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Abstract 

Research on English Language Learners’ (ELL) test performance in relation to 

their language use at home and attitudes towards mathematics have rarely been 

investigated. This study examines the effects of different test formats and constructs, 

learner characteristics, and attitudes towards mathematics on ELLs’ performance in the 

Education Quality Accountability Office (EQAO) Grade 9 mathematics test. The 

participants include a total of 2867 ELLs in Grade 9 who participated in the EQAO 

Grade 9 mathematics test (1887 from the academic course and 980 from the applied 

course). 

The overall results of the study supported the following conclusions. First, ELLs 

tend to score better in Multiple Choice Questions (MCQ) over Open Response Questions 

(ORQ), and language use at home has interaction effects on their performances on 

various test formats and constructs. Secondly, significant interactions occurred between 

language use at home and ELLs’ performance of test formats and constructs. In addition, 

ELLs who speak another language (only another language) scored higher in performance 

in both test formats and constructs than ELLs who spoke only English at home. From the 

ELLs’ questionnaire responses at both the academic and applied levels, two learner 

characteristics were derived from the section of the questionnaire measuring attitudes 

towards mathematics: perceived mathematics competency and mathematics interest. The 

questionnaire also revealed that ELLs in the academic level viewed mathematics in 

separate constructs (i.e., numerical and spatial mathematics), whereas ELLs in the 

applied level viewed mathematics as a whole. By extracting from learner characteristics, 

perceived mathematics competency was found to be the significant predictor for 



iii 

 

mathematics test performance of ELLs in the academic and applied levels. Moreover, 

perceived numerical and spatial mathematics ease are significant predictors for 

mathematics test performance in the academic level. On the other hand, perceived 

mathematics ease was found to be a significant predictor for the applied level. Results are 

discussed in relation to second language development, mathematics teaching and 

learning, and cultural differences. Limitations of the present study were presented where 

implications for research, test development, and practice are suggested for future 

research. 
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Chapter 1 

Introduction 

In Ontario, large-scale assessments are administered by the Education Quality and 

Accountability Office (EQAO) to test students at different ages on skills of numeracy and 

literacy.  The assessments aim to document and track the achievements of students over time 

(Klinger, DeLuca, & Miller, 2008). These provincial assessments include Grades 3 and Grade 6 

reading, writing, and mathematics, Grade 9 mathematics, and the Ontario Secondary School 

Literacy Test (OSSLT) in Grade 10. English Language Learners (ELLs) are one of the at-risk 

groups of students who have significant performance gaps in numeracy and literacy when 

compared with non-ELLs (students with English as a first language) (Cheng, Klinger, & Zheng, 

2008). A potential problem that has emerged lies specifically with a group of ELLs who are 

enrolled in applied level mathematics courses and take the EQAO Grade 9 mathematics test. A 

large majority of these ELLs in the applied level are not achieving the provincial standard. For 

instance, the annual EQAO report in 2009 to 2010 at the applied level reported that 71% of ELLs 

(1,885 out of 2,857 ELLs) compared to 56% of non-ELLs (24,276 out of 47,566 non-ELLs) 

performed below the provincial standard in the Grade 9 mathematics test (EQAO, 2010).   

There are several potential explanations for the low achievements of ELLs: a lack of 

English proficiency and literacy, less positive attitudes towards learning mathematics, and issues 

of language complexity associated with the test formats or constructs that may hinder their 

performance in the Grade 9 mathematics test. This study considered the definition of test format 

as “its design and layout” (Osterlind, 1998, p. 23) to measure a specific test construct. There were 

two broad types of test formats: selected-response and constructed-response. Moreover test 

construct was understood as an “ability” (i.e., a human characteristic required for successful task 
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performance). At the simplest level, constructs can be identified with capacities to perform 

classes of tasks defined by task specifications” (Wiley, 2001, p.208) for this study. 

Studies of ELLs in relation to mathematics learning have not been frequently reported. 

This lack of research is particularly apparent when investigating those ELLs enrolled at the 

applied level of mathematics courses.   

English Language Learners in Canada 

 Canada accepted more than 280,000 immigrants in 2010, the highest level recorded since 

the 1950s (Statistics Canada, 2010). ELLs are one of the fastest increasing student populations. 

The rising ELL population in Ontario coincided with increasing standards of curriculum 

expectations as well as a greater use of large-scale assessment for accountability (Mazzeo, 2001).  

English Language Learners (ELLs) in Ontario are defined as:  

Students in provincially funded English-language schools whose first language is a 

language other than English, or is a variety of English that is significantly different from 

the variety used for instruction in Ontario’s schools, and who may require focused 

educational support to assist them in attaining proficiency in English. They may be 

Canadian-born or recently arrived from other countries. They come from diverse 

backgrounds and school experiences, and have a variety of strengths and needs.  

(Ministry of Education, 2007, p. 5).   

 

EQAO uses the definition of ELLs from the Ontario Ministry of Education Policy document 

(EQAO 2010; Ministry of Education, 2007a). However, this definition covers a large variety of 

ELLs that includes ELLs from different backgrounds and who use English in a different form as 

their main language of communication. Cheng (2012) reorganized the heterogeneity of ELLs that 

were categorized in the policy document into groups of Canadian and foreign born ELLs that 

indicate different home backgrounds (Ministry of Education, 2007) in table 1. This definition 

recognizes the various linguistic, cultural, literacy, and educational background that these ELLs 

bring into their learning in Ontario.  
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Table 1 

ELL Categories (Cheng 2012) 

Canadian Born ELLs Newcomers from Other Countries 

Aboriginal students Children involved in “voluntary, planned 

immigration” 

 

Students who families have “maintained a 

distinct cultural and linguistic transition that is 

not English” 

 

Children who have left their homeland “under 

conditions of extreme urgency” 

 

Children from immigrant communities in 

which “languages other than English are 

primarily spoken” 

 

Fee-paying international/visa students 

 

 

In the policy document, ELLs who speak an alternative English is described as  

“Some varieties of English are very different — not only in pronunciation or accent but 

also in vocabulary and sentence structure — from the English required for success in 

Ontario schools. Some varieties are so different from standard English that many 

linguists consider them to be languages in their own right.”  

(Ministry of Education, 2007a, p. 5).   

With an increasing ELL population, the 2011 annual report on Ontario’s publicly funded 

schools of People for Education reported that 90% of elementary schools in the Greater Toronto 

Area (GTA) have ELLs. From 2003 to 2004, 25% to 33% of secondary schools reported having 

more than 10 students per class learning English as a second language in the GTA (People for 

Education, 2011). The increasing number of immigrants and international students coming to 

Canada for western-style education contributes to the increasing ELL population. These incoming 

ELLs bring ethnic, linguistic, and cultural differences to the school community (Watt & 

Roessingh, 2001). ELLs are a heterogeneous group comprised of individuals with diverse 

educational backgrounds and varied abilities in literacy and numeracy (Cumming, Hart, Corson, 

Labrie, & Cummins, 1993). Research has suggested that ELLs require three to five years of 



4 

 

English learning for oral English proficiency and four to eight years of further English learning 

for academic English proficiency (Cummins, 2008; Hakuta, Butler, & Witt, 2000).  And this 

academic English proficiency is the one factor that contributes most to student academic 

achievement. Abedi (2008) suggested that the term “ELL” may encompass various meanings in 

describing a student learning English as a second language and no uniform definition may be 

applied to test administration.  

Academic and Applied Levels of Mathematic Courses 

 At Grade 9, the Ontario curriculum offers three courses: academic, applied, and locally 

developed. The Ontario Ministry of Education (2005) expects academic courses to expand a 

student’s knowledge and skills through studying theory and abstract problems of mathematics. 

The academic courses focus on essential concepts of mathematics and explore related theories 

that integrate practical applications. Applied courses focus on essential concepts of mathematics 

and develop students’ knowledge using real existing examples and practical applications. Real-

life situations are applied to describe ideas, and students are given more opportunities to 

experience mathematics through the use of hands-on applications (Ministry of Education, 2005). 

Finally, the locally developed level includes courses that are developed by individual school 

boards, authorities and private schools to satisfy the needs of students to prepare future education 

or career paths. Most of the needs of students and the skills required for specific future education 

or career paths cannot be met by the courses authorized by the provincial curriculum policy 

documents (Ministry of Education, 2004). Upon finishing academic and applied courses at Grade 

9 and 10, students may select university, college, or workplace preparation level courses in Grade 

11 and Grade 12.  

 Placements of ELLs in the academic or applied levels are dependent on the 

decisions of parents with input contributed by the guidance counselor of the school. 

When incoming ELLs from foreign countries arrived to Canada, mathematics diagnostic 
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assessments are conducted by the guidance counselor to evaluate their numeracy level 

(Ministry of Education, 2007). People for Education (2011) and EQAO (2009) reported 

an increase of ELLs taking applied level mathematics and the Grade 9 EQAO 

mathematics applied level test.  

There were considerable concerns over the achievement gap which exists between 

the academic and applied level courses in Ontario for all students. In particular, more 

students who are registered in applied level mathematics courses were failing. Moreover, 

it was suggested that the applied mathematics curriculum was not meeting the students’ 

needs, learning styles, nor their future career requirements (Antonelli, 2004).  

Many ELLs are placed into the applied level for a majority of their classes 

(including mathematics) due to low language proficiency (Antonelli, 2004). Placement 

guidelines between academic, applied, and locally developed levels were suggested in 

Antonelli’s (2004) study. For ELLs, placement guidelines for academic or applied levels 

should not mainly focus on English language proficiency but look at all types of 

diagnostic assessments conducted by the guidance counselors and which may be found in 

previous records of ELLs (if available). For applied mathematics courses, it was 

suggested curriculum expectations be simplified to allow more time for hands-on 

activities and real life applications of mathematics for all students.  

EQAO Grade 9 Mathematics Test 

The EQAO’s purpose is to provide provincial-wide testing at points in primary, 

junior, and secondary education and to report the results to educators, parents and the 

public. Using large-scale assessment as a tool, EQAO aims to increase the success of 

learning by measuring students’ ability in reading, writing, and mathematics skills in 
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relation to the Ministry of Ontario’s curriculum expectations. The results of the large-

scale assessments are supportive information that informs the current knowledge about 

students’ learning and informs to improve the education quality of individual students, 

educators, schools, and school boards (EQAO, 2012). EQAO offers two administrations 

of the Grade 9 mathematics test each year (one in each semester). Subjects are offered on 

a semester basis in Ontario, so students enrolled in Grade 9 mathematics in the fall would 

take the EQAO test in January and those enrolled in winter would take the test in June. 

There are English and French versions for students in different language programs. This 

study focuses on the English version of the EQAO Grade 9 mathematics test. Students in 

Grade 9 take the mathematics test once, with no exemptions given for learning 

disabilities or low English proficiency. However, accommodations are given for students 

with exceptionalities according to their Individual Education Plans (IEP). Specifically, 

ELLs may be given alternative accommodations by the recommendations of the 

mathematics or ESL teacher, for example, extra time, scribing, and different 

environmental settings (EQAO, 2009; Wolfe et al., 2004). There are two levels of the 

EQAO Grade 9 mathematics test that coincide with the Ontario mathematics curriculum, 

academic and applied. Students in the locally developed levels, mathematics credit 

recovery program, or in a co-op course related to any level of Grade 9 mathematics do 

not write the EQAO test (EQAO, 2011). In general, the Grade 9 mathematics tests assess 

both the academic and applied level students on the following main strands: number 

sense and algebra, linear relations, and measurement and geometry. Analytic geometry is 

tested only at the academic level. The specific areas assessed in the EQAO Grade 9 
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mathematics test for both academic and applied level mathematics are outlined in Table 

2. 

Table 2 

Mathematical Content for EQAO Grade 9 Mathematics Test Construction for Academic and 

Applied Level Versions (EQAO, 2009) 

Mathematical 

Strands 

Academic Applied 

Number sense and 

algebra 

 Exponent Operations 

 Manipulating algebraic expression 

and solving equations 

 Solving problems involving 

proportional reasoning 

 Simplification of 

expressions and solving 

equations 

Linear relations 

 Investigating relationships using data 

management 

 Characteristics of linear relationships 

 Connecting different representations 

of linear relationships 

 Investigating relationships 

using data management 

 Characteristics of linear 

relationships 

 Connecting different 

representations of linear 

relationships 

Analytic 

Geometry 

 The investigation in the relationship 

between the equation of the function 

and the shape of the function while 

graphing 

 Properties of slope 

 Using the properties of linear 

relationships to solve linear equations 

Not applicable for Grade 9 

Applied Mathematics 

Measurement and 

Geometry 

 Investigation of optimal values in 

measurement 

 Solving problems involving 

perimeter, area, surface area, and 

volume of shapes 

 Investigating and applying geometric 

relationships 

 Investigation of optimal 

values in measurement 

 Solving problems involving 

perimeter, area, surface 

area, and volume of shapes 

 Investigating and applying 

geometric relationships 

 

Research Context 

This study examines the performance of ELLs at both academic and applied 

strands of the EQAO Grade 9 mathematics test. Specifically, the study examines their 

performance in relation to various test formats and constructs of the EQAO Grade 9 

mathematics tests described in Table 2. Further, the study identifies students’ individual 

learner characteristics through an EQAO questionnaire given at the same time as the test, 
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and the relationship between ELLs’ test performance and their learning characteristics. 

The findings of this study inform the understanding of ELLs’ performance behaviors in 

relation to the learner characteristics of this particular group of students. More 

importantly, it may provide empirical evidence on the factors that contribute to or hinder 

ELLs’performance on EQAO Grade 9 mathematics tests – both at the academic and 

applied levels. 

Research Questions 

This study describes the performance of ELLs in various test formats and test 

constructs, identifies learner characteristics of ELLs, and investigates whether these 

factors are significant predictors of their performance on the EQAO Grade 9 mathematics 

test. ELLs at the academic and applied level who took the English version of the test are 

studied. The learner characteristics to be examined include: students’ background, 

students’ attitude towards mathematics, and the use of the EQAO Grade 9 mathematics 

test as (part of) class marks. The following research questions are proposed: 

1) How well do ELLs in the academic and applied levels perform on the various test 

formats and test constructs built into the EQAO Grade 9 mathematics test? Are 

there significant differences in test performance between ELL groups at the 

academic and applied levels based on their language use at home? 

2) According to the EQAO students’ questionnaire responses, what are the ELLs’ 

learner characteristics, e.g., students’ background, attitudes towards mathematics, 

and the use of the EQAO Grade 9 mathematics test results as a class mark within 

the academic and applied levels?  



9 

 

3) What are the ELLs’ learner characteristics, identified through the EQAO student 

questionnaire, that predict test performance in the EQAO Grade 9 mathematics 

test at the academic and applied levels?  

Overview of the thesis 

 This thesis is structured in five chapters. The present chapter (chapter one) 

introduces the research context and presents the research questions for the thesis. Chapter 

two is a literature review that describes relevant studies. The third chapter describes the 

measures, participants and the dataset used for the thesis. Chapter four discusses the 

results of each data analysis procedure, and finally, chapter five provides general 

conclusions supported by existing literature, limitations, and implications to improve the 

study.      
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Chapter 2 

Literature Review 

This literature review focuses on five primary areas of research that have 

collectively informed and provided empirical evidence for the current study. The first and 

second areas examine ELLs’ language learning and teaching in mathematics and their 

perceptions of mathematics. The third area discusses the differential performances of 

ELLs and non-ELLs in large scale assessments of mathematics. The fourth examines the 

impact of language difficulty for ELLs in large scale assessment. Finally, the threats to 

reliability and validity in mathematics assessment of ELLs, is described.  

Language Learning and Teaching in Mathematics of English Language Learners 

Schleppegrell and O’Hallaron (2011) suggested that tests in certain subject areas 

are not only testing skills of the particular subject, but also of the language skills and 

language behind the subject. Hudson (1998) suggested that first language literacy of 

ELLs influences their second language development, where ELLs develop strategies and 

rely on their first language ability to help their learning of the second language. Three 

main linguistic hypotheses regarding first language literacy transfer to assist in second 

language development were considered to support Hudson’s (1998) claim. Firstly, the 

interdependence hypothesis which describes the reading ability of the second language is 

depended on the reading ability in the first language (Alderson, 1984). The Threshold 

hypothesis suggests thresholds that bilingual students need to obtain in both languages in 

order to avoid cognitive and academic disadvantages. When certain thresholds are 

reached, it potentially benefits aspects of first and second language literacy developments 
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to influence bilingual students’ cognitive and academic abilities (Cummins, 1979). 

Finally, the third hypothesis includes the common underlying proficiency model which 

suggests that cognitive and academic ability is transferred across first and second 

languages. In addition, higher-order thinking skills including analysis, synthesis, 

interpreting, transferring, reasoning, and generalizing are transferred across first and 

second language to develop second language development (Cummins, 1996). The 

aforementioned hypothesis and Hudson’s (1998) claim may also be used in terms of 

mathematical language learning and literacy development of second language 

mathematical skills. 

Mathematics comprises literacy skills such as reading (reading word problems 

and mathematical content) (Martinello, 2009), writing (answering mathematics questions 

and interpreting results) (Duru & Koklu, 2011), listening (listening to oral teaching of 

mathematical content) (Brown, 2005), and speaking (presentation of mathematical ideas) 

(Ministry of Education, 2005). Therefore, it is important to first consider the language 

learning of ELLs in mathematics classrooms, before mathematics assessment is discussed 

(Cuveas, 1984). The literature suggests that when ELLs are first learning mathematics, 

the mathematical vocabulary used can create difficulties, as the ELLs’ second language 

learning literacy is still slowly developing. This suggests that ELLs are learning two 

languages simultaneously: mathematical language alongside with the English language 

(Cuveas, 1984). 

In applied linguistics, English for academic purposes studies the areas of 

academic English used in different school subjects. Brown (2005) has suggested that 

mathematics has such specific vocabulary that it can be considered as having its own 
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language. Cuevas (1984) explained that ELLs need to master both English and specific 

subject-based language; in mathematics, certain vocabulary is required. In linguistics, 

language register defines meanings of words and sentences that serve a particular 

function in language. Cuevas (1984) defined mathematics register as the specific 

meanings that belong to the words of mathematical language. Mathematics register is 

more precise than the natural English language, and uses grammatical structures and 

styles to convey concise mathematical knowledge. 

There is a common misconception that mathematical language is a universal 

language due to its use of numbers and symbols. A study by Wright and Li (2008) sheds 

light on this myth by explaining that mathematical symbols and functions have specific 

meaning when written in sentences. For example, x is greater than 15 can be expressed as 

x > 15, but this expression in learning can be very complex when functions are described 

from left-to-right and sometimes up and down in algebra (e.g., f (x) = x
2
 + 2x + 1 is “the 

function of x is the sum of x raised to the exponent of two plus twice the value of x plus 

one”). ELLs need background knowledge of mathematics and also of the rules of English 

grammar to translate this function. However, ELLs may come from a first language 

culture where reading is not left-to-right as it is in English, for example, traditional 

Chinese reading uses a top-to-bottom approach (Burt & Peyton, 2003). Mathematics is a 

technical subject that contains unique patterns of vocabulary and grammar: it contains 

technical (mathematical) vocabulary such as difference, fractions, and derivatives. 

However, a mathematical problem may contain words that have different meanings 

within the context of mathematics such as place, product, and significance. Educators 

may recognize technical vocabulary but may be unaware of grammatical patterns (e.g. 
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when describing two points, there are different clauses such as, from x to y and between x 

and y) that confuse ELLs due to complex relations in areas of statistics, algebra and 

geometry (Emenogu & Childs, 2005; Schleppegrell, 2007) (e.g., in mathematics, the 

word factor is known as an exact divisor of a number whereas in daily language, factors 

is described as anything that influences or contributes to a result; Duru & Koklu, 2011). 

In the mathematics classroom setting, there are differences in the practice of 

teaching English for academic purposes. Barwell, Leung, Morgan, and Street (2002) 

noted that there are differences between oral and written mathematical language in the 

context of the classroom. Oral mathematical language tends to be conversational to 

explain the mathematical concept with less grammatical patterns structured in oral 

instruction (Janzen, 2008) Written mathematical language which are expressed in an 

academic tone and contains more grammatical patterns and less basic daily 

conversational terms that ELLs may understand.  This suggests that oral mathematics 

instruction does not lead to a full understanding of written mathematics. Due to the fact 

that specific mathematical vocabulary may not been explicitly explained to ELLs’ 

understanding of a specific mathematical term, therefore, there is a need to teach written 

mathematics to ELLs in order for them to express and comprehend mathematical 

expressions in the written form.  

From the perspective of systemic linguistics, the use of language is essential for 

mathematics teaching. Systemic linguistics (in the mathematical perspective) is defined 

as “the use of the semiotic resources of mathematical symbolism, visual displays in the 

form of graphs and diagrams, [which] can be extended to investigate the lexicogrammar 

of mathematical symbolism and visual display” (O’Halloran, 1998, p. 360). This may 
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imply that ELLs focus on systematic linguistics of mathematics and teachers were not 

aware that ELLs highly depend on systemic linguistics of mathematics in order to 

understand mathematical concepts. For example, reading textbooks and being instructed 

orally by teachers in the classroom may not be the most effective way for students to 

obtain mathematical knowledge (Wright & Li, 2008). Because of the lack of language 

teaching in mathematics classrooms and because reading textbooks can be ineffective to 

learning mathematical language, ELLs need to be more aware of the ways in which 

specific mathematical vocabulary can convey different mathematical concepts (Janzen, 

2008; Veel, 1999).  

Research further indicates the language used by educators to teach mathematical 

ideas is problematic (Cuevas, 1984). Mathematics teachers are not expected to act as ESL 

teachers, but rather as teachers of the language of mathematical concepts and skills. As a 

result, it has been suggested that the academic language used in materials and discussions 

in mathematics classrooms increases the difficulty of learning for ELLs (Cuevas, 1984). 

For example, mathematical activities (e.g., math games) might increase non-ELLs’ 

motivation in learning mathematics by using interesting real-life situations but ELLs in 

these classrooms might find such activities cultural and linguistically exclusive. 

Other than focusing on the teaching practices of mathematics teachers, a 

connection may need to be made between the language used in everyday life and the 

language used in the learning of mathematics by ELLs. From the sociolinguistic 

perspective on bilingualism, language learning among bilingual individuals (including 

ELLs) is dependent on multiple factors. These factors included: (a) the domain of the 

language behavior (e.g., at home, with family, with friends), (b) the situation in which the 
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conversation takes place (e.g., formal or informal), (c) the mode of the language (e.g., 

conversation, reading, or writing), (d) the role of language (e.g., thinking, 

comprehension, production), and (e) the topic being discussed (Fishman, 1965). 

However, this is not the case for ELLs arriving from foreign countries and not all these 

factors will occur for ELLs to develop second language (or mathematical literacy) skills. 

For instance, ELLs seldom find opportunities to practice their mathematical vocabulary 

in their interactions with peers or at home (Janzen, 2008; Ron, 1999). All factors Fishman 

(1965) suggested will create an ideal environment for ELLs to develop their literacy 

skills which are necessary for ELLs to learn and comprehend mathematical principles.   

 Clarkson (2003) suggested that mathematical reasoning and problem solving are 

contingent upon students’ language proficiency in their first or second language. This 

creates problems for students who immigrate to countries where a second language is the 

medium for instruction in schools. In the Ontario context, mathematics is usually the first 

subject ELLs are placed in mainstream classrooms as it is assumed that mathematics is a 

universal language and may be “language free”. ELLs may not have sufficient knowledge 

and skills from their first language to learn academic subjects such as mathematics. As 

established, mathematics has a language element that teachers and ELLs may not be 

aware of and may hinder students’ performance. This may explain why the overall 

mathematics achievement is low for ELLs with low English proficiency and those who 

are newcomers from other countries (Garnaroff, 1988).  

 As discussed, English for academic purposes in the context of mathematics affects 

the learning of mathematics by ELLs. Teachers may not have developed teaching 

strategies to teach mathematical literacy to ELLs. The perceptions of mathematics 



16 

 

perceived by ELLs may also affect the mathematics performance of ELLs. The next 

section reviews studies on students’ perceptions of mathematics.  

English Language Learners’ Perceptions of Mathematics 

The term self-perception is a general term related to attitudes and beliefs 

concerning learning (Hemmings, Grootenboer, & Kay, 2010) and may be an important 

predictor of achievement. Students having positive perceptions and attitudes towards 

learning and dealing with complex tasks in schools are more successful (Reyes, 1984; 

Wilkins, 2002). Aiken (1970) argued that valid measures of students’ perceptions, 

attitudes, and beliefs about mathematics have been difficult to develop. Aiken (1970) 

reviewed the literature and concluded that there are many factors that may affect 

students’ perception of mathematics, including: (a) age, (b) sex, (c) achievement, (d) 

ethnic background, (e) personality, (f) parental influences, (g) social factors, (h) attitudes 

towards mathematics as a “masculine” subject, (i) anxiety, and (j) intellectual factors. To 

expand social factors from Aiken (1970), Walberg, Fraser, and Welch (1986) suggested 

that ability, motivation, and behavior towards the teacher, amount of homework, class 

environment, and home environment influence attitudes. There is a lack of research 

studying the perceptions of mathematics for groups of students such as ELLs who may 

have different perceptions than non-ELLs. Many of these factors are included into the 

EQAO student questionnaire and will be studied to observe ELLs perceptions of 

mathematics in relation to test performance. 

Cultural differences may also influence perceptions of education. Moschkovich 

(1999) listed different socialization processes, language systems, cultural patterns, and 

learning experiences of immigrant groups as possible factors that contribute to ELLs’ 



17 

 

different perceptions of and engagement with the learning in mathematics. Stigler and 

Hiebert’s study (1999) from the Trends In Mathematics and Science Study (TIMSS) 

showed that students and teachers of different ethnic backgrounds have different views of 

literacy and numeracy. For example, Japanese and Taiwanese teachers and students 

believe that numeracy is more important than literacy in education whereas teachers and 

students in the United States and Germany believe literacy is more important than 

numeracy (Stigler & Hiebert, 1999). Thus, attitudes and beliefs about mathematics may 

vary across different ethnic groups.  

 As mentioned earlier, attitudes towards mathematics may be a predictor of 

mathematics achievement. Wilkins (2004) analyzed data from students around the world 

and found positive correlations between self-concept of mathematics and achievement. 

Reyes (1984) defined academic self-concept as a person’s perception of themselves with 

respect to their achievement at school. In regards to mathematics, mathematical self-

concept refers to the self-perception or beliefs of ability to do well in mathematics or 

confidence in learning mathematics (Reyes, 1984).   Self-concept of mathematics is a 

combination of mathematical competency (confidence in mathematics) and attitudes 

towards mathematics which in general are significant predictors of mathematical 

achievement (βattitudes= .1, p<.01, βconfidence= .22, p<.01). (Ercikan, McCreith, & Lapointe, 

2005).  

 In the Ontario context, students tend to enjoy mathematics at the academic level 

while lower percentages of students enjoy mathematics at the applied level (Hall, 2012). 

In addition, a gender gap was revealed indicating that females believe they have less 
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mathematical competency and they have less positive attitudes towards mathematics at 

Grade 9; this gap is more clearly shown at the applied level (Hall, 2012).  

For the EQAO Grade 9 mathematics test, the results of the mathematics test may 

be counted as 0 to 30 percent of the final summative academic or applied course mark 

(Kozlow, 2012). The results of Kozlow’s (2012) study indicated that many teachers used 

the results of the EQAO mathematics test as a portion of the summative course mark but 

the percentage that each teacher used varied. From the EQAO student and teacher 

questionnaires, both students and teachers agreed that counting the Grade 9 mathematics 

test motivated students to take the test more seriously (between 70% to 75% and 83% to 

94% for students and teachers respectively). In addition, this was supported by the 

students being more likely to meet the provincial standard when knowing the 

mathematics test counted for the summative course mark (Kozlow, 2012). 

 As mentioned, perceptions and attitudes towards mathematics for ELLs have not 

been specifically studied. Kelly (2011) used a mixed method approach that included a 

questionnaire and focus groups by random sampling of all students in one school. The 

study found ELLs who are currently in (or had left) the ESL programs tended to like 

aspects of mathematics in a similar way to non-ELLs. Moreover, ELLs tended to be less 

indecisive about their attitudes towards mathematics compared to non-ELLs. However, 

due to small sample size, the cross tab analysis found the results between ELLs and non-

ELLs attitudes towards mathematics to be nonsignificant but has provided 

encouragement to study larger samples of ELLs to obtain a more broadly-based view of 

their perceptions and attitudes towards mathematics. 
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 This section has discussed ELLs’ perception of mathematics, unfortunately, 

specific studies in the Ontario context has not been researched. Both language skills (see 

previous section) and perceptions may affect the performance of ELLs. The next section 

reports on studies of the ELLs’ performance in comparison to non-ELLs in large scale 

assessment.  

Performance of English Language Learners in Large-scale Mathematics Assessment 

The performance of ELLs in large scale assessment may contribute to ELLs’ 

academic and career decisions and opportunities. Mathematics is linked with professions 

related to science, technology, engineering, and mathematics (STEM). Lubienski (2007) 

suggested that mathematics achievement will provide prestigious STEM careers. In New 

Zealand, students who study English as a second language tend to achieve 10 to 15 

percent lower in their course marks due to language difficulties (Lubienski, 2007). This 

may lead to less employment opportunities for ELLs in STEM careers due to lower 

scores in mathematic courses. Performance gaps between ELL and non-ELL students are 

also apparent from documented results of the EQAO mathematics tests in Ontario for all 

grades and in the Ontario Secondary School Literacy Test (OSSLT) (Cheng et al., 2007). 

Table 3 indicates the number of ELLs and non-ELLs passing or failing in the OSSLT and 

in the EQAO Grade 9 mathematics test in 2009 – 2010
1
.
 
For the Grade 9 Mathematics 

test, level 2 is considered provincial standard in the Ontario mathematics curriculum 

(Ministry of Education, 2011).  

                                                      

 

1
The OSSLT is a literacy competency test whereas the EQAO Grade 9 test is a numeracy competency test. 

It may not be comparable because the EQAO Grade 9 mathematics test is administered to Grade 9 students 

and the OSSLT is administered to Grade 10 students.    



20 

 

Table 3 

Number of students who passed and failed in the OSSLT and the EQAO Grade 9 

mathematics test in 2009 - 2010 (EQAO, 2010) 

Secondary Level EQAO 

Assessments  

(N, nELL, nnon-ELL) 

ELLs   Non-ELLs 

Pass  Fail  Pass  Fail 

OSSLT (142,955; 4508; 138447) 
2,850 

(63%) 

 1,658 

(37%) 

 117,368 

(85%) 

 21,079 

(15%)    

Grade 9 Mathematics Academic  

(101,268; 3,788; 97,479) 

3,061 

(81%) 

 727 

(19%) 

 79,978 

(82%) 

 17,501 

(18%)    

Grade 9 Mathematics Applied  

(47,566; 2,656; 43007) 

771 

(29%) 

 1,885 

(71%) 

 18,731 

(44%) 

 24,276 

(56%)       

 

Table 3 generally indicates that a higher proportion of non-ELLs pass the OSSLT 

and the Grade 9 mathematics test than ELLs. The largest discrepancy is the amount of 

ELLs and non-ELLs passing the OSSLT. For example, 63% of ELLs who passed 

compared to 85% of non-ELLs who passed the OSSLT. Likewise, in the Grade 9 

mathematics test of the applied level, 29% of ELLs passed the test in comparison to 44% 

of non-ELLs.  

The 2009-2010 EQAO annual report identifies students who are falling below the 

provincial standard for the Grade 9 mathematics test. At the applied level, ELLs tend to 

perform at a lower level than students with special needs (who may require Individual 

Education Plans) on test items that include mathematical terminology (EQAO, 2009). A 

large number of applied level ELLs fall below the provincial standard - 71% of all ELLs 

tested (1,885 ELLs out of 2,857 ELLs) are below the provincial standard indicated in 

Table 2 (EQAO, 2010).  Since the 2006 academic year, exemptions from the EQAO 

mathematics test are not permitted for ELLs, however, special provisions are given to 
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ELLs when being administered the EQAO Grade 3 and Grade 6 mathematics and reading 

tests, the Grade 9 mathematics test, and the OSSLT. Special provisions are defined as 

adjustments to the testing environment and the allotted time provided for the assessment 

(EQAO, 2009).  

In addition, there is a performance gap between academic and applied level 

students. Many students who were registered in mathematics courses at the applied level 

were failing, it was suggested that the applied mathematics curriculum was not meeting 

the students’ needs, to fit with their learning styles, and mathematics skills to prepare for 

future careers (Antonelli, 2004). In Antonelli’s (2004) study surveys were distributed to 

teachers and educational assistants who taught and supported applied level courses. The 

main issues raised by teachers and educational assistants were behavior issues, different 

learning levels, lack of parental support, and class size. 

In Ontario, the stakes of the EQAO Grade 9 test were considered to be low 

(Klinger et al. 2009). Alternatively, the mathematics large scale assessments in the 

United States are particularly higher stakes and may be a requirement for graduation and 

promotion (Blank, Manise, & Brathwaite, 1999; Menken, 2009). Failure of State 

mathematics tests by ELLs can have many negative consequences including: (a) retaking 

the mathematics test multiple times until passing it, (b) prolonged time in schooling or 

extended schooling, (c) terminating academic careers (i.e., returning to home country), 

(d) agonizing defeat, (e) dropping out, and (f) taking graduate equivalency programs that 

also may not satisfy students’ needs (Menken, 2008). Performance gaps between ELLs 

and non-ELLs in large scale assessments have been discussed by presenting the previous 

year’s results of the Grade 9 mathematics and Grade 10 OSSLT tests at the academic and 
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applied levels. There is clear evidence that ELLs are underperforming in mathematics 

assessment when compared to non-ELLs. The focus next turns to investigating factors 

that may predict performance gaps between ELLs and non-ELLs in large scale 

assessment. The next section reviews studies on the impact of English language difficulty 

on mathematics tests for ELLs.  

The Impact of English Language Difficulty on Mathematics Large Scale Assessment 

for English Language Learners 

There appears to be inconsistent views about second language learning and 

mathematics achievement. Some studies of bilingual programs found positive 

correlations between learning mathematics in a second language and academic 

achievement (e.g., Barwell et al., 2002), whereas some found ELLs have weak 

performances in mathematics assessment when the school language is different from the 

home language (e.g., Neville-Barton & Barton, 2005). Two studies (Clarkson, 1992, 

Dawe, 1983) provide evidence to support Cummins’ (1976) Threshold Hypothesis, i.e., 

the level of first and second language proficiency of a student determines the student’s 

experience in learning the first language, cognitive deficits, or beliefs in learning 

languages while learning a second language. Applying the threshold hypothesis to 

mathematics test performance, students who are proficient in both of their first and 

second languages would tend to perform better in mathematics than monolingual students 

and bilingual students who have one dominant language. . Wong Fillamore (1991) 

suggests there are bilingual students who may have their first language “rapidly eroded” 

as there was less use of the first language as the bilingual student enters a majority-

language school. This leads to a subtractive bilingual environment and a significant loss 
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on the advantages an ELL has in order to face challenges in school. Subtractive 

bilingualism may lead to having students who are weak in both languages would tend to 

have weaker performance in mathematics (Ni Riodain & O’Donoghue, 2009) and in 

English literacy (Jang, 2009; McGloin, 2011; Zheng, 2005).  

Wright and Li (2008) investigated the language used for mathematical test items 

that were administered to newly arrived ELLs in the United States. The research provided 

a detailed linguistic analysis of the Texas Assessment of Knowledge and Skills 

Mathematics Test (TAKS) and explicit instruction strategy to prepare participants for the 

TAKS. Wright and Li (2008) used interviews and provided tutoring and support in the 

native language of the ELLs who took part in the study. The participants were two 

Cambodian students who had recently arrived to the United States and were placed in a 

Grade 5 classroom. Results indicated that the TAKS test was difficult for ELLs because 

of language complexity. For example, during tutorial sessions, researchers noted that 

participants read sentences with difficulty when word problems requiring multistep 

mathematical procedures were presented on the test. This finding implies that even with 

native language assistance the language demands for mathematical word problems were 

beyond the basic level for the participants (Wright & Li, 2008). Therefore, the 

researchers suggested that ELLs delay their participation in state tests to allow adequate 

time to “catch-up” academically and to have the opportunity to learn the new language 

before participating in any high-stakes tests. They further suggested three factors to be 

taken into consideration to prepare ELLs for high stakes testing: (a) quality of education 

from the home country, (b) opportunity to learn content along with their American-born 
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peers in the classroom, and (c) awareness of language barriers that appear in curriculum 

instruction in the United States. 

Language simplification is used to assist ELLs in understanding mathematics test 

items as an accommodation. Abedi and Lord (2001) investigated the perceptions of ELLs 

about mathematics test items with different linguistic structures and ELLs’ preferences 

for items on mathematics tests. The researchers interviewed 19 Grade 8 students who 

represented a variety of ethnic and language backgrounds. Parallel test forms were 

presented to students, which contained both the original test items and the revised test 

items that modified nonmathematical vocabulary and linguistic characteristics. These 

linguistic features included voice of verb and relative phrases, length of nominals
2
, 

conditional and relative clauses, question phrases, and abstract or impersonal 

presentations (see also Abedi, Lord, & Plummer, 1995). Read alouds and interview 

questions were used to understand ELLs’ perceptions of mathematics test items. The 

results indicated that ELLs prefer the linguistically revised test form (prev = .63) to the 

original test form (porig = .37).  A z statistic comparison of prev and porig of 2.18 was 

significant at the p=.05 level (Abedi & Lord, 2001).  

The interview in Abedi and Lord’s (2001) study conducted with ELLs found 

preferences for the linguistically revised form over the original form, presumably they 

allow for easier comprehension, shorter item lengths, and easier vocabulary in the items. 

The read alouds provided an understanding of the difficulty of vocabulary and syntax in 

the original test item. Further, the interview transcripts appears to have frequent pauses 

                                                      

 

2
 A nominal is defined as a grammatical substitution for a noun. (Crystal, 2008) 
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that may have demonstrated interruptions of ELLs’ comprehension of test item (Abedi 

&Lord, 2001; Adams, 1990).  The interview, read alouds, and frequency counts are 

further evidence that confirm students’ preferences for test items that are less 

linguistically complex and such wording would therefore assist ELLs in understanding 

and solving a mathematical test item.
3
 

Impact of Test Format on the Performance of English Language Learners  

High-stakes assessment has a significant role in the academic and career pathways 

of ELLs. It may especially affect ELLs’ classification, promotion, and graduation, as well 

as the curriculum planning and instruction of teachers (Abedi, 2010). However, there is 

more than one way an assessment can be delivered and constructed. In large scale 

assessment, test format may have many different variations and may impact the 

performance of ELLs due to familiarity or the language employed within a certain test 

format.  

In the context of Ontario Grade 9 mathematics testing, the EQAO presents two 

types of test format: Multiple Choice Questions (MCQs) and Open Response Questions 

(ORQs).  This study only focuses on the ELLs’ performances on MCQs and ORQs.  

MCQs are defined as a test format consisting of a question or task, and three or more 

options, such that the test taker is required to select one of the options as the best 

response to the question or task. In contrast to MCQs, ORQs are defined as questions that 

require test takers to construct their own responses using sentences, phrases, or 

                                                      

 

3
 Although non-ELLs might prefer simplified wording especially if they  might have low reading ability, 

the authors did not include the regular population (non-ELLs) in this study. 
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paragraphs (Davies, Brown, Elder, Hill, Lumley, & McNamara, 1999; In’nami & 

Koizumi, 2009).  

MCQs frequently ask about relational processes to assess mathematical 

knowledge. For example, test items may ask which of the following answers is 

true/correct/the best answer (Veel, 1999). ELLs who have a first language with different 

language structures than English may be unfamiliar with constructing relations from 

causes (Schleppegrell, 2007). MCQs may contain disconnected sentences, which research 

has demonstrated to be more difficult for ELLs (Solano-Flores, 2006), however, Solano-

Flores (2006) did not elaborate upon why disconnect sentences are more difficult for 

ELLs than non-ELLs. In MCQs, ELL and non-ELL students may have difficulty in 

understanding response options that are longer in word count than standard word counts 

in MCQs and ELLs may therefore select other distracters that have fewer words (Abedi et 

al., 2008). Classical Test Theory (CTT) assumes that all distracters perform similarly and 

receive one fourth of incorrect responses (in the case of a five-choice item). CTT corrects 

for guessing using the assumptions that: (a) the incorrect responses are spread evenly 

across potential distracters, and (b) patterns of responses are constant across different 

subgroups of students taking the test. However, these assumptions are not true for ELLs 

(Abedi et al., 2008). Depending on the construct being measured, MCQs may or may not 

be the most effective test format. In contrast, ORQs may be a more effective test format 

for certain test constructs. 

In a study comparing multiple ELL groups who may not have had equal language 

ability (African-Israeli, Russian-Israeli, and native-born Israeli), results showed the 

largest difference of mathematics test performance between Israeli-born ELLs and 
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foreign-born ELLs was in ORQs, particularly with word problems (Levin & Shohamy, 

2008). This may imply that ELLs (immigrants and international students) from other 

countries may not be familiar with the test formats administered by the country ELLs are 

taking the test from. Because of a lack of familiarity with test format, they may need 

additional time and test preparation instruction to become familiar with the test format 

before they are able to understand the test.  

The wording of items in mathematics has a major influence on ELLs’ 

comprehension and ability to perform well on those mathematics tests (Staub & Reusser, 

1995). If ORQs have mathematically expressed language conveying potentially different 

meanings than their everyday English meanings, and the language was not relevant to 

what is tested, then, the ORQ may not measure the true mathematical ability of the ELLs. 

As Menken (2000) suggested that the results of ELL tend to reflect their English 

language proficiency and may not accurately assess their content knowledge or skills in 

mathematics. Academic language refers to the language in a specific subject discipline 

that is taught and assessed. For example, academic language is usually used in test items 

and the awareness of ELLs’ development of academic language by teachers may be 

ignored (Schleppegrell & O’Hallaron, 2011). In addition, test items may comprise 

academic language of all subject disciplines (e.g., English language, social arts, history, 

and geography) even though one single construct is being tested. More advanced 

mathematics may involve more language-dependent items and tasks (Lagner, 2004). For 

example, in mathematics, mathematics teachers and test developers aim to produce items 

that may relate to real life applications which allow students to connect mathematical 

constructs from smaller portions of mathematical concepts (Small, 2011).  
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It has been argued that there are no perfect test formats that function well for all 

groups of students in every situation (In’nami & Koizumi, 2009). Researchers and test 

developers need to recognize the characteristics of each test format and make appropriate 

selections for the purpose of the test in each context (In’nami & Koizumi, 2009). Past 

research appears to be inconsistent regarding test format effects in language proficiency 

tests for listening and reading sections.  

In a meta-analysis, In’nami and Koizumi (2009) reviewed 37 studies from a 

variety of sources using combinations of keywords in relation to test formats for language 

testing. The meta-analysis was done separately for ELLs and non-ELLs to investigate: (a) 

which test format, MCQs or ORQs, was easier; (b) to what degree; and (c) to identify any 

variables related to the test format effects (In’nami & Koizumi, 2009). From the 37 

studies, 15 coded variables that affect test format effects were derived. Hedges’ g 

statistic, using a pooled standard deviation and 95% confidence intervals around the 

mean effect size, was calculated to observe effect sizes of test format and the variables 

that influence test format effect.  

For non-ELLs, the effect size was g = 0.65, with confidence intervals [0.24, 1.06] 

indicating that MCQs are easier to obtain correct response than ORQs. However, this was 

not the case for ELLs on the same reading sections: their effect size was g = 0.22 [-0.23, 

0.66], which was not significant due to a zero being included in the confidence interval. 

This indicates that MCQs and ORQs are not significantly different for ELLs (In’nami & 

Koizumi, 2009). However, In’nami and Koizumi (2009) pointed out that some subsets of 

the data (e.g., studies with a between-subjects design) did show significant MCQ-ORQ 

effects for ELLs. 
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For the performance of ELLs in the listening sections of language tests, the 

overall effect size was positive with confidence intervals that did not include zero (g = 

1.11 [0.57, 1.66]). This indicates that MCQs were easier than ORQs in listening tests for 

ELLs, with a degree of difference from medium to large (In’nami & Koizumi, 2009).  

Overall, the study found that in language tests MCQs are easier to obtain correct 

response than ORQs in reading sections for non-ELLs, and in listening sections for ELLs. 

Using Dunlap’s (1999) conversion program to convert effect sizes to probabilities based 

on normal curve probabilities, the probability that MCQs are easier to respond than 

ORQs is approximately .68 in the reading test for non-ELLs and .78 in listening test for 

ELLs. The probabilities may have less impact on ELLs who may be taking in low stakes 

assesments, but a great impact on high stakes testing especially for ELLs who are located 

near the cut-off score (In’nami & Koizumi, 2009).  

 This section has briefly described the two main test format used in the EQAO 

Grade 9 mathematics test: MCQs and ORQs. As mentioned earlier, there are many 

varieties of test format and no test format can measure a test construct exactly for any 

particular student. From the literature review, test format differences may impact on the 

performance of ELLs in assessments (in some cases, MCQs are easier to obtain correct 

response than ORQs for certain language assessment skills i.e., listening and reading). 

Different test performances by test formats may be due to the lack of familiarity of test 

formats, what construct is being tested, and wording of ORQs. 

The Threats of Reliability and Validity of Testing for English Language Learners 

There are many potential sources of measurement error that may affect the 

reliability of a test. For instance, test format, unclear test tasks, problems with test 
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administration, and scoring can be problematic when ELLs are considered. Additionally, 

these sources of measurement error may either directly or indirectly affect the validity of 

the assessment because the reliability places a limit on the validity (Abedi, 2010; Allen & 

Yen, 1979).  

In a study by Solano-Flores and Trumbull (2003), test items, raters, and ELLs 

were studied employing Generalizability Theory (G Theory). The study indicated a 

significant interaction between students’ ethnic backgrounds and items. For example, 

Spanish ELLs when compared with other ELLs had more score variations, showing that 

they performed well on one item but did not perform necessarily on another item of the 

same construct. Moreover, the study demonstrated that Chinese ELLs performed more 

consistently than Spanish ELLs. These findings suggest some variation between groups 

in the assessment of the same construct. Finally, each item may require different 

cognitive skills, academic knowledge, and linguistic skills for effective comprehension 

by different ELL groups (Salano-Flores & Trumbull, 2003).  

Abedi (2006) discussed the existence of extraneous or “nuisance” variables that 

are unrelated to the construct being assessed, known as Construct Irrelevant Variance 

(CIV), within the context of ELLs. CIV is a variance that affects the validity of 

assessment, because it influences the performance of ELLs in different ways. This may 

be an additional source of measurement error and may threaten the reliability of the 

mathematics assessment for ELLs (Abedi, 2010).  

Language factors that contribute to sources of CIV may also affect the validity of 

assessment (Messick, 1994). For instance, some ELLs grasp certain parts of the English 

language (e.g., sentence structures) and vocabulary in ORQs but may not fully 
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understand the task of the ORQ. Linguistic complexity may also be a source of CIV. 

However, there is no single and consistent definition of linguistic complexity. The 

general definition of the term, linguistic complexity comprises of five interrelated 

elements that may be built into a test: (a) vocabulary, sentence structures, and 

grammatical structures; (b) task and cognitive complexity; (c) visual support and text 

features; (d) item presentation and; (e) test preparation of commonly used “test words” 

(e.g., compare, contrast, and describe) (Wagner & Christenson, 2011). If the five 

components of linguistic complexity in Wagner and Christenson’s (2011) study were 

considered in the assessment, linguistic complexity may increase the dimensionality of 

the test (Abedi, 2010). It is suspected that non-mathematical language complexity in 

mathematics test items may contain CIV (Martiniello, 2009) and thus, influence the 

reliability and validity of the mathematics test for ELLs.. 

 As discussed, measurement error can be due to many factors and threaten the 

reliability and validity of an assessment. CIV was discussed as a factor that may affect 

the validity of assessments with CIV being linguistic complex as a threat to validity for 

ELLs’ performances in assessments.  

Summary of Literature Review 

The review of literature suggests that further research should be conducted in the 

area of factors that might affect ELLs’ performance in the assessment of mathematics. In 

addition, studies of ELLs’ perceptions of mathematics have been rare. Therefore, more 

research is required concerning test format, learner characteristics, perceptions of 

mathematics and language used at home which may affect ELLs’ mathematics test 

performance. From the research, three main research purposes were derived: (a) to 
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observe ELLs’ EQAO Grade 9 mathematics test performance, and investigate significant 

differences with the languages ELLs used at home, as well as mathematics performance 

by test construct or format; (b) to identify ELLs’ learner characteristics; and (c) to use the 

identified factors (learner characteristics) to predict ELLs’ test performance. 

 

  



33 

 

Chapter 3 

Methods 

This chapter presents an overview of the measures used, description of 

participants, and the procedures of data collection.  

Measures 

 The study used two measures to address the research questions. They are: (a) the 

EQAO Grade 9 mathematics test, and (b) the questionnaire.  

EQAO Grade 9 Mathematics Test (see Appendix A) The Grade 9 mathematics 

test has a minimum of eight different versions each year. There are two administrations 

of the test distributed once every semester, each with an English and a French version. 

This study focuses on the English version of the EQAO Grade 9 mathematics test. 

According to the Ontario curriculum, the Grade 9 test offers two levels: academic and 

applied. Both levels of the test contain 24 multiple-choice items worth 24 raw points, 

comprising 46% of the total raw score. The other test format includes seven open 

response items with 28 raw score points, worth 54% of the total raw score. Test samples 

of both the academic and applied levels of the EQAO Grade 9 mathematics test can be 

found in Appendix A. A general test construction is published to allow teachers to help 

students prepare for the EQAO Grade 9 mathematics test 

(http://www.eqao.com/pdf_e/09/9e_Framework_09_web.pdf). Table 4 indicates the test 

construction of the test. In addition, the spread of Multiple Choice Questions (MCQs) and 

Open Response Questions (ORQs) across different strands of mathematics at the 

academic and applied levels is also indicated in Table 4 for the administration of the 2010 

EQAO Grade 9 mathematics test. There are two differences between the academic and 

http://www.eqao.com/pdf_e/09/9e_Framework_09_web.pdf
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applied versions of the test in test format and test construct: (a) the applied level 

curriculum does not include analytic geometry, therefore, the mathematics test does not 

include items on the analytic geometry strand; and (b) under the mathematic strand of 

linear equations, the academic level has six MCQs and two ORQs, whereas the applied 

level has 11 MCQs and three ORQs.  

Table 4 

Testing Construct/Blueprint of the EQAO Grade 9 Academic and Applied Level 

Mathematics Test (EQAO, 2009) 

Mathematical 

Strand 

Academic  Applied 

Number of 

Item Format 

Types 

Raw Score 

Points 
 

Number of 

Item Format 

Types 

Raw Score 

Points 

Number 

Sense and 

Algebra 

5 MCQ 9 raw score 

points 

(17% of total 

score) 

 7 MCQ 15 raw score 

points 

(28% of total 

score) 
1 ORQ  2 ORQ 

Linear 

Relations 

6 MCQ 14 raw score 

points 

(27% of total 

score) 

 11 MCQ 23 raw score 

points 

(45% of total 

score) 
2 ORQ  3 ORQ 

Analytic 

Geometry 

7 MCQ 15 raw score 

points 

(29% of total 

score) 

 
Not Applicable in Grade 9 

Applied Mathematics 2 ORQ  

Measurement 

and 

Geometry 

6MCQ 14 raw score 

points 

(27% of total 

score) 

 6 MCQ 14 raw score 

points 

(27% of total 

score) 
2 ORQ  2 ORQ 

Total 

24 MCQ 52 raw score 

points 

(100% of total 

score) 

 24 MCQ 52 raw score 

points 

(100% of total 

score) 
7 ORQ  7 ORQ 

 

The EQAO Grade 9 mathematics test was marked differently by test format. 

Multiple choice items were marked using a scanner. In contrast, open response questions 

were marked according to an item-specific assessment rubric for each mathematics test 
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question. A generic rubric for ORQs of the Grade 9 Mathematics test is included in 

Appendix B. Training for test scoring was conducted daily during the marking process of 

the EQAO and interrater-reliability was assessed for each test administration. Raw marks 

were later converted through an equating process to five levels of achievement (EQAO, 

2008). These levels were reported according to the Ontario Ministry of Education 

mathematics curriculum achievement rubric in which there are four levels. EQAO also 

assigns students into and reports an extra level, below level one.  

Each level provides different expectations for the Grade 9 mathematics test and 

students are placed into one of the five different levels. The highest achieving level, level 

four, used the criteria: (a) marks between 80 to 100 percent; (b) performing at a high 

degree of knowledge and understanding, thinking, communication, and application skills; 

and (c) above provincial standard. The following level, level three, expected the student 

has demonstrated: (a) a mark between 70 to 79 percent; (b) a considerable effective 

performance of knowledge and understanding, thinking, communication, and application 

skills; and (c) a mark within provincial standard. Levels two, one, and below level one 

are considered as below provincial standard. The first below provincial standard 

expectation is level two; this achievement indicated the following expectations: (a) the 

student has marks between 60 to 69 percent; and (b) some effective performance of 

knowledge and understanding, thinking, communication, and application skills. The 

expectations to achieve level one included the following: (a) student achieving a mark 

between 50 to 59 percent; and (b) a limited performance of knowledge and 

understanding, thinking, communication, and application skills (Ministry of Education, 

2005). Finally, below level 1 was given when the rater did not have enough evidence for 
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the student to achieve level 1. Alternatively, below level one was granted when there 

were no data due to lack of student responses in the mathematics test or a student 

exemption (EQAO, 2008).  

The first measure, the Grade 9 mathematics test used for this study to measure test 

performance, has marking criteria and different versions for academic and applied levels. 

This measure assesses the mathematics performance of ELLs. The second measure, the 

questionnaire, assesses and identifies learner characteristics of ELLs. The second 

measure is explained further in the next section.  

EQAO Questionnaire (see Appendix C). The second measure used for this study 

to identify learner characteristics was the questionnaire that was administered to Grade 9 

students along with the mathematics test. There were two versions of the student 

questionnaire: one for students at the academic level (total of 27 items) and one for 

students at the applied level (total of 26 items). The questionnaire included three sections: 

questions about students’ attitudes towards mathematics, student’s background, and 

students’ awareness of whether their test results will count towards class marks (EQAO, 

2008). The section on students’ attitudes towards mathematics contained 13 items for 

academic and 12 for applied. It inquired about their perceived competency in the 

mathematics strands, their enjoyment of learning mathematics, and the perceived 

applicability of mathematics for future careers. The items in the student background 

section (a total of 10 at both academic and applied levels) included mathematics course 

attendance, doing mathematics at home, age, languages spoken at home, and the number 

of elementary schools attended.  In the last section, students were asked if they knew the 

results of the EQAO mathematics test were to be included as a class mark. Additionally, 
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students were asked if they knew how much the test was worth for their summative mark 

and whether they would be motivated more to do the test if results were included in their 

class marks.  

These questions were assessed using ordinary (Likert) scales (between three to 

eight point scales) or dichotomous scales (i.e., Yes and No). For example, one of the 

questions asked how frequently ELLs speak English at home in a five-point Likert scale 

where coding is between one (Only English) to five (Only another language or other 

languages). Using the coding provided by the questionnaire data, ELLs were grouped 

according to how much English was spoken at home.  

Participants  

The participants were 2867 Grade 9 ELLs (age range between 13 to 17, of whom 

1265 were female) attending Ontario secondary schools and who were eligible to take the 

EQAO Grade 9 mathematics test in 2010. The ELLs were identified through the EQAO 

questionnaire described in the previous section. Exclusions for this study included: (a) 

ELLs who were identified with Individualized Education Plans (IEP), (b) ELLs who did 

not indicate their language spoken at home, and (c) ELLs who were given special 

provisions. These basic criteria are used for the data collection procedure to narrow the 

sample size of ELLs.  

Data Collection Procedure  

Two sources of data were used to investigate the outlined research purposes: The 

2009-2010 Grade 9 mathematics test results and the EQAO Grade 9 student questionnaire 

were obtained from the EQAO database. The database contains response from the 

questionnaire and item level raw scores of students on the Grade 9 mathematics tests. 
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Four sets of Grade 9 ELL test data were obtained: January 2010 academic level, June 

2010 academic level, January 2010 applied level, and June 2010 applied level. 

Questionnaire response data from the ELLs were matched using student identity numbers 

from the Grade 9 mathematics test results data. Initially, 6434 ELLs were obtained (3769 

in the academic and 2665 in the applied level). After excluding ELLs with IEPs and 

ELLs being provided with special provisions — a total of 3137 ELLs was obtained (2021 

in the academic level and 1116 in the applied level). In addition, ELLs who had missing 

responses in the item concerning language use at home were removed. Moreover, ELLs 

who did not complete the test or questionnaire were removed. Finally, 2867 ELLs were 

obtained (1887 in the academic level and 980 in the applied level). The raw scores from 

the Grade 9 mathematics test and questionnaire responses of the selected ELLs are used 

for the following data analysis. 

Summary of Methods 

 Two sources of 2010 EQAO data were used in this study to satisfy the 

aforementioned purposes. Data collection procedures were conducted to obtain specific 

ELLs data on their mathematics test performance data and questionnaire responses. 

Statistical analysis that included ANOVAs, regression, and factor analysis were 

completed for the three research purposes. The results are presented in the following 

chapter.  
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Chapter 4 

Results 

 The chapter has four sections. The first section presents the results of the ELLs’ 

test performance by test formats and constructs, and analyses in relation to language use 

at home (ELL groups). The second section contains results of the descriptive analysis 

from ELLs’ questionnaire responses followed by the results of factor analysis of attitudes 

towards mathematics.  Section three presents results of the regression analysis between 

ELLs’ learner characteristics and their test performance. A diagram indicating the data 

analysis is indicated in Figure 1.  

  

Figure 1 

Diagram of Data Analysis Procedure 
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ELLs’ Performance in the Grade 9 Mathematics Test 

Descriptive Analysis. Descriptive analysis was conducted on the raw scores of 

ELLs at the academic and applied levels. The results are presented in the three following 

tables. Table 5 presents the means, the standard deviations, t-values, and degrees of 

freedom of the total raw score, raw score between test formats, and constructs. Table 5 

presents the number of ELLs, by language group, derived from the EQAO Grade 9 

student questionnaire. Cronbach’s alpha values are indicated in Appendix D. 

As shown in Table 5, both academic and applied levels ELLs tend to perform 

better in MCQs. Since there are differences in test constructs, percentage scores are 

indicated separately. At the academic level, ELLs perform best at number sense and 

weakest at linear relations. At the applied level, on the other hand, ELLs tend to perform 

best at linear relations and weakest at number sense. The t-test indicated that test 

performances on both test formats are significantly different at both levels. The one-way 

ANOVA also indicated significant differences on the performances by test construct at 

both levels. Using Cronbach’s alpha, reliability scores for item deleted and total 

reliability score according to test format and the overall test were conducted and 

presented in Appendix D. The total Cronbach’s alpha for MCQs, ORQs, and the overall 

test is .75, .76, and .84 for the academic level, and .73, .76, and .84 for the applied level, 

respectively. 
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Table 5 

Descriptive statistics and percentage scores of ELLs' mathematics test performance by test 

format and test construct 

Level 

Test 

format/construct 

(raw total) 

Academic  Applied 

M (SD) t/F df  M (SD) t/F df 

Test 

Format 

Multiple Choice 

(57) 

66.96 

(11.33) 
109.51*** 1883  

55.90 

(12.46) 
62.39*** 962 

 
Open Response 

(28) 

62.98 

(6.13) 
   

45.40 

(5.93) 
  

Test 

Construct 

Number Sense 

(18 and 22)
4
 

68.11 

(4.3) 
51.37*** 

75, 

1883 
 

48.54 

(5.18) 
30.09*** 

82, 

962 

 
Linear Relations 

(24 and 43) 

60.56 

(5) 
68.94*** 

75, 

1883 
 

54.97 

(8.99) 
53.15*** 

82, 

962 

 
Measurement 

(20) 

67.41 

(4.61) 
64.32*** 

75, 

1883 
 

49.07 

(5.36) 

 

26.19*** 

82, 

962 

 Geometry (22) 
64.91 

(5.41) 
62.13*** 

75, 

1883 
 Not Applicable 

Note: ***p< . 001 

 

Table 6 represents the number of ELLs by language group for academic and 

applied level ELLs. The five groups were derived from the questionnaire item: What 

languages do you speak at home? [EQAO student questionnaire (see Appendix C)]. Not 

surprisingly, most ELLs reported that they speak another language (or languages) as 

often as English at home and mostly they speak only another language (or other 

languages) at home. However, not many ELLs at both academic and applied levels 

reported that they speak only English at home. It should be noted that some ELLs may be 

                                                      

 

4
 Number Sense and Linear Relations have separate raw scores for academic (the first 

value) and applied respectively. 
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in homestay
5
 programs, so the item may not be a true representation of the amount of 

English or other languages used at home. 

Table 6 

Number of participants by Language Groups (Language use at home) for Academic 

and Applied ELLs 

Language Group
6 

Academic Applied 

 

Only English 80 66 

Mostly English 233 106 

Another language (or languages) as often as English 601 358 

Mostly another language (or other languages) 609 271 

Only another language (or other language) 364 174 

Total 1887 975 

 

Analysis of Variance. One-way ANOVAs were conducted on the raw marks (by 

overall test, test formats, and test constructs) and language use at home (language groups) 

to assess relationship between language use at home and test performance. These were 

followed by post hoc Tukey tests to observe group differences between raw marks (by 

overall test, test formats, or test constructs) and language use at home (language groups). 

Tables 8 and 9 present the results of the one-way ANOVA between language groups and 

raw marks of total score and test format (MCQs and ORQs) at the academic and applied 

levels respectively. This is followed by Table 10 and Table 11 that present the results of 

                                                      

 

5
 Homestay programs are organized by local district school boards or schools. These 

programs place international students (ELLs) in the home of host-families. 

6
 Language groups are determined by Questionnaire item 5 in appendix A to E for 

academic and applied level respectively 
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the one-way ANOVA between language groups and raw marks of the test constructs 

(Number Sense, Linear Relations, Measurement, and Geometry). Bar Graphs to present 

significant mean differences are shown in Figures 2 to 6 for both academic and applied 

levels. 

Table 7 shows the one-way ANOVAs between ELLs’ language use at home and 

raw marks of the total test and test formats (MCQs and ORQs) at the academic level. 

There were significant differences between language groups for the overall test, MCQ, 

and ORQ scores. Post hoc tests conducted to determine which groups had significant 

mean score differences for both levels (see Figure 2 and 3). Significant mean differences 

occurred only in total score and MCQs. The language group, only another language (or 

other language) spoken at home has the highest mean score over the other language 

groups.  

Table 7 

One-way ANOVA between language groups and test format for Academic level 

Test Format 
  df 

mean 

square F Partial η
2
 

Total Raw Score Between Groups 4 1580.02 6.02*** .01 

 Within Groups 1879 262.61   

 Total 1883    

Multiple Choice Between Groups 4 977.86 7.73*** .01 

 Within Groups 1882 126.52     

 Total 1886       

Open Response Between Groups 4 100.66 2.69* .02 

 Within Groups 1879 37.49     

  Total 1883       

Note: ***p< . 001, *p<.05 
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Figure 2 

Bar Graph with Total mean scores and language use at home groups with standard error bars at 

the Academic level 

Note: different combinations of letters indicating significant mean differences, same letters 

indicates no significant differences, blank (or no letter) above standard error bars indicates no 

significant mean differences with all groups. Asterisks (*) indicating significant mean differences 

between the marked (asterisk) groups 
 

 

  

0.00

10.00

20.00

30.00

40.00

50.00

60.00

Only English

(n=80)

Mostly English

(n= 233)

Another Language

(or languages) as

often as English

(n=600)

Mostly Another

Language (or

other Languages)

(N= 608)

Only another

Language (or

other language)

(n= 363)

M
ea

n
 T

o
ta

l 
S

co
re

 

Language Used at Home 

a 

b 

a 

b 

a 

b b 
b a 



45 

 

Figure 3 

Bar Graph with MCQ mean scores and language use at home groups with standard error bars at 

the Academic level 

Note: different combinations of letters indicating significant mean differences, same letters 

indicates no significant differences, blank (or no letter) above standard error bars indicates no 

significant mean differences with all groups. Asterisks (*) indicating significant mean differences 

between the marked (asterisk) groups. 
 

Table 8 represents the one-way ANOVA between language use at home and ELL 

raw marks of test format (overall, MCQs, and ORQs) at the applied level. The results 

indicated significant differences between overall raw scores and language use at home. 

Moreover, between-group differences for total raw score of the test and both test formats 

were also significant at the applied level. Post hoc tests were completed in order to 

further determine which groups had significant mean score differences (see Figures 4 to 

6). Significant mean differences occurred in overall raw scores and both test formats 

between language used at home.  Likewise, the language group, only another language 

(or other language) spoken at home again has the highest mean score over the other 

language groups.  
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Table 8 

One-way ANOVA between language groups and test format for Applied level 

Test Format   df mean square F Partial η
2
 

Total Raw Score Between Groups 4 1603.85 5.69*** .02 

 Within Groups 958 282.09   

 Total 962    

Multiple Choice Between Groups 4 692.4 4.52** .02 

 Within Groups 970 153.03    

 Total 974      

Open Response Between Groups 4 179.3 5.19** .02 

 Within Groups 958 34.57     

  Total 962       

Note: ***p< . 001, **p<.01 

 

 

Figure 4 

Bar Graph with Total mean scores and language use at home groups with standard error 

bars at the Applied level 

Note: different combinations of letters indicating significant mean differences, same 

letters indicates no significant differences, blank (or no letter) above standard error bars 

indicates no significant mean differences with all groups. Asterisks (*) indicating 

significant mean differences between the marked (asterisk) groups 
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Figure 5 

Bar Graph with MCQ mean scores and language use at home groups with standard error 

bars at the Applied level 

Note: different combinations of letters indicating significant mean differences, same 

letters indicates no significant differences, blank (or no letter) above standard error bars 

indicates no significant mean differences with all groups. Asterisks (*) indicating 

significant mean differences between the marked (asterisk) groups 
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Figure 6 

Bar Graph with ORQ mean scores and language use at home groups with standard error 

bars at the Applied level 

Note: different combinations of letters indicating significant mean differences, same 

letters indicates no significant differences, blank (or no letter) above standard error bars 

indicates no significant mean differences with all groups. Asterisks (*) indicating 

significant mean differences between the marked (asterisk) groups  

 

Table 9 presents the one-way ANOVAs between ELL language groups and raw 

marks of test constructs (number sense, linear relations, measurement and geometry) at 

the academic level. From the results of the one-way ANOVA, all raw marks of test 

constructs indicate group differences between ELL language groups. This implies that 
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test constructs.  Post hoc Tukey tests were conducted to further investigate between group 

mean differences (see Figures 7 to 9). Significant mean differences occurred in all test 
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0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

Only English

(n=66)

Mostly English

(n=104)

Another Language

(or languages) as

often as English

(n=353)

Mostly another

language (or other

language) (n=269)

Only another

language (or other

language) (n=171)

 O
R

Q
 M

ea
n

 S
co

re
 

Language Used at Home 

a 

b b b 



49 

 

Table 9 

One-way ANOVA between language groups and test construct for Academic level 

Test Construct   df mean square F Partial η
2
 

Number Sense Between Groups 4 141.63 7.77*** .02 

 Within Groups 1882 18.23    

 Total 1886      

Linear Relations Between Groups 4 77.74 3.12* .01 

 Within Groups 1882 24.92    

 Total 1886      

Measurement Between Groups 4 63.74 3.01* .01 

 Within Groups 1882 21.2    

 Total 1886      

Geometry Between Groups 4 105.23 3.62** .01 

 Within Groups 1882 29.11    

  Total 1886      

Note: ***p< . 001, **p<.01, *p<.05 
 

Figure 7 

Bar Graph with Number Sense mean scores and language use at home groups with standard error 

bars at the Academic level 

Note: different combinations of letters indicating significant mean differences, same letters 

indicates no significant differences, blank (or no letter) above standard error bars indicates no 
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significant mean differences with all groups. Asterisks (*) indicating significant mean differences 

between the marked (asterisk) groups 

 

Figure 8 

Bar Graph with Linear Relations mean scores and language use at home groups with 

standard error bars at the Academic level 

Note: different combinations of letters indicating significant mean differences, same 

letters indicates no significant differences, blank (or no letter) above standard error bars 

indicates no significant mean differences with all groups. Asterisks (*) indicating 

significant mean differences between the marked (asterisk) groups 
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Figure 9 

Bar Graph with Geometry mean scores and language use at home groups with standard error bars 

at the Academic level 

Note: different combinations of letters indicating significant mean differences, same letters 

indicates no significant differences, blank (or no letter) above standard error bars indicates no 

significant mean differences with all groups. Asterisks (*) indicating significant mean differences 

between the marked (asterisk) groups 
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is indicated in Table 10. Between group differences were found to be significant between 
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have significant mean score differences (see Figure 10 and 11). However, only number 

sense and linear relations indicated significant mean differences at the .05 level. 
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mean score in all test constructs over the other language groups.  
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Table 10 

One-way ANOVA between language groups and test construct for Applied level 

Test Construct   df mean square F Partial η
2
 

Number Sense Between Groups 4 102.76 3.88* .02 

 Within Groups 970 26.47    

 Total 974      

Linear Relations Between Groups 4 360.51 4.53*** .02 

 Within Groups 970 79.57    

 Total 974      

Measurement Between Groups 4 95.54 3.35** .01 

 Within Groups 970 28.48    

 Total 974      

Note: ***p< . 001, **p<.01 *p<.05 

Figure 10 

Bar Graph with Number Sense mean scores and language use at home groups with 

standard error bars at the Applied level 

Note: different combinations of letters indicating significant mean differences, same 

letters indicates no significant differences, blank (or no letter) above standard error bars 

indicates no significant mean differences with all groups. Asterisks (*) indicating 

significant mean differences between the marked (asterisk) groups 
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Figure 11 

Bar Graph with Linear Relation mean scores and language use at home groups with 

standard error bars at the Applied level 

Note: different combinations of letters indicating significant mean differences, same 

letters indicates no significant differences, blank (or no letter) above standard error bars 

indicates no significant mean differences with all groups. Asterisks (*) indicating 

significant mean differences between the marked (asterisk) groups 

ELLs’ Questionnaire Responses on Mathematics 

Descriptive Analysis. Descriptive analysis was conducted on the responses by 

the ELLs on the EQAO Grade 9 student questionnaire. Table 11 shows the means and 

standard deviations in the first section of the questionnaire – attitudes towards 

mathematics of the academic and applied level students. Table 12 presents the reliability 

scores of the section. The descriptive statistics of section two and three of the 

questionnaire (Background and Mathematics as Class Marks) are indicated in the 

appendix F as no further analysis was conducted. 
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Table 11 

Descriptive Statistics for Questionnaire Responses for section one: attitudes towards 

mathematics 

Item  
Academic   Applied     

M(SD)  M(SD)    

1 (a) Like Math 2.22 (1.05)  2.39 (1.06)    

1(b) Good at Math 2.47 (.96)  2.86 (1)    

1(c) Understand Math 2.03 (.87)  2.34 (.89)    

1(d) Useful Math 2.52 (1.12)  2.19 (1.1)    

1(e) Keep Math 2.17 (1.12)  2.30 (1.2)    

1(f) Boring Math 3.49 (1.15)  4 (1.15)    

1(g) Easy Math 2.98 (1.15)  3.23 (1.08)    

2(a) Number Sense 1.97 (.89)  2.46 (.97)    

2(b) Algebra 2 (.99)  2.52 (1.06)    

2(c) Linear Relations 2.57 (1.04)  2.30 (1.02)    

2(d) Analytic Geometry 2.5 (1.13)  Not Applicable    

2(e) Measurement 2.02  (1.01)  2.30 (1.09)    

2(f) Geometry 2.19 (1.08)   2.77 (1.09)    

 

 Responses to items 1(a) to 1(g) are made on a scale from 1(Strongly Agree) to 

5(Strongly Disagree) and items 2(a) to 2(f) on a scale from 1(Very Easy) to 5 (Very 

Hard). For the first question (1(a) to 1(g)), ELLs are asked about their attitudes towards 

mathematics. The item 1(f) Boring math was recoded to an opposite direction to follow 

the scale metric of the other items. ELLs’ mean responses in the academic group ranged 

from 2.03 to 3.49, and in the applied, from 2.19 to 4. ELLs in the academic level tend to 

show some degree of agreement that they understand mathematics. Similarly, ELLs in the 

applied level show some degree of agreement that mathematics is useful for their 

academic or workplace career. However, ELLs at both academic and applied levels 
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showed a stronger degree of disagreement that mathematics is boring. This implies that 

ELLs at both levels tend to have positive attitudes in some aspects towards mathematics.  

The second question (2(a) to 2(f)) asks ELLs about their perceived mathematic 

competency on constructs from the Ontario Ministry of Education Mathematics 

Curriculum. ELLs at both levels generally find all mathematics constructs taught at 

school to be relatively easy with means ranging from 1.97 to 2.57 for academic and from 

2.30 to 2.77 for applied. At the academic level, ELLs tend to strongly agree that number 

sense is the easiest of all the mathematics constructs taught at Grade 9. Alternatively, 

linear relations were the mathematics construct the ELLs perceived to be least easy. ELLs 

at the applied level tend to find both linear relations and measurement as the easier 

constructs to learn in mathematics classes in Grade 9. However, they find geometry to be 

the least easy construct in the Grade 9 applied level mathematics classes. 

The remaining sections of the questionnaire (Background and awareness of 

whether their test results will count towards class marks) were analyzed using frequency 

tables because these items were a mix of dichotomous and ordinal scales with categorical 

variables (e.g. age, homework completion, and increments of time doing homework). 

These categories were not suitable for factor analysis nor are they appropriate for 

reliability estimates. Frequency counts for these questions are included in Appendix F. 

Several observations can be made about these results. First, ELLs at both academic and 

applied levels had computers and scientific calculators at home but were less likely to 

have had access to graphical calculators. Second, ELLs often completed their homework; 

ELLs in the academic level spent between 31 and 45 minutes to complete homework, 

however, ELLs in the applied level spent less than 30 minutes to complete their 
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homework. In addition, the majority of ELLs reported that they were never late for 

mathematics class and were only absent for one to four times over a term. Finally, ELLs 

at both levels commonly answered that they were notified by the teacher that the marks 

from EQAO were counted as 6 to 10% of their class marks. ELLs from both levels 

generally are motivated to work harder for the EQAO Grade 9 mathematics test if being 

notified that the results of the test are counted. 

Table 12 

 

Cronbach's alpha if item deleted for Questionnaire, Attitudes Towards mathematics Section 

Item 
Academic   Applied 

Item 1 Item 2 Overall   Item 1 Item 2 Overall 

Q1(a) LikeMath .72   .82  .67   .76 

Q1(b) GoodMath .74   .82  .69   .76 

Q1(c) UnderstandMath .75   .83  .71   .77 

Q1(d) UsefulMath .78   .85  .73   .77 

Q1(e) KeepMath .79   .85  .73   .77 

Q1(f) BoringMath .76   .84  .72   .78 

Q1(g) EasyMath .76   .83  .73   .78 

Q2(a) Number Sense   .69 .84    .53 .78 

Q2(b) Algebra   .69 .84    .56 .78 

Q2(c) Relations   .70 .84    .56 .77 

Q2(d) Analytic Geometry   .69 .84    Not Applicable 

Q2(e) Measurement   .69 .84    .53 .78 

Q2(f) Geometry   .69 .84    .55 .78 

Total .79 .73 .85   .74 .60 .79 

 

Table 12 indicates the reliability scores for item 1(a) to 1(g) and item 2(a) to 2(f). 

The applied level had reliability scores are much lower in item one than item two.  The 

total Cronbach’s alpha for item 1, item 2, and the overall section is .79, .73 and .85 for 

the academic level, and .74, .60, and .79 for the applied level, respectively. 
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Factor Analysis. Exploratory factor analysis with principal axis factoring and 

direct oblimin rotation was conducted for the attitudes towards mathematics section. 

Direct oblimin rotation was used because it allows factors to be correlated (Fabrigar, 

Wegener, MacCallum, & Strahan, 1999). The criteria for extracting factors were: (a) the 

Kaiser criterion that keeps factors with eigenvalues greater than one (Crocker & Algina, 

1986); (b) the scree plot to observe factors that account most of the variance and where 

the factors curve at the “elbow” point (Vogt, 2007); and (c) interpretability. Factor 

loadings on a certain factor from the pattern matrix show the relative importance to the 

factor for that item. The criterion to consider a factor loading’s importance was set at .4 

(Vogt, 2007).  The results of the factor analysis are presented in three tables. Tables 13 

and 14 indicate the factors loadings for item 1(a) to 1(g) of the academic level and 

applied level respectively. Table 15 presents the factor loadings for item 2(a) to 2(f) of 

the questionnaire for both academic and applied level. Furthermore, the total variance 

explained for item one and item two for both levels are indicated in Appendix F.  The two 

factors accounted for 62.12% and 57.03% of the total variance in the academic and 

applied level respectively. 
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Table 13 

Factor loadings and correlations for Attitudes Towards Mathematics, item one, 

Academic Level (Pattern Matrix) 

Item Perceived Mathematics Competency Mathematics Interest 

1 (a) Like Math .34 .60 

1 (b) Good at Math .90 -.05 

1 (c) Understand Math .69 .04 

1 (d) Useful Math -.09 .62 

1 (e) Keep Math .05 .41 

1 (f) Boring Math -.03 -.63 

1 (g) Easy Math .65 .03 

Note: Rotation converged in 6 iterations, The correlation between the factors is .55 at 

p<.001.  

         

 Three-factor and four-factor rotations were attempted; however the factors were 

not interpretable. Therefore, it was decided that two-factor solutions should be used for 

further analysis. Table 13 presents the two-factor solution with factor loadings based on 

the pattern matrix from the academic version. The two factors were named: perceived 

mathematics competency and mathematics interest. The first factor, perceived 

mathematics competency, contained three variables: item 1(b) Good at Math, 1(c) 

Understand Math, and 1(g) Easy Math. The second factor, mathematics interest, 

contained four other variables: item 1(a) Like Math, 1(d) Useful Math, 1(e) Keep Math, 

and 1(f) Boring Math (which loaded negatively). The correlation between the two factors 

was .55. This implies that ELLs in the academic level have two distinctive main views 

that reflect their attitudes towards mathematics: Mathematics competency and 

mathematics interest. These two main views will be considered as learner characteristics 

for further analysis.       
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Table 14 

Factor loadings and correlations for Attitudes Towards Mathematics, item one, 

Applied Level (Pattern Matrix)  

Item Perceived Mathematics Competency Mathematics Interest 

1 (a) Like Math .44 .48 

1 (b) Good at Math .81 -.00 

1 (c) Understand Math .46 .14 

1 (d) Useful Math -.12 .66 

1 (e) Keep Math .03 .51 

1 (f) Boring Math -.13 -.45 

1 (g) Easy Math .63 -.07 

Note: Rotation converged in 7 iterations. The correlation between the factors is .47 at 

p< .001 
  

Three-factor and four-factor rotations were attempted which did not yield 

meaningful factors. Therefore, it was decided that the two factor solution for applied 

level ELLs would be the best fit for the present factor analysis. Table 14 indicates the two 

factor solution with factor loadings based on the pattern matrix for the student 

questionnaire responses in the applied level. Using the values of the pattern matrix and 

the descriptions of the items, two factors were again named. The first factor contained 

three variables and the second factor contained four other variables. These items that 

contribute to the factors that occurred identically as the factors derived earlier in the 

academic level and these two factors were also significantly correlated at .47. The 

correlation between the two factors are moderately correlated which may imply these 

factors are not related. However, item 1 (a) Like Math had a split loading. Since the 

inclusion of the item 1(a) did not make sense in the first factor, it was included only in 

the mathematics interest factor. From the results of Table 14, ELLs in the applied level, 
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like those in the academic level, perceived two main aspects regarding attitudes towards 

mathematics: perceived mathematics competency and mathematics interests. 

Table 15 

Factor loadings and correlations for Attitudes Towards Mathematics, item two, 

Academic and Applied Level  

Item 

Academic   Applied 

Perceived Numerical 

Mathematics Ease 

Perceived Spatial 

Mathematics Ease 
  

Perceived 

Mathematics 

Ease 

2 (a) Number Sense .40 .20  .52 

2 (b) Algebra .45 .19  .45 

2 (c) Linear Relations .72 -.13  .44 

2 (d) Analytic geometry .63 .02   

2 (e) Measurement -.01 .75  .52 

2 (f) Geometry .04 .68  .48 

Note: Rotation converged in 6 iterations for Academic, The correlation between the 

factors is .52 at p<.001. 
    

 Three-factor and four-factor rotations were conducted for the second question for 

both academic and applied levels, however the factor loadings for both levels did not 

provide interpretable factors, thus, two-factor rotations for the academic level and one-

factor rotation for applied level was conducted. Table 15 shows the factor loadings for 

both academic and applied levels on the second question (Item 2(a) to item 2(f)) and 

factor correlations for the academic level. For the academic level, two factors were 

found: perceived numerical mathematics ease and perceived spatial mathematics ease. 

The first factor is defined by item 2(a) number sense, 2(b) algebra, 2(c) linear relations, 

and 2(d) analytic geometry. This factor was named as perceived numerical mathematics 

ease because these aspects of mathematics tend to conduct numerical calculations. The 
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second factor, perceived spatial mathematics ease was derived from items 2(e) 

Measurement and 2(f) Geometry, aspects of the mathematics curriculum involving 

diagrammatic and spatial mathematical practice. These two factors were moderately 

correlated at .52 implying the two factors may be related. For the applied level, all items 

loaded on one factor, perceived mathematics ease.  

Two factor models for academic and a one factor model for applied were derived 

(see Appendix F). For academic, the two factors accounted for 60% of the total variance.  

For the applied level, one factor model was derived which accounted for 38.67% of the 

variance.  

From the results of Table 15, ELLs in the academic level may view mathematics 

ease as two constructs: numerical and spatial mathematics. In contrast, ELLs in the 

applied level may view mathematics ease as one construct and might not see mathematics 

as multiple constructs.  

Learning Characteristics as Predictors of Mathematics Test Performance 

Regression Analysis. Learner characteristics were derived from the previous 

factor analyses. The factors extracted from the section one of the questionnaire were used 

to analyze how well the identified factors predict the performance of ELLs in the EQAO 

Grade 9 mathematics test because those factors are attempted measures of attitudes 

towards mathematics and may be significant predictors to test performance (Ecckes & 

Wigfield, 2002). Regression analyses was conducted with the factor composite scores as 

the predictor variables and the ELLs’ total raw scores in the EQAO Grade 9 mathematics 

test as the outcome variable. Composite scores were calculated by averaging the items of 

the factors in the previous analyses.  This method was used for easy interpretation and to 
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retain the scale metric. In addition, composite scores may be useful to conduct 

comparisons between factors when there are different items per factor (Distefano, Zhu, & 

Mindrila, 2009).  For the academic level, four learner characteristics of ELLs were used: 

perceived mathematics competency, mathematics interest, perceived numerical 

mathematics ease, and perceived spatial mathematics ease. However, for ELLs in the 

applied level, three learner characteristics were derived: perceived mathematics 

competency, mathematics interest, and perceived mathematics ease. For those items that 

counted for each learner characteristics, ELL questionnaire responses were calculated 

together by averaging the items. Other learner characteristics such as mathematical 

resources (Computers and scientific and graphical calculators) at home and mathematics 

class attendance selected from the other sections of the student questionnaire were also 

included for further regression analysis. Composite scores of items were conducted by 

averaging item responses to obtain the independent variable: resources for Q3a Computer 

at home, Q3b Scientific calculator at home, and Q3c Graphical calculator. The attendance 

variable was also calculated from the questionnaire items, Q7Absent for mathematics 

classes and Q8Late for mathematics classes. The results of the regression analysis are 

presented in two tables. Table 16 shows the results of the regression analysis of learner 

characteristics and total raw scores of the academic level, and Table 17 for the applied 

level. 

Table 16 shows the results of the regression analysis of the four learner 

characteristics against the total raw score of ELLs in the academic level of the EQAO 

Grade 9 mathematics test. All four learner characteristics were placed together into one 

single model and the overall model was found to be significant. All learner characteristics 
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were significant at .001 except for mathematics interest that is significant at .01. 

Moreover, mathematics interest is a negative significant predictor. This implies that 

perceived mathematics competency and perceived numerical and spatial mathematics 

ease are predictors of ELLs’ mathematics test performances. However, mathematics 

interest is negative (inverse) predictor of ELLs’ mathematics test performance. In 

addition, resources and attendance were conducted into a separate model which indicated 

a low R
2
 value, but both resources and attendance are significant predictors of 

mathematics test performance at .05 and .001 respectively. 

Table 16 

 

Regression on Composite Scores of Learner Characteristics and Total Raw Score  for 

Academic 

Learner Characteristics B SE β F df R
2
 

Overall Model 1    183.52*** 4, 1865 .28 

Perceived Mathematics Competency 7.50*** .39 .52    

Mathematics Interest -1.69** .64 -.06    

Perceived Numerical Mathematics Ease 2.06*** .57 .09    

Perceived Spatial Mathematics Ease 2.93*** .40 .17       

 

Overall Model 2    47.56*** 2, 1871 .05 

Resources 3.80* 1.6 .05    

Attendance 5.34*** .58 .21    

Note: ***p<.001, **p<.01, *p<.05       

 

The regression analysis results between the applied level ELLs’ learner characteristics 

composite scores and total raw marks of Grade 9 mathematics test are shown in Table 17. 

From the results of the factor analysis, three learner characteristics were derived at the 

applied level compared with four learner characteristics at the academic level. In the 

model perceived mathematics competency and perceived mathematics ease were 
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significant predictors of mathematics test performance for applied ELLs. Mathematics 

interest is also a negative (inverse) predictor of mathematics test performance. The other 

learner characteristics, resources and attendance were not significant predictors of 

mathematics test performance. 

Table 17 

 

Regression on Composite Scores of Learner Characteristics and Total Raw Score for the 

Applied level 

Learner Characteristics B SE β F df R
2
 

Overall Model 1    51.67*** 3, 936 .14 

Perceived Mathematics Competency 4.69*** .82 .21    

Mathematics Interest -1.62 .97 -.05    

Perceived Mathematics Ease 6.08*** .97 .23       

       

Overall Model 2    1.63 2, 954 .01 

Resources .05 1.97 .01    

Attendance 1.30 .72 .06    

Note: ***p<.001       
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Chapter 5 

Discussion  

This study examined the effects of different test formats and constructs, learner 

characteristics, and attitudes towards mathematics on ELLs’ performance in the EQAO 

Grade 9 mathematics test. In this final chapter, results are discussed in the context of 

research literature and the research questions of the study. Then the limitations and 

implications of the study are presented, followed by the conclusions. 

ELLs’ Test Performance by Test Formats and Constructs in Relation to Language 

Used at Home 

With regards to ELLs’ mathematics performances by test format, the results 

indicate that ELLs at both the academic and applied levels scored higher on MCQs than 

ORQs. This study focused on ELLs only, and did not compare with non-ELLs’ 

performance in the Grade 9 mathematics test to determine further findings. There are 

some plausible explanations for ELLs  performing lower in ORQs than MCQs. Firstly, 

ELLs tend to have higher performances when mathematical constructs are abstract 

(Wright & Li, 2009). Further, MCQ mathematics tasks and test items are less language 

demanding /and contain simple mathematical operations such as the substitution 

operations in appendix A, item one. ORQ on the other hand, tend to assess students’ 

problem solving and mathematical investigation skills (Gullie, 2011). ORQs attempt to 

provide students with real-world applications using mathematical questions to increase 

their understanding of mathematical computations (Small, 2012). These real-world 

applications may be culturally different from the ELLs’ home schooling background and 

can confuse ELLs who may lack an understanding of the Canadian real-world context 
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and they have to communicate their understanding through English, and these students, 

thus, may misinterpret such test items. For example, in appendix A, item 5 in the applied 

level test, asked students to calculate the number of students attending a dance. However, 

some ELLs may be confused on the definition of “dance” since ELLs’ prior schooling 

background may not have afterschool activities such as dances or charity events. Doe, 

Cheng, Fox, Klinger, and Zheng (2011) suggested that newly arrived ELLs who have no 

test experience in Canada may be confused by the standardized testing procedures, 

guidelines, and time limits. They are also challenged as they can not use dictionaries and 

translators that are usually provided during classroom assessments, but are prohibited to 

use in the EQAO Grade 9 mathematics test or the OSSLT. These test conditions may 

affect their understanding of certain ORQs tasks or items. Another reason behind the 

weak performance may be due to the difficulties in translating mathematical texts (such 

as questions in ORQs) into mathematical symbolic representations, which could be the 

results of poor reading comprehension (Duru & Koklu, 2011) and possibly weak writing 

skills to respond to ORQs. Barbu and Beal (2010) also suggested that ELLs must devote 

greater cognitive efforts than non-ELLs when translating mathematical statements into 

simpler mathematical language to understand and interpret an ORQ. With high cognitive 

demands, less working memory resources are available for the ELLs to solve 

mathematical problems, conduct procedures, and finally summarize and check their 

solutions (Barbu & Beal, 2011) which may have explained the lower marks on ORQs. In 

addition, ELLs having weak writing skills may find difficulty to explain their answers to 

ORQs. ELLs who have weak writing skills may be scored on the ORQ in the ineligible or 

in lower categories according to the EQAO ORQ rubric (see appendix B).  
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In regards to test constructs, ELLs in the academic level scored best in the section 

testing number sense and worst in the section testing linear relations. ELLs in the applied 

level, on the other hand, scored best in the linear relations and worst in number sense. 

There are some possible reasons that may explain why ELLs at different levels have 

opposite behaviors of test performances in different test constructs.  

First, regarding the Ontario curriculum expectations and test constructs, 

Suurtamm (2012) stated that the EQAO test (and the test constructs on the testing 

blueprint) cannot cover all of the curriculum expectations. In particular, mathematics 

investigations are not assessed in the EAO Grade 9 mathematics test but are required by 

the curriculum. In addition, EQAO test developers have chosen test items that represent 

small portions of the mathematics curriculum that are easily assessed (Suurtamm, 2012). 

Therefore, these test constructs may not evaluate all important expectations within the 

mathematics curriculum and may not match with the teaching of mathematics at the 

Grade 9 level.  

Second, the differences in the performance of test constructs may be explained 

from the perspective of systemic linguistics (described in chapter 2). Systemic linguistics 

(in the mathematical context) is highly dependent on graphical and visual displays 

(O’Halloran, 1998), which teachers use to explain the mathematical constructs such as 

linear relations in their classroom teaching. The increase use of tools used in applied 

levels may explain the variable test performance differences between academic and 

applied level.  

Third, certain test constructs may also be harder for ELLs. Emenogu and Childs 

(2005) reported that certain items in the test construct of measurement and geometry 
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exhibit differential item functioning which disadvantaged students with weaker language 

proficiency (i.e., ELLs) in the 2001 School Achievement Indicators Program 

Mathematics Assessment. In relation to the results of the present study, ELLs had 

variable performances by test constructs and this may be related to test construct 

difficulty in certain constructs that ELLs’ found harder to grasp due to lower language 

proficiency and their prior schooling.  

Fourth, ELLs’ higher (or lower) performance in certain mathematical constructs 

may also reflect the level of details teachers devoted to a specific unit/topic (Emenogu & 

Childs, 2005) and the time spent on more complex mathematical topics. Such teaching-

related factors might lead to students not having efficient time to reflect on what was 

taught, practice skills, and structure new topics in mathematics classes (Consentino, 

2012) leading to ELLs having a stronger or weaker grasp on specific mathematics test 

constructs.  

Finally, cultural and educational features in teaching and learning mathematics 

may also explain why ELLs have weaker performance on certain test constructs. ELLs 

may also have cultural differences that affect their understanding of units of measurement 

and geometry since unit systems may be different from those used in their home countries 

(Emenogu & Childs, 2005).  

Regarding to different performance on test formats and constructs, ELLs’ 

mathematics performance is also related to the language use at home. The results 

indicated ELLs had significantly different performance by test format by languages used 

at home. According to Zheng, Klinger, Cheng, Fox, & Doe (2011), the use of English at 

home may be a factor that predicts English literacy and educational achievement. The 
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results of the present study also suggest that the language of use at home may affect 

achievements in other academic areas such as mathematics. In the post hoc test, 

significant mean differences between language groups (language use at home) occurred 

only in MCQs for ELLs in the academic level.  Most of the significant mean differences 

occurred between ELLs’ language groups in the applied level, especially with students 

who only speak English and those who speak other language at home by both test formats 

as shown in Figures 5 to 7. 

The results show that different language groups had different mean performance 

by test format and test construct. At both the academic and applied levels, ELLs who 

speak another language (or any other language) at home performed better than ELLs who 

only speak English at home. This result is surprising, but confirming with previous 

studies (e.g., Zheng, 2005).  It is possible that Only English and Mostly English groups 

are those Canadian born ELLs as discussed in chapter one and in Cheng (2012) and 

Ministry of Education (2007) categories. They could be also be ELD students who have 

been identified at risk and have low language literacy and achievement (Jang , Kim, Gu, 

Zhang, Wu, & Wagner, 2009; McGloin, 2011). This result has also supported Zheng 

(2005) for the OSSLT results of ELLs who speak varieties of languages at home. In 

regards to literacy development of bilingual students, the three main hypothesis: (a) 

common underlying proficiency (Cummins, 1996), (b) threshold hypothesis (Cummins, 

1979), and (c) interdependence hypothesis (Alderson, 1984) can be considered here to 

explain the lower performance of ELLs who speak only English at home. From the three 

hypotheses, ELLs who have higher cognitive skills in terms of language development in 

their first language helps ELLs to transfer their development in their second language. 
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But ELD students or Canadian born ELLs who may not have these higher level skills or 

strategies to transfer from their first language literacy to their second language to 

understand mathematical tasks in their second language. In relation to mathematics, Ni 

Riordian and O’Donoghue (2009) found that ELLs with different language proficiencies 

in their first language and in their second language performed differently on mathematics 

tests due to their language development in both first and second languages. In addition, 

Dawe (1983) and Clarkson (1992) had supported that bilingual students who are 

proficient in their first and second language perform significantly better in mathematical 

vocabulary and in ORQs than bilingual students with one dominant language.  

The results also showed that ELLs’ performance by test constructs was 

significantly different from their performance in languages used at home. The post hoc 

test indicated that significant mean differences occurred between language groups and 

test constructs performances: number sense, linear relations, and geometry at both the 

academic and applied levels. Two possible reasons for these significant interactions are: 

(a) the students may not be familiar with mathematical vocabulary used in certain 

constructs, and (b) the terminology may not be taught during classes to prepare students 

for the Grade 9 mathematics test. Existing literature has not confirmed the 

aforementioned reasons; this study’s result however, has identified the need for additional 

research to determine whether the knowledge of mathematical vocabulary and unfamiliar 

terminology of ELLs may influence their test performance. The mean performances of 

ELLs from different language groups (language used at home) by test constructs had 

similar results with the performances of ELLs from different language groups by test 

formats. This result may also be due to the ELLs who speak are Canadian born ELLs or 
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ELD students who may have both weak first and second language literacy. In addition to 

the aforementioned hypotheses of Cummins (1976; 1996) and Alderson (1998), 

subtractive bilingualism (Wong Fillamore, 1991) should also be considered to describe 

the performances ELLs who speak only English or mostly English at home. Those ELLs 

who speak only English or mostly English at home in their early childhood may have 

their first language being “eroded” while the second language is being the dominated 

language that is used in the school environment. The erosion of the first language also 

affected the cognitive skills of the first language which ELLs can no longer use or being 

transferred to their second language. This may affect ELL in their ability to conduct 

mathematical skills or even reading test items. As these students grow and enter the 

secondary school system, these students may be in the transition between BICS and 

CALP (Cummins, 2008) and their oral English may “sound good” and disguise their lack 

of development in higher levels of reasoning and cognitive ability for test thus having 

lower performances in math tests. 

Learner Characteristics in Relation to ELLs’ Test Performance 

 Factor analysis identified four main learner characteristics from the attitudes 

towards mathematics section of the EQAO Grade 9 student questionnaire. All four 

learner characteristics are moderately correlated, implying that the four learner 

characteristics may be four different aspects of attitudes towards mathematics. From the 

first set of questionnaire items, both academic and applied ELLs showed two main 

aspects of their attitudes towards mathematics: perceived mathematics competency and 

mathematics interest. Based on the second questionnaire item, ELLs in the academic 

level viewed mathematics ease in two separate mathematical aspects: perceived 
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numerical mathematics ease and perceived spatial mathematics ease. ELLs in the applied 

level, on the other hand, viewed mathematics ease as a whole construct. From the four 

learner characteristics — perceived mathematics competency, perceived numerical 

mathematics ease, perceived spatial mathematics ease, and perceived mathematics ease 

— were found to be significant predictors for ELLs’ test performance. 

The findings regarding perceived mathematics competency and mathematics 

interest were similar to those of Nasser-Abu Alhija and Amasha (2012) and Wigfield and 

Cambria (2010). Perceived mathematics competency is similarly related to mathematical 

self-efficacy, which is defined as “one’s confidence in his/her ability to solve 

mathematical problems” (Nasser-Abu Alhija & Amasha, 2012, p.10).  Mathematical self-

efficacy is also positively associated with mathematics achievement (Nasser-Abu Alhijia 

& Amasha, 2012). The definition of mathematical self-efficacy covers questionnaire 

items from the EQAO that asked whether students were good at mathematics, could 

understand mathematical concepts, and found mathematics an easy subject (i.e., Q1(b), 

(c), (g)). The positive association between mathematical self-efficacy and mathematics 

achievement is consistent with the results showing that perceived mathematics 

competency is a predictor ELLs’ mathematics test performance at both levels. 

Wigfield and Cambria (2010) identified motivational constructs regarding 

students’ values and efforts in the responses to previous EQAO Grade 9 student 

questionnaire. Three main motivational constructs were identified: intrinsic values, utility 

values, and achievement values (Wigfield & Cambria, 2010). The factor mathematics 

interest follows the same element in regards to motivation as Wigfield and Cambria’s 

(2010) three main constructs. For example, the questionnaire items asking students if they 
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like mathematics attempts to measure intrinsic values, and asking if students find 

mathematics useful may measure utility values. However, ELLs’ mathematics interest 

was found to be a nonsignificant predictor of mathematics test performance and Wigfield 

and Cambria (2010) did not further investigate to determine whether motivational 

constructs predicted test performance. 

ELLs in academic and applied levels have different views on easiness in one or 

two aspects of mathematics. ELLs’ differing perceptions of mathematics easiness may be 

due to the interpretation of curriculum expectations by teachers (Emenogu & Childs, 

2005). Such different interpretations of curriculum may change ELLs’ perceptions of 

easiness of mathematical constructs. Referring back to the mathematics curriculum, the 

general aim between academic and applied level teaching is the difference between 

theoretical and practical (or hands-on situations) ways of teaching mathematics (Ministry 

of Education, 2000). With hands-on applications, ELLs in the applied level may find 

mathematical concepts to be easier to understand and connect different mathematical 

constructs to understand other mathematical concepts. On the other hand, theoretical 

applications may also help ELLs in the academic level to understand numerical and 

spatial mathematic concepts. Teachers may focus on factors such as the curriculum 

expectations of academic and applied level (i.e., theory or hands-on application), the 

amount of detail of the mathematical topic that they feel comfortable teaching, and 

mathematical constructs that will be reflected in their teaching of mathematics (Emenogu 

& Childs, 2005). These factors may also influence ELLs’ views on mathematics ease as a 

separate constructs or as a single construct . 



74 

 

The results showed numerical and spatial mathematics ease to be significant 

predictors of test performance in the academic level. Perceived mathematical ease in 

specific mathematical constructs falls under the definition of mathematical self-efficacy. 

As mentioned, mathematical self-efficacy predicts mathematics performance (Nasser-

Abu Alhija & Amasha, 2012), which is also consistent with the results that perceived 

numerical and spatial mathematical ease are significant predictors as mathematics 

performance. In addition, numerical and spatial mathematics may consist of basic 

mathematical operations that are considered as mathematics background from previous 

skills learned in earlier education. Abedi and Herman (2010) found that ELLs’ 

mathematics background is a significant predictor for future test performances which 

supports the results of this study.  

Other learner characteristics such as mathematics course attendance and resources 

were also found to be significant predictors for ELLs’ mathematical test performance in 

the academic level, but not at the applied level. Mathematical resources such as Graphical 

calculators and computers provide visual representations of mathematics that could 

potentially increase students’ understanding of abstract mathematical constructs and more 

complex operations in mathematics (Heller & Curtis, 2005). For ELLs who tend to have 

low English language proficiency, the use of graphical calculators can increase their 

understanding of mathematical concepts (Robertson, 2009). With regards to course 

attendance, attendance may be related to mathematics competency, thus indicating high 

test performance for higher achieving students. This relation is consistent with Howie’s 

(2002) study on high achieving South African students on mathematics tests in English. 
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Limitations 

 It is important to consider the limitations to this study. Firstly, the present study 

focused on ELLs alone, and did not investigate how non-ELLs perform in the EQAO 

Grade 9 mathematics test. Therefore it was not possible to identify whether ELLs are 

performing worse or different than non-ELLs and limits the findings from the present 

results. Secondly, in regards to the questionnaire, the responses are self-reported by 

ELLs. Therefore, responses on the attitudes towards mathematics, background, and 

EQAO results as class marks sections were not confirmed by the teachers who teach the 

ELLs, so the responses may not be accurate (Hemmings, Grootenboer, & Kay, 2010).  

Perhaps the questions need to be refined or the number of items to be increased to help 

and derive clearer factors of learner characteristics. Thirdly, The second section of the 

questionnaire on students’ background contains multiple constructs of habits in doing 

mathematics, using resources, the background of students, and contains a mixture of 

dichotomous and ordinary scale items that did not have common scales; this mixture has 

prevented statistical analysis to predict test performances.  

In addition, due to the lack of items being included for analysis from the EQAO 

student questionnaire (i.e., only 13 questions out of 27 questions were used for this 

study), only simple data analyses were conducted. Otherwise, more complex statistical 

analysis on learner characteristics could be conducted such as Structure Equation 

Modeling. These models can be created to fit all variables to determine more predictors 

for ELLs’ mathematics performance (Grant, Cook, & Phakiti, 2011), which is more ideal 

when compared with the analysis procedures used by this study.  
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Thirdly, there is a lack of in-depth information on ELLs’ background, e.g., length 

of stay in Canada/English speaking countries, ESL course currently attending, or their 

mental ability (verbal and nonverbal IQ). These variables are important to understand 

literacy development of ELLs (Kunnan, 1998; Zheng, 2005). As literacy development 

may affect the comprehension and performance of mathematical test items in assessments 

or complex mathematical tasks and investigations. The language groups derived from the 

questionnaire item of language use at home may be a proxy indicator of language 

proficiency. It takes a number of years for ELLs to slowly develop basic levels of 

language proficiency e.g., BICS to CALP (Cummins, 2008). Further, language skills in 

reading and writing may take longer time to develop than oral skills. Even if ELLs are 

exposed to an English speaking environment at home, daily verbal English conversations 

may not cover mathematical problem solving and may not assist ELLs to understand 

further mathematical constructs. For bilingual students discussion of mathematical topics 

according to Fishman’s (1965) framework described in the second chapter may be harder 

to achieve than non-ELLs (Janzen, 2008; Ron, 1999).   

Regarding the test measure used in this study, the EQAO Grade 9 mathematics 

test offers two versions for the academic and the applied programs. However, many 

school boards offer more levels or alternative programs for the Grade 9 mathematics 

course, e.g., Grade 9 challenge and Grade 9 locally developed levels. Where Grade 9 

locally developed level students do not participate in the EQAO Grade 9 mathematics test 

and students in the Grade 9 challenge program may be placed into the academic level. 

Therefore, having data at only two levels does not cover all ELL outliers who are in 

alternative programs. Likewise, these alternative programs do not have standardized 
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curricula and large-scale assessments for these levels are not developed, thus, no 

information or research has been conducted for ELLs who attend these alternative 

programs. Nevertheless, Cosentino (2012) suggested that students in these alternative 

programs have higher performance on ORQs in classroom assessments; stronger 

strategies to problem solve, and could apply better their understanding of mathematics in 

real-life situations. At times, ELLs are placed into these programs due to strong 

mathematical backgrounds but may have weak English language proficiency. Complex 

mathematical vocabulary in ORQs or in certain constructs, familiarity of test format, and 

mathematical investigation tasks (such as, alternative assessment) may hinder ELLs even 

if they are placed in highly academic alternative programs.  

These limitations regarding the instruments and the analysis procedures of the 

study should be considered in further studies on ELLs and mathematics test performance. 

For example, another study could be carried out for those ELLs’ with special provisions 

which this study has excluded.  

Implications  

Despite the limitations, this study has implications for both research on large-

scale assessment involving ELLs and the teaching of mathematics to these students.  

Implications for Research. This study examined the effects of variables such as 

learner characteristics, test formats and constructs, and language use at home in relation 

to ELLs’ mathematics test performance on the EQAO Grade 9 mathematics test. 

However, other potential variables were not observed in depth and some learner 

characteristics may not be well understood.  
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Firstly, non-ELLs are not included in the present study, it may be beneficial for 

future research to compare ELLs’ and non-ELLs’ test performance by test format, 

construct, and attitudes towards mathematics. This will inform whether non-ELLs are 

affected by the same factors on their mathematics test performance. Further, it is also 

beneficial to examine differences in learner characteristics between ELLs and non-ELLs.  

EQAO has assumed that ELLs are a homogenous group as the definition provided 

by the Ministry of Education which covers many individual students with different 

language proficiencies and backgrounds (in schooling) to be ELLs (EQAO, 2008). 

According to the ESL curriculum, ELLs are placed into different level classes (ESLAO to 

ESLEO) which may reflect on their development of English language skills. The variable 

language use at home on the questionnaire is an insufficient measure of differentiating 

ELLs. The status of ELLs is heterogeneous rather than homogeneous (Abedi, 2006), and 

their language literacy and mathematical knowledge may change by the length of stay in 

Canada, and family situations (e.g., change of homestay family). It may be valuable for 

researchers to study whether first language literacy affects ELLs’ development of a 

second language. This research purpose can be used to predict mathematics performance 

in which the language medium of the test is the students’ second language (Zheng, 2005), 

e.g., the EQAO Grade 9 mathematics test.  Additionally, more questionnaire items could 

be created to understand the first language literacy background or the phase of second 

language literacy development that can then be used to predict test performance.  It may 

also inform the appropriateness of ELLs’ placement into specific ESL courses as 

mathematics background and performance is an essential diagnosis of English language 

proficiency and the placement of ESL courses (Ministry of Education, 2007). For 
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example, future research could collect data asking ELLs about which ESL course (i.e., 

ESLAO, ESLBO, ESLCO, ESLDO, and ESLEO) they are attending. Advanced analysis 

can then be conducted on revised questionnaire response data to differentiate ELLs based 

on their language course groups and test performances. Another disadvantage on the 

assumption of homogeneity of ELLs in the data was obscuring students who are in the 

English Literacy Development program (ELD). Research has demonstrated that this 

group is most vulnerable in large-scale testing (Cheng, Klinger, & Zheng, 2009). 

 The socio-economic status (SES) of ELLs (Zheng, 2005) is another important 

variable that is worthy of future investigation. As Lubienski (2007) found, students with 

low SES have weaker skills in problem solving, presenting mathematical knowledge on 

assignments, and low attitudes towards difficult mathematical problems.The EQAO 

student questionnaire contains items that ask students if they have a variety of essential 

resources to assist in learning mathematics, e.g., scientific and graphical calculators and 

computers, which may be indicators of SES. However, the data provided from the student 

questionnaire are not sufficient to accurately measure an ELL’s SES. Another measure 

such as Education Quality Indicator Program (EQUIP) was used by Zheng (2005) to 

provide more information of ELLs’ SES. SES may be a significant factor that affects 

ELLs’ test performance in mathematic tests or tasks. Gender differences between ELLs 

may also influence mathematics performance. The present study did not include gender 

as a variable for data analysis although there has been a wide interest and investigation of 

the effect of gender differences on mathematical test performance. There has been a lack 

of research on the effect of gender differences on specific populations such as ELLs 
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(Hemming et al., 2010); therefore, an investigation of gender among ELLs should also be 

conducted. 

Another factor that should be included in future research is the sense of 

motivation held by ELLs especially considering the situation when the raw marks of the 

EQAO Grade 9 mathematics may be counted as course marks (summative marks) of the 

final grade for the Grade 9 mathematics course. Due to the lack of questionnaire items 

(i.e., four items) in this section and a mixture of dichotomous and ordinary scaled items, 

only simple frequency counts were conducted and no further statistical analysis was 

done. Kozlow (2011) reported that counting the EQAO Grade 9 mathematics test has 

caused students and teachers to take the test more seriously. Future research should 

investigate whether ELLs’ motivation may influence test performance in comparison 

with non-ELLs.  

Finally, test accommodations for ELLs may also be an area of research to 

investigate, and identify effective accommodation strategies for ELLs. Kieffer, Lesaux, 

Rivera, and Francis (2009) found the use of dictionaries for ELLs to be the only effective 

accommodation in language testing, but the special provisions that were used by the 

EQAO in Ontario have been rarely investigated and evaluated to determine if ELL 

accommodations are effective. Finally, to confirm results of this study, future studies can 

replicate this study for other administrations of the EQAO Grade 9 mathematics tests.  

Implications for Practice. The results of this study may inform  mathematics 

teachers need to understand more about the back ground of ELLs and ELLs language 

literacy development as ELLs mathematical achievement may be influenced by both of 

their first and second language literacy development. With significant differences 
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between language use at home (i.e., language proficiency) and ELLs’ test performance, 

Teachers need to know that ELLs cannot be viewed as a homogenous group of students 

and have equal language proficiency and mathematics background (Zheng, 2005). ELLs 

were performing differently in test format and constructs shows a need for educators to 

teach ELLs about large scale testing and about the various test formats used in the test, 

especially, for those ELLs newly arriving to the country (Bronwyn, 2002). Teachers may 

consider providing strategies for students to answer ORQs in a mathematics test and 

reallocate instruction time on mathematic constructs that students are likely to struggle 

with in class and in the EQAO test. In regards to supporting ELLs’ language 

development, it is crucial that teachers teach specific mathematical vocabulary and 

increase opportunities for ELLs to communicate about mathematics in and out of the 

mathematics classroom (Brown, Cady, & Lubinski, 2011). As perceived mathematics 

competency, and perceived numerical and spatial mathematics ease to be significant 

predictors of test performance of ELLs, it is highly encouraged that teachers continue to 

encourage and motivate ELLs’ in mathematics classes. 

Conclusions 

This study has addressed the research gap by examining ELLs’ mathematics 

performance by test formats and constructs and by identifying learner characteristics and 

their relationship to test performance. With the increase of ELLs in Ontario and  

international students who are experiencing Canadian education, studies of this nature 

will continue to inform the behaviors of ELLs in learning mathematics in relation to their 

mathematics test performance and how specific groups of ELLs deal with the testing of 

mathematics via English in large-scale provincial testing.  
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  The results of this study have provided information on ELLs’ mathematics 

performance differences by test formats and constructs between ELLs who enrolled into 

the academic and applied courses. The study also indicated the positive relationships 

between ELLs test performance and learner characteristics (Attitudes towards 

mathematics) in learning mathematics. ELLs who use languages other than English at 

home have significantly different test performances by formats and constructs. In 

particular, ELLs who speak another language (or other languages) at home may have 

higher achievements in mathematics than ELLs who speak only English at home (who 

may be Canadian ELLs and have weak literacy skills in both first and second language). 

In addition, the findings showed that perceived mathematics competency and perceived 

mathematics ease are predictors of ELLs’ mathematics test performance. Moreover, the 

use of technology at home and class attendance are significant predictors of ELLs’ test 

performance. In order for ELLs to be successful in mathematics, more language support 

or the use of technology (e.g., computers, scientific and graphical calculators) in 

mathematics classes should focus on various constructs of mathematics where ELLs are 

weak (for example, linear relations for academic level and number sense for applied 

level). Educators should also focus more on the language of mathematics in and out of 

classrooms to allow ELLs develop more mathematical knowledge and skills to interpret 

and comprehend ORQs. The position statement of the National Council of Teachers in 

Mathematics (NCTM) states: 

Students who speak a first language other than English or have related cultural 

differences must not face special barriers to learning mathematics. 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 develop 

mathematical understanding and proficiency. Mathematics teachers should have 
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knowledge of content and pedagogy that support ELL students, including an 

understanding of the role of the first language. All students should study a 

comprehensive mathematics curriculum with high-quality instruction and 

coordinated assessment (NCTM, 2008, p.1)  

 

The final conclusion refers  back to the title of the study – “Testing mathematics 

or testing English? The Education Quality and Accountability Office (EQAO) 

mathematics assessment for English language learners.” the answer is both. With the 

English language factor (language use at home) being associated with mathematics 

performance, the EQAO mathematics test not only tested mathematics, it also tested 

mathematics through the English language. As different performances were indicated by 

the preference of language ELLs choose to speak at home may reflect their first and 

second language literacy skills which may affect their language development and 

achievement. Menken (2000) explained that the results of ELLs in National Assessment 

of Educational Progress tests tend to reflect their English language proficiency and may 

not accurately assess their content knowledge or skills in mathematics. Moreover, this 

would weaken the validity of the test for ELLs. Canada as a country welcomes 

immigrants with multiple cultural differences and linguistic backgrounds. Ontario 

education system needs to embrace and be aware of diverse backgrounds of ELLs. Test 

developers, educators, and researchers should collaborate and refine the tests to 

accurately measure ELLs’ mathematics skills.   
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Apendix A: Sample Test MCQs and ORQs for EQAO Grade 9 

Mathematics Test (Academic and Applied Levels) (EQAO, 2010) 

 



99 

 

 



100 

 

 



101 

 

 

  



102 

 

Appendix B: General Rubric for ORQs for the EQAO Grade 9 

Mathematics Test 

Table 1. 

 

General Rubric of ORQ for in  the EQAO Grade 9 Mathematics test (EQAO, 2009) 

Code Descriptor 

Blank  Blank: nothing written or drawn in response to the question 
Illegible/Off 

Topic 
 Illegible: cannot be read; completely crossed out/erased; not 

written in English 

 Irrelevant content: does not attempt assigned question (e.g. 

comment on the task, drawings, “!” , *?”, “I don’t know” 

 Off topic: no relationship of written work in the question 
Code 10  Demonstration of limited understanding of concepts and/or 

procedures 

 Application of knowledge and skills shows limited effectiveness 

due to: 

- Misunderstanding of concepts 

- Incorrect selection or misuse of procedure 

 Problem-solving process shows limited effectiveness due to: 

- Minimal evidence of a solution process 

- Limited identification of important elements of the problem  

- Too much emphasis on unimportant elements of the problem 

- No conclusions presented 

- Conclusion presented without supporting evidence 
Code 20  Demonstration of some understanding of concepts and/or 

procedure 

 Application of knowledge and skills shows some effectiveness 

due to: 

- Partial understanding of the concepts 

- Error and/or omissions in the application of the procedures 

 Problem-solving process shows some effectiveness due to 

- An incomplete solution process 

- Identification of some of the important elements of the problems 

- Some understanding of the relationships between important 

elements of the problem 

- Simple conclusions with little supporting evidence 
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Table 1 (Continued) 

General Rubric of ORQ for in  the EQAO Grade 9 Mathematics test (EQAO, 2009) 

Code Descriptor 

Code 30  Demonstration of considerable understanding of concepts and/or 

procedures 

 Application of knowledge and skills shows considerable 

effectiveness due to: 

- An understanding of the concepts 

- Minor errors and/or omissions in the application of the 

procedures 

 Problem-solving process shows considerable effectiveness due 

to: 

- A solution process that is nearly complete 

- Identification of most of the important elements of the problem 

- A considerable understanding of the relationships between 

important elements of the problem 

- Appropriate conclusions with supporting evidence 
Code 40  Demonstration of thorough understanding of concepts and/or 

procedures 

 Application of knowledge and skills shows a high degree of 

effectiveness due to: 

- A thorough understanding of the concepts 

- An accurate application of the procedures (any minor errors 

and/or omissions do not detract from the demonstration of a thorough 

understanding) 

 Problem-solving process shows a high degree of effectiveness 

due to: 

- A complete solution process 

- Identification of all important elements of the problem 

- A thorough understanding of the relationships between all of the 

important elements of the problem 

- Appropriate conclusions with thorough and insightful supporting 

evidence 
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Appendix C. EQAO Student Questionnaire for Academic and Applied 

Level. 
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Appendix D. Cronbach’s alpha for section, attitudes towards 

mathematics 

Table 1. 

Cronbach's alpha if item deleted for Academic and Applied Level test formats 

Item 
Academic   Applied 

Multiple 

Choice 

Open 

Response Overall   

Multiple 

Choice 

Open 

Response Overall 

1 0.747 0.724 0.836  0.732 0.736 0.837 

2 0.742 0.719 0.833  0.733 0.757 0.838 

3 0.745 0.718 0.834  0.737 0.739 0.841 

4 0.745 0.759 0.835  0.741 0.738 0.842 

5 0.734 0.739 0.829  0.742 0.747 0.842 

6 0.735 0.723 0.829  0.734 0.72 0.839 

7 0.745 0.728 0.833  0.742 0.74 0.842 

8 0.748  0.835  0.744  0.842 

9 0.746  0.836  0.733  0.837 

10 0.748  0.835  0.731  0.838 

11 0.743  0.834  0.734  0.84 

12 0.746  0.835  0.738  0.841 

13 0.738  0.831  0.735  0.84 

14 0.747  0.834  0.759  0.852 

15 0.746  0.835  0.735  0.84 

16 0.739  0.829  0.735  0.838 

17 0.747  0.834  0.74  0.841 

18 0.747  0.835  0.728  0.835 

19 0.742  0.832  0.745  0.843 

20 0.747  0.836  0.737  0.841 

21 0.755  0.837  0.73  0.839 

22 0.747  0.834  0.722  0.836 

23 0.744  0.836  0.736  0.84 

24 0.747  0.834  0.729  0.838 

25    0.828     0.834 

26    0.827     0.834 

27    0.826     0.835 

28    0.829     0.835 

29    0.829     0.836 

30    0.826     0.834 

31    0.825     0.835 

Total 0.753 0.76 0.837   0.73 0.76 0.843 
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Appendix E. ELLs’ EQAO Questionnaire Reponses for sections: 

Background and EQAO test as class marks (Academic and Applied 

Levels) 

Table 1.  

Questionnaire Responses on Sections: Background and Mathematics Test as Class 

Marks 

Section Item Responses Academic Applied 

Background 

Computer at home 
Yes 1268 548 

No 611 411 

    

Scientific 

Calculator at home 

Yes 1654 739 

No 224 219 

    

Graphical 

Calculator at home 

Yes 213 171 

No 1660 781 

    

Time Spent on 

Homework 

More than 45 minutes 514 209 

Between 31 to 45 minutes 697 289 

Less than 30 minutes 630 364 

No assigned Homework 44 107 

    

Completing 

Homework 

Never 52 30 

Seldom 139 57 

Sometimes 373 307 

Often 740 316 

    

Age 

Always 575 248 

13 or younger 24 7 

14 1030 358 

15 700 323 

16 or older 128 272 

    

Absent for Math 

class 

Never 542 233 

one to four times 1030 460 

five to nine times 221 180 

10 or more times 84 94 
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Table 1. (Cont) 

Questionnaire Responses on Sections: Background and Mathematics Test as Class Marks 

Section Item Responses Academic Applied 

Background 

Late for Math Class 

Never 922 370 

one to four times 697 365 

five to nine times 162 136 

10 or more times 87 92 

    

Number of Elementary Schools 

Attended 

1 440 353 

2 501 238 

3 424 198 

4 248 81 

5 or more 235 74 

     

EQAO test 

as Class 

Marks 

Teacher count EQAO test as class 

mark 

Yes 963 365 

No 47 63 

Don't know 819 512 

    

Teacher told the student about class 

marks 

Yes 1266 597 

No 236 163 

    

How much it's worth 

1-5% 317 111 

6-10% 504 176 

11-15% 109 62 

16-20% 33 34 

21-25% 32 23 

26%-30% 31 39 

Other 24 28 

Don't know 295 214 

    

Motivated if EQAO Test counts as 

class mark 

Yes 1021 536 

No 148 198 

Undecided 321 194 
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Appendix F. Total Variance Explained for Factor Analyses 

Table 1.         

Total Variance Explained (Principal Axis Factoring/Direct Oblimin) for Questionnaire Response Question 1 (Academic) 

Factor Initial Eigenvalues   Extraction Sums of Squared Loadings   Rotation Sums of Squared Loadings 

  Total % of Variance Cumulative %   Total % of Variance Cumulative %   Total 

1 3.19 45.63 45.63  2.74 39.2 39.2  2.43 

2 1.16 16.5 62.12  0.6 8.58 47.78  2.07 

3 0.8 11.44 73.56       

4 0.63 9.04 82.6       

5 0.52 7.47 90.07       

6 0.38 5.46 95.53       

7 0.31 4.47 100             
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Table 2.         

Total Variance Explained (Principal Axis Factoring/Direct Oblimin) for Questionnaire Response Question 1 (Applied) 

Factor 

  

Initial Eigenvalues   Extraction Sums of Squared Loadings   Rotation Sums of Squared Loadings 

Total % of Variance Cumulative %   Total % of Variance Cumulative %   Total 

1 2.83 40.37 40.37  2.29 32.71 32.71  1.96 

2 1.17 16.66 57.03  0.56 8.02 40.73  1.7 

3 0.84 12.03 69.06       

4 0.71 10.17 79.23       

5 0.59 8.44 87.66       

6 0.52 7.47 95.13       

7 0.34 4.87 100             

 

  



113 

 

Table 3. 

Total Variance Explained (Principal Axis Factoring/Direct Oblimin) for Questionnaire Response Question 2 (Academic) 

Factor 

 

Initial Eigenvalues   

Extraction Sums of Squared 

Loadings   

Rotation Sums of Squared Loadings 

Total 

% of 

Variance 

Cumulative 

%   Total 

% of 

Variance 

Cumulative 

%   Total 

1 2.56 42.64 42.64  1.98 33 33  1.68 

2 1.04 17.38 60.02  0.52 8.7 41.69  1.57 

3 0.94 15.63 75.64       

4 0.53 8.86 84.5       

5 0.49 8.08 92.58       

6 0.45 7.42 100             
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Table 4       

Total Variance Explained (Principal Axis Factoring/Direct Oblimin) for Questionnaire Response Question 2 (Applied) 

Factor Initial Eigenvalues   Extraction Sums of Squared Loadings 

  Total % of Variance Cumulative %   Total % of Variance Cumulative % 

1 1.93 38.67 38.67  1.17 23.43 23.43 

2 0.99 19.7 58.38        

3 0.81 16.23 74.61     

4 0.66 13.26 87.87     

5 0.61 12.13 100         
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Appendix G. GREB Approval Letter 
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