidden information within a word problem,
answering all parts of the problem, and working out multi-step problems
regardless of the language version. Students did better on deciphering “four
times as many” in the Arabic version than in the English version. Closer
analysis showed that expressing this relationship in Arabic proved to be less
ambiguous than in English, where the wording matched the mathematical
interpretation.

Difficult vocabulary contributed to some student mistakes in both
language versions. Students made mistakes interpreting mathematical words
such as “fewer” and “twice” in both language versions. Other vocabulary words
that proved to be problematic to students solving the Arabic version were the

name “Wadi”, the “pear” fruit, and the Arabic word for “marble” and “line”.
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Comparison to Other Studies

The results of this study supports the findings reported in Aiken (1972)
where the partial correlation between reading comprehension and problem
solving abilities was found to be higher for both English speaking fourth and
eighth graders than the partial correlation between computational ability and
problem solving ability, with the third factor partialed out in both correlations.
In this study, for groups taking the English version of the test, SAT reading
comprehension was moderately to highly correlated with student performance.
Moreover, SAT reading and mathematics were found to be highly correlated,
which means that the better a student is in reading comprehension, the better
he/she will perform on mathematics problem solving. On the other hand, it
makes sense that Arabic final average had a low correlation with either SAT
reading comprehension or SAT mathematics problem solving, because students
who perform well in the Arabic subject need not necessarily perform well on
either reading comprehension or problem solving.

This study found that Arab-American students performed significantly
better on the English version of the word problems than on the Arabic version.
Bernardo (2005) found that Filipino-English bilingual students tend to
understand word problems better in their more proficient language, hence, this
study may imply that the Arab-American students studying in the United
States were more proficient in the English language, which happens to be the
language of instruction. Unlike Bernardo (2005) and Adetula (1990), Arab-

American students did not perform better when problems were presented in
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their mother tongue. An explanation may be that unlike my study, their
student population resided in their home country where they had sufficient
support and reinforcement to be proficient in their mother tongue. In this
study, exposure to Arabic for Arab-American students was guaranteed only
through taking Arabic classes, which is usually once a day and some home
interaction which was usually conducted in the spoken, not the formal Arabic.
Several studies found a strong correlation between the level of students’
linguistic abilities and mathematics achievement (Adetula, 1990; Bernardo,
2002; Dawe, 1983; Cocking & Chipman, 1988; Earp & Tanner, 1980;
MacGregor & Price, 1999), and between reading comprehension and problem
solving (Mestre, 1988; Aiken, 1972; Knight & Hargis, 1977; Bernardo, 1999).
Knight and Hargis (1977) found that the source of difficulty for solving
mathematics word problems was sometimes comprehending the problem
rather than manipulating the numbers. Moreover, Morales, Shute and
Pellegrino (1985) found that the main contributor to errors in student solutions
was selection of inappropriate procedure rather than computational
deficiencies. My study supports these studies in that being proficient in the
language in which a word problem is written had a positive effect on students’
performance. SAT reading comprehension was a significant predictor of
students’ performance on the English version of the word problems, whereas
Arabic final average was a significant predictor of students’ performance on the

Arabic version of the word problems.
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According to Duran (1985), limited ability in the English language was a
major contributor to difficulties faced by students from non-English
backgrounds; however, it is not the only factor affecting their academic
functioning. In support of this, my study found that mathematics problem
solving abilities was a significant factor in explaining differences in students’
performance on both language versions of the word problems. In fact, SAT
mathematics problem solving was the most influential variable in predicting
student performance on the word problems, followed by the Arabic final
average.

Aiken (1972) points out that mathematics itself is a “specialized
language” and Adetula (1990) accentuates the fact that word problems denote
“a language within a language”. In support of this fact, a student in my study
wrote: “this Arabic writing is not the same type of Arabic we learn in our
school.” The student’s remark corroborates what is expressed by Aiken (1972)
and Adetula (1990). Comprehending the Arabic within a mathematical word
problem setting proved to be more challenging than learning Arabic in a literary
context.

A source of difficulty is what sociolinguists identify as the linguistic
distance in reference to the language differences in their semantics, or in
references to their function and status (Dawe, 1983). Unlike European
languages such as French and Spanish which share a common origin with the
English, the distance between English and Arabic is wide. Duran (1985, 1988)

reports on the challenges and advantages faced by the language learners as
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predetermined by the similarities and differences between the two language
systems. One main difference is that Arabic utilizes totally different alphabet
and numerals from English. Another main difference is that English is written
left to right, where as Arabic is written right to left. The direction alone poses a
source of difficulty for students as was shown in one aspect by switching the
order of writing the number 45 in Arabic as ‘54’

Many studies (Dawe, 1983; De Avila & Duncan, 1985; Bernardo, 2002)
reported that students’ difficulties and poor performance in problem solving are
more of a linguistic nature rather than intellectual or cognitive. Aiken (1972)
distinctively identified difficult vocabulary and syntax as impediments to
successful problem solving. Findings by this study with respect to analyzing
students’ solutions assert Aiken’s contention. Words that proved to be
problematic for some students in both the English and the Arabic versions
were ‘twice’ and fewer’. Spanos and his colleagues (1988) pointed out that
some students who are not keen on the English language might find
synonymous words or phrases that describe the same mathematical operations
to be problematic. For example, students might be more comfortable thinking
of ‘double’ than ‘twice’, or of less’ than ‘fewer’. Moreover, students might be
totally unfamiliar with that particular word in one of the two languages.
However, difficult vocabulary contributed to student errors, especially in the
Arabic version. ‘Pear’ and ‘marble’ were unfamiliar words for some students
that might have contributed to their faulty or lack of solutions. “Saff”, the

Arabic word for line, could also mean “a classroom” was ambiguous for some
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students to understand. Another word that proved to be problematic to some
students is the Arabic name Wadi. Even though it is popular practice by
educators and text book authors to insert special names for making a problem
culturally sensitive, this study showed that this may not be an easy task.
Indeed, even though the researcher is fluent in both languages, carefully
constructed the test to be analogous and culturally sensitive in both languages,
students still had a problem with some of the vocabulary. Names vary in
different segments of a given culture and that fact may be problematic for some
students in the sample. This study showed that it is important for a child that
all key parts of the problem are clear before venturing to solve the problem.

Research (Mestre, 1988) reports that students have difficulty
distinguishing between variables and labels in problems resembling what has
come to be known as the student-professor problem: “There are 6 times as
many students as professors at this university. Write an equation to express
this relation.” The difficulty of the problem lies with mapping mathematics
symbols to the word-order. Students in the present study made this mistake
when solving the problem “there were four times as many men as women” in
the English version; however, the mistake occurred less frequently in the
Arabic version. When stating the same statement in the Arabic language, there
was higher clarity in that language that facilitated better selection of the
mathematical operation demanded by the word problem.

Regardless of the language used, students made some mistake in

deciphering statements that involved double comparisons. Students were
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intimidated when some information was hidden within the problem, as with
problem 1 in set 2 where Samantha’s name was not revealed until the end of
the problem. In some cases, students failed to answer all parts of the problem.
For problem 1 in set 1 and problem 2 in set 2, the students calculated the
‘double’ but not the total miles driven on both days, or the total stamps
collected in both months. Moreover, students found multi-step problems in
which they had to compare between two phone call plans or two payment

options to be challenging regardless of the language.

Implication for Teaching
This study recommends the following for enhancing Arab-American students’
problem solving achievement:

1. In general, there need be little concern that mathematics tests given in
English may penalize the performance of Arab-American students who
speak Arabic at home. However, teachers need to be sensitive to those
students who are more fluent in the Arabic language than the English
language.

2. Use both English and Arabic to clarify problem statement and any
ambiguity.

3. Allow students to use the language they prefer to express the problem
solving process. The aim is to use both languages to support each other
in achieving conceptual understanding, and not have one language take

the place of the other.
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. Provide more experiences with multi-step problems and with problems
that require solving backwards.

. Provide more experience with mathematics vocabulary where an
operation can be expressed in different ways, e.g. ‘double’ vs. ‘twice’.

. Unless using names of students from a given class, verify that the names
inserted for making a problem on an exam culturally relevant is a
common name in that culture. Just because students may speak the
same language does not imply that students may share similar cultural
practices and/or dialect. This is an example of the difficulty that ESL
students have when taking tests in the language they are not familiar
with.

. Have students pay particular attention to answering the question by

rereading the problem.

Implication for Further Study

. This study should be replicated with a greater number of students to
increase reliability and validity.

. The difficulty level of this study’s verbal problems was higher than that of
Bernardo (2005) and Adetula (1990). It may well be that the results of a
similar study using the same difficulty level as Bernardo (2005) and
Adetula (1990) might produce similar results.

. A test on Arabic that more closely measures students’ Arabic

comprehension level would strengthen the results of this study.
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. This study examined students written responses to analyze their
thinking process. Future studies should have student interviewed or
think aloud to enhance the validity of the interpretation of the written
work.

. Since the reliability of the word problem sets has been established,
future studies may limit the student population to ESL (English as a
Second Language) and ASL (Arabic as a Second Language), and then
compare their problem solving abilities on both language versions.

. Reproduce this study with Arab-American students who are proficient in
both languages and compare their problem solving abilities with those of
monolingual students.

. Future studies should consider comparing the mathematics performance
of Arab-American girls to Arab-American boys in solving word problems
in both languages.

. The survey in Appendix G was created but not used in this study,
because the school forgot to distribute it. Further studies might include
it to research the correlation between the preferred language as identified
by the students, and their performance on the mathematics word
problems on either language.

. Replicate the Arab-American study for students in their native country.
Results might turn out to be similar to those of Bernardo (2005) and

Adetula (1990).
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Conclusion
No research on Arab-American abilities in solving mathematics word
problems was found. The lack of research on this particular student
population is disturbing and needs to be addressed. This study shows that
more research is needed to investigate ways to better prepare such students in
mathematics. As with many studies, the results will very likely provide useful
information for the general population students’ understanding in

mathematics.
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Appendix A: Principal Survey

THE UNIVERSITY of
NEW ORLEANS

Subject: LETTER OF INTRODUCTION & PRINCIPAL SURVEY

Assalamu Alaikum,

My name is Samar Sarmini. | am a doctoral student in Math Curriculum & Instruction at
the University of New Orleans, Louisiana, under the direction of Professor Yvelyne Germain-
McCarthy. The topic of my doctoral dissertation is studying the effects of language on the
students' ability to solve math word problems. My study focuses on bilingual students who speak
both English and Arabic and how their knowledge of more than one language might play a role
in their ability to successfully solve mathematics word problems. | am also interested in finding
out how the language that the word problem is written in affects how students process the
information and their solutions.

Since 2001, as an Arab Muslim, a lot of negativity has been channeled at our community
and our students. Lack of research for our particular culture is disheartening. As | research this
topic, very few studies, if any, have considered the Arabic student population. Most of the
available research has focused on the effect of language on minority groups’ problem solving
skills, mainly Hispanics. In my role as a math educator, | have chosen to focus my dissertation on
Arab students in hopes that my research can fill part of the gap present in the current literature
and ignite the interest of more researchers to listen to the voices of the Arabic students and be
able to better address their academic needs. | also hope to provide essential information to
better educate teachers in both Islamic and non-Islamic schools about the important role
language plays in students’ overall academic development and the need to use their culture and

language background to the students’ advantage.

Research Questions
1. How is the level of the student’s comprehension in the first (Arabic) and second (English)
languages related to performance in mathematical problem solving?
2. Does the language in which the word problem is stated have an effect on the

performance of the bilingual students?
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THE UNIVERSITY of
NEW ORLEANS

Procedures for this Research

Students in grades 5, 6, and 7 will be asked to participate in this study. Each student
participant will be asked to fill a short survey. Participating students will be given two sets of 10
word problems to solve, and each set will be solved on a separate day. The participating students
in grades 5, 6, and 7 will be randomly assigned to one of four groups: one group will solve both
sets of word problems in English, another group will solve both sets of word problems in Arabic,
and the other two groups will solve one set in English and one set in Arabic interchangeably.
Collecting the student data for this study will take approximately one mathematics class period
on two separate days, that may be on Thurs., Mar. 27 and the following Tues., Apr. 1 (if the
school agrees). This will conclude the student data collection for this study.
Permission to access students’ test scores

To better interpret the results of this study, your permission and the parents’ permission
will be asked to grant the researcher a copy of the participating student’s test scores on the
Stanford Exam on the Reading and Math Subjects, as well as scores on Arabic exams that

measures comprehension. These scores will be destroyed immediately upon the conclusion of

the study.

Protection of Confidentiality

All measures will be taken to protect the confidentiality of the participants. Information
from the tests and the survey will be coded by the principal investigator to protect anonymity.
All reports and future publications will report information in a format that will ensure concealing
the identity of all participants. All data will be securely stored in the office of the principal
investigator’s supervisor in the Education Building at the University of New Orlean:s.

Attached are a copy of the principal support letter and the principal survey that will
hopefully take no longer than 15-20 minutes of the principals’ valuable time to fill. 1 am
providing you with a sample form for the principal support letter. Please feel free to change/add
to it. By writing the principal letter of support and returning the surveys with the filled
responses, you would provide me with your solid support for this study. Your support is
crucially needed at your earliest convenience. May God bless you and provide you and your

school with continuous success.

172



THE UNIVERSITY of
NEW ORLEANS

PRINCIPAL LETTER OF SUPPORT
SCHOOL NAME/LETTER HEAD

Dear Mrs. Sarmini,

| have reviewed your doctoral study titled “Exploring the relationship between
the level of comprehension of bilingual students’ first and second languages and their
competence in solving word problems in both languages™ to occur at my school. |
appreciate your efforts to enhance the learning of Arab American students. | will provide
you with whatever support you need in terms of data, recruitment of teachers and

parents from my school.

Sincerely,

173



THE UNIVERSITY of
NEW ORLEANS

Please provide the following information with the assurance that all information therein will remain

confidential
1. Name of school:
2. Name of principal:
3. School Branch: O girls O boys
4., How many students are enrolled in each of the following grade levels for the current academic

10.

year?

® ® @

How many sections are in each of the following grade levels?

® ® @

Are there any honor classes? OYes ONo
If Yes, please bubble the grade levels that offer honor classes:

® ® @

Are there any bilingual courses offered to students? OYes ONo
a. Ifyes, please give a brief description:

Do students take any kind of standardized tests? OYes ONo
a. Ifyes, please list their names and specify the grade levels these tests are administered to:
Grades:

Grades:

Grades:

Grades:

Kindly specify the number of students enrolled at the different levels of Arabic classes offered for
each of the following grades. Also indicate whether the advanced Arabic section of that grade
level matches the Arabic level of that grade overseas.
Beginners Intermediate  Advanced Total No of Students Matches grade
level overseas

Grade 5: OYes ONo
Grade 6: OYes ONo
Grade 7: OYes ONo

Thank you for your time, effort and thought in completing this survey.
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Appendix B: Teacher Letter of Support

THE UNIVERSITY of
NEW ORLEANS
Dear Math Teachers,

Assalamu Alaikum,

My name is Samar Sarmini. | am a doctoral student in Math Curriculum &
Instruction at the University of New Orleans, Louisiana. Thank you for taking the time to
read this. The purpose of this study is to understand whether the language in which the
word problem is presented in has an effect on the performance of bilingual Arab
American students and whether these students’ proficiency in their first language is
related to their performance in solving mathematical word problems. Due to the limited
research done on this particular population, the information gathered in this study will
be used to encourage further research to better understand the academic needs of Arab
American students and how their bilingualism can be utilized to enrich and support their
classroom learning experience.

All measures will be taken to protect the confidentiality of the participants.
Information from the tests and the survey will be coded by the principal investigator to
protect anonymity. All reports and future publications will report information in a
format that will ensure concealing the identity of all participants. All data will be
securely stored in the office of the principal investigator’s office in the Education Building
at the University of New Orleans.

Your cooperation and support is extremely essential for the success of this project.
You will be given Parent’s Consent Form and Student’s Letter of Assent in envelopes to
be kindly passed out to each student in your classroom. Students are to be reminded to
read, fill and return the envelopes the next day to be collected by you.

I will be present at the time of data collection, God willing. Each student
participant will be asked to fill a short survey that will take no longer than 15 minutes.
The students will be divided into one of four groups. Each student will be given two sets
of 10 word problems each to solve on two separate days. Depending on which group

the student is assigned to, students will either solve both sets in Arabic, in English, or one
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set in Arabic and the other in English. This will conclude the data collection for this
study.

Since participation in this study is voluntary, some students might refuse to
participate. To keep these students busy, they will be given alternate set of math word
problems to solve. The solution to the word problems assigned to children not wishing
to participate in the study will be automatically destroyed. The study is expected to take
up approximately one class period on two separate days, depending on the time students
spend on solving the word problem:s.

Your patience and understanding are greatly appreciated.

L1 1 agree to support the administration of this study in my classroom.

L] 1 do not agree to support the administration of this study in my classroom.

_/_ /07
Signature of Teacher Name of Teacher (print) Date
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Appendix C1: Parental Letter of Consent for Minors — English Version

THE UNIVERSITY of
NEW ORLEANS

To the parents of 5%, 6th, & 7t grade students:
Assalamu alaikum,

My name is Samar Sarmini. | am a graduate student under the direction of Professor
Yvelyne Germain-McCarthy in the Curriculum & Instruction division of the Department of
Education at the University of New Orleans. | am conducting a research study to understand
whether the language in which a word problem is presented has an effect on the performance of
bilingual Arab American students and how this is related to the student’s level of comprehension
in the Arabic language.

I am requesting your child’s participation, which will involve students filling a short
survey, and solving a set of 20 mathematical word problems, which may be in Arabic or in
English. | am also requesting access to your child’s standardized test scores for the English and
Arabic subjects, and Mathematics. Two class periods will be designated to allow students to
finish the above data requirements. The study will be conducted in the mathematics class for a
period of approximately two hours. The math teachers will be collecting the parental and
student consent forms from their students to give later to the researcher.

Your child’s participation in this study is voluntary, but very necessary to the success of
this project. If you choose not to have your child participates or to withdraw your child from
the study at any time, there will be no penalty and it will not affect you child’s math grade.
Your child will be given opportunity to accept or decline participation in the study. If your child
chooses not to participate or to withdraw from the study at any time, there will be no penalty.
The results of the research study may be published, but your child’s name will not be used.

Although there may be no direct benefit to your child, as a token of appreciation,
students will be offered a sweet treat (chocolate bar) at the end of the study to express
researcher’s gratitude for participants and non-participants alike along with their mathematics
teacher/s for putting the time and effort to allow this study to become a reality. More
importantly, your child’s participation will provide invaluable data that will help educators to
better address the needs of the Arab American students in the current school system and be able

to utilize their bilingualism to enrich and support their classroom learning experience.
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THE UNIVERSITY of
NEW ORLEANS

The risks associated with participating are minimal and include experiencing low levels of
anxiety associated with solving math word problems. These risks are not greater than those
ordinarily encountered in regular mathematics class period.

All measures will be taken to protect the confidentiality of the participants. Information
from the tests and the survey will be coded by the principal investigator to protect anonymity.
All reports and future publications will report information in a format that will ensure concealing
the identity of all participants. All data will be securely stored in the office of the principal
investigator’s office in the Education Building at the University of New Orleans.

If you have any questions concerning the research study or your child’s participation in
this study, please call Dr. Richard Speaker at (504)280-6605.

If you have any questions about your rights or your child’s rights as a participant in this
research, or if you feel you or your child have been placed at risk, you can contact Dr. Richard

Speaker at the University of New Orleans at (504)280-6605.

Yours truly,

i

Samar Sarmini
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THE UNIVERSITY of
NEW ORLEANS

| am the parent of in 5th, 6th, 7th (circle one) grade.

L Yes, | allow my child to participate in this study.

[0 No, I do not allow my child to participate in this study.

L] Yes, | allow access to my child’s standardized test scores for English, Arabic, & math.

[0 No, | do not allow access to my child’s standardized test scores for English, Arabic, &

math.
L1 Yes, | allow my child to enjoy a sweet treat at the end of the study.
[J No, | do not allow my child to enjoy a sweet treat at the end of the study.

If your child will participate, please have him/her complete the student consent form.

_/_ /07
- AR Name of Parent (print) Date
e
Samar Sarmini
__/__ /07
Signature of Investigator Name of Investigator (print) Date

=

THANK YOU FOR SUPPORTING THE EDUCATION OF THE R

ARAB STUDENTS
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Appendix C2: Parental Letter of Consent for Minors — Arabic Version

THE UNIVERSITY of
NEW ORLEANS
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THE UNIVERSITY of
NEW ORLEANS

Aeadlill bl et b gl (i pall ae o ABiD e cld cila glaa [ gl aSaY o AS jliia ()
O oalal) agluan aoal (B agh e (e BalSAY) g DS 0¥ Gultall B (a9 9al) il
Jilosall U oLl a4y DUl ey o8 (Al 5 ggmal) (BN (mmy WIS oyl AS il 028 e iy
Aalall

oty Anl) Bl iy o il G (S el 4558 Aleal 45 sl el Y OS 3
e O LS 230 (I8 (e Bkl Cla slaall a gad o (hlia dpluall Gl da 5 & DainY|
Alaial) e glaall & s ¢S liall Asa 8 Cslaly (S Snall 138 Jgn UKy L)
b A8 gall (e 3al8Y) aSie Jol 1A iyl g Arala A alafl) S 8 48 ) c S b Al all 03y
Al pall o3 8 aSE/aSa) A8l e Lgade

Juaiy) slasll cundll 138 o geady @l jladin)) ge AL 1 bl a3l
. (504)280-6605 a8l e St o L, | sially

(el 5 5 S5 palla | b

181



THE UNIVERSITY of

NEW ORLEANS
Caall b Al /Ul yal g U
b\).ﬂ\ 0da ‘;3 :\.SJLIAXLJ ‘_;L\-\Y/‘s-\-\y cAui cr-uu I:'
Aol )l a8 AS HLaally Y/ Y el Y OIS ]
Ll ale (8 Y/ Y Bas sal) Al ciladlall o ¢ DY) Lalill mad cans ]
Hlad) 3ol s A pall 5 & Salasy)
& Y/ Y 3o gall dgan ) Cladadl e g3yl e dalll mand Y OS]
Jboal) 3ala 5 A yall g A plasy) dall) sala
a.m\‘).ﬂ\ 0l :LJ\.@_\ ‘_sﬁ L;Jl; (515 d)‘aaﬂ.d QMY/‘;U\J C.A.u:\ ceau D
A )l e Al A (s la e Jseanlly Y/ Y zedl YOS [T]
(G yall Ul 488 0 lla JLeS) e 28U gla Hl1 (A Ll 3 g oSl 5 (S 1)
2008/  /
W‘\’W
2008/ | o o
Ll Tl o Ball ¢ladl

182



Appendix D: Student Letter of Assent

THE UNIVERSITY of
NEW ORLEANS
Dear Student,

My name is Samar Sarmini. | am a graduate student under the direction of
Professor Yvelyne Germain-McCarthy in the Curriculum & Instruction division of the
Department of Education at the University of New Orleans. | am interested in learning
about how you solve math word problems in Arabic and English.

I will ask you to complete a short survey and solve some math word problem:s.
The whole process will take about two class periods. Your participation in this study is
voluntary. Please talk to your parents about participation. If you choose not to
participate or to withdraw from the study at any time, there will be no penalty and your
math grade will not be affected. However, if you choose to participate, you will
provide important input in discovering new knowledge that will help the Arab students
do better in school. You will also enjoy a sweat treat at the end of the study, with your
parent’s permission.

If the results of the research are to be published, your name will not be used so
you feel comfortable solving these word problems to the best of your ability.

If you have any questions concerning the research study, please call Dr. Speaker’s
at (504)280-6605.

If you do not wish to participate, you will be solving word problems assigned by

the teacher.

LI | have read the above information and agree to participate in this study.
LI | have read the above information and do not agree to participate in this study.

Student’s Name:

Student’s Signature:

© THANK YOU FOR YOUR SUPPORT ©
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Appendix E1: Set 1 Word Problems With Solutions — English Version

STUDENT: DATE: _ _/__ /08

Do your best to solve each of the problems. Please, show all of your
work. And, thank you again.
1. The Browns drove a total of 140 mi on Monday. They drove twice

as far on Tuesday as they did on Monday. How many miles did

they drive on both days?
Solution:
140%x2=280

280+140=420
They drove 420 miles on both days.

2. Four friends are measuring their heights. Sharon is shorter than
Jenny. Jenny is taller than Bobby but shorter than Sammy. Who is
the tallest?

Solution:
(Tallest) Sammy (= Wadi in the Arabic version)
Jenny

(Shortest) Sharon/Bobby

Sammy is the tallest
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3. Mr. Michael earns $6 for each hour of work, and double that for
each additional hour that exceeds 40 hours per week. He worked a
total of 42 hours. Mr. Smith earns $8 for each hour of work. He

worked for 35 hours. Who will get paid more? By how much?

Solution:

Mr. Michael: (6X40)+(2X12)=240+24=264
Mr. Smith: 8%x35=280

280-264=%$16
Mr. Smith will get paid more by $16.

4. Charity spent $3.26 for book covers, $12.42 for a short story book,
and $2.65 for glue. She returned home with $8.23. How much

money did she have before going shopping?

Solution:

8.23+2.65+12.42+3.26= $26.56
Charity had $26.56 before going shopping.

5. At basketball practice, Justin scored 36 points. Brad scored 41
points. Kevin scored 10 fewer points than Justin and Brad

combined. How many points did Kevin score?

Solution:

(41+36)-10=67

Kevin scored 67 points.
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6. Mrs. Price’s long distance phone calls usually last an average of 18
minutes. The long distance company offered her two plans:
Plan A: the first three minutes cost $2.25 and $0.30 for each
additional minute; Plan B: flat rate of $0.50 per minute. Which plan

is cheaper? By how much?

Solution:

Plan A: 2.25+(0.30X15)=2.25+4.50=$6.75
Plan B: 0.50xX18=%$9.00

9.00 — 6.75 = $2.25

Plan A is cheaper by $2.25.

7. John thought of a number, then subtracted 35 from it, then
multiplied the difference by 3, then added 60 to the product, and
got 180. What was the number John thought of?

Solution:
(X-35)x3+60=180
= 180-60=120

120+3=40
40+35=75
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8. Lynn, Francine, Eileen, Susan, and Nancy ran in a race. Susan
finished the race before Nancy. Francine finished before Susan but
after Eileen. Lynn finished before everyone but Eileen. Who was

the first, second, and third to finish the race?

Solution:
1% place: Eileen
2" place: Lynn
3" place: Francine
4" place: Susan

5" place: Nancy

9. There were 412 men on a train. There were four times as many

men as women. How many women were on the train?

Solution:
412+4=103

There were 103 women on the train.

10. Lisa has 11 quarters. She has twice as many dimes as quarters,
and 5 fewer nickels than dimes. She has the same number of

pennies as the other coins combined. How many of each coin does

Lisa have?

Solution:
11 quarters
22 dimes
17 nickels

50 pennies
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Appendix E2: Set 1 Word Problems — Arabic Version
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Appendix F1: Set 2 Word Problems With Solutions — English Version

STUDENT: DATE: _ _/__ /08

Do your best to solve each of the problems. Please, show all of your
work. And, thank you again.
1. Five students stood in line to go on the school bus. Nicole stood first

in line; Lara stood between Sarah and Ron; and Sarah stood behind

Nicole. Where does Samantha stand in line?

Solution:
(Front)
Nicole
Sarah
Lara
Ron
Samantha (=Samar in the Arabic version)

Samantha/Samar stands last in line.

2. Freddie collected 45 stamps in the month of April, and twice as many

in May. How many stamps in all did he collect in both months?
Solution:
45%x2=90

45+90=135 stamps

Freddie collected 135 stamps in both months.
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3. Omar thought of a number, he then subtracted 25 from it, multiplied
the difference by 5, added 50 to the product and got 225. What was

the number Omar thought of?

Solution:

(x-25) X5+50=225
= 225 — 50=175

175+5=35

35+25=60

Omar thought of the number 60.

4. Mr. John wants to rent a car to go on a trip. The cost is $35 per day
as long as the mileage does not exceed 100 km, otherwise he has to
pay $5 for each extra km. Another option is to pay $60 for each day.
Which option is the best, if the trip is going to last 3 days and the total

distance will be 150 km?

Solution:
1% option: (3%35)+(5%50)=105+250= $355

2" option: 3xX60=180

2" option is the best.
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5. There were 46 women and 35 men attending a wedding. The number
of children attending the same wedding was 15 fewer than the number
of men and women combined. How many children were attending this

wedding?

Solution:

(46+35)-15=66

There were 66 children attending the wedding.
6. A large car consumes 3 times the amount of gas a small car does per
year. Mr Smith used up 2700 Liters of gas by driving the large car.
How much gas would he have used by driving the small car instead?

Solution:

2700+3=900

The small car consumes 900 Liters of gas.

7. Michael planted apple, plum, cherry and pear trees in rows. The apple
trees are the closest trees to the pear trees. The apple trees are to
the right of the cherry trees, and the plum trees are to the left. What
is the order of the trees from left to right?

Solution:

(Left) Plum Cherry Apple Pear (Right)

192



8. Mira spent $15.60 for books, and $9.38 for pencils and $3.12 for
sweets. She returned home with $6.50. How much money did Mira

have before going shopping?

Solution:

15.60+9.38+3.12+6.50=34.60
Mira had $34.60 before going shopping.

9. Mary has 15 white marbles. She has twice as many blue marbles as
white marbles, and 7 fewer red marbles than blue marbles. How

many red marbles does she have?

Solution:

White marbles: 15
Blue marbles: 30

Red marbles: 23

10. William pays $35 a month for 400 minutes of cell phone use and
$0.40 for each extra minute. His friend Andrew pays $0.20 per minute
for cell phone usage. If each used a total of 500 minutes in one

month, who would pay more? By how much?

Solution:

William: 35+(0.40%X100)=35+40=75
Andrew:  0.20X500=100
100 — 75 = $25
Andrew paid more by $25.
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Appendix F2: Set 2 Word Problems — Arabic Version
08/ /  :foad s dudal)

SN e oS0y ¢ AN ) g o A el LIS AN i) U b lagh Sl
S5 05 1Y cilall Aadih 8 (535 Ly ANl 5 o sidal L 3 006 5 Ul ]

ERYON \@)Mumuj JEXEEG 3 WP P

e b e e Ui i G s s i (s ok 45 o g 2
A b e (st e S

225 o Jand 50 dalall ) pan 5 5 @ GAN a5 25 4de =k 2y Tiee K8 3
¢ fak 4y S i) S5 T L

38 Y O B $35 daal) 3aY) S Al Bl 3L et A X A 5 4
AT TGS WA OIS B30 el U8 e $2 & g o e YT el 100 L
A Ol Gde 13 (i S0 (Y1 RN G Lo aall ) 550 $60 g o b

M i sl 150 o Leadad &5 Al A80 (5 o0 3 (5 i

Oe B 15 08 hian 0adl) Y'Y 3ae JADN (e 355 ¢ bl (40 46 uall Aia omn 5
oyl Alin 1T mn cpaf) oY Y1 Ao (IS AEE Ll JBT) aae ¢ s

194



LR Ui ool e 8hudall &0 ALEE L calalal 3 8K 3,0 MES 6
ol e Lol B ANRELG A 5, UL Al (i) (e 5l 2700 a5 S
3 il \i’Jl;id\ Jaziiul 13)

s o=y ) Y GO Gila 8 Lal s Iy R Ay WStk gD T
onall ) oGl (e SRSV i le Jlal) I 2T 5 LRI pae ) Al L)

5281 618 3 TS el 159 539.38 5 i€l e G aal 1553 15,60 sl & a8
Y55 388 TS el 15Y55 6.50 Loy il I a5 eqsslall (3 TS el 1Y 533,12
£l ) AR U Lo S BS

o) el JISH (e laSie 5 ol 50 IS G 35l 138 L laSie 5 5Ll &S 15wy B 9
Q(u‘)A Qe ‘;ﬂ\ o) yaall JII dae G o850 SN (e Jai 7

e $0.40 &% 25 a5 4880 400 336 (g slal) Adila Jlaaill Jaleh G e §35 48 28310
13 o) Al JUill (e 4380 U8 e $0.20 338 el ddpria U 438l) 4383
¢ Sl Gl a8 oal) e el aal L3 4380 500 835 (5 511 Axla L U8 i
9Ly 5

195



Appendix G: Student Survey

Please fill in the information to the best of your ability.

1.
2.
3.

Name/ID No:
Grade:
Which language is more comfortable to use when you are speaking? (check
only one)
O Arabic O English
Were you born in the United States? O Yes O No

If no, how old were you when you came to the United States?

What language do you speak at home? (check only one)
only English, no Arabic

mostly English, little Arabic

equal amount of English and Arabic

mostly Arabic, little English

______ only Arabic, no English

What language do you speak with your Arabic speaking friends/ relatives in
the United States? (check only one)

only English, no Arabic

mostly English, little Arabic

equal amount of English and Arabic

mostly Arabic, little English

only Arabic, no English

How well do you SPEAK Arabic compared to other Arab students overseas?
O Very well O Well O Very little O Not well at all
How well do you READ Arabic compared to other Arab students overseas?
O Very well O Well O Very little O Not well at all
How well do you WRITE Arabic compared to other Arab students overseas?

O Very well O Well O Very little O Not well at all

© Thank you for your effort! ©

196



Appendix H: IRB Approval Form
University Committee for the Protection
of Human Subjects in Research
University of New Orleans

Campus Correspondence

Dr Yvelyne Germain-McCarthy
Samar El-Rifai

11/8/2007

RE:  Exploring the relationship between the level of proficiency of bilingual students’
first and second languages and their competence in solving word problems in
both languages

IRB#: 01feb07

The IRB has deemed that the research and procedures are compliant with the
University of New Orleans and federal guidelines.

Please remember that approval is only valid for one year from the approval date. Any
changes to the procedures or protocols must be reviewed and approved by the IRB
prior to implementation.

If an adverse, unforeseen event occurs (e.g., physical, social, or emotional harm), you
are required to inform the IRB as soon as possible after the event.

Best of luck with your project!
Sincerely,

Laura Scaramella, Ph.D.
Chair, University Committee for the Protection of Human Subjects in Research
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