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Abstract 

This study was designed to explore the mathematics 

learning experiences of inmigrants students to Canada. 

A thorough review of the related literature suggested 

that this exploration be guided by three categories: 

language, culture, and cognition. 

To facilitate the exploration, grade 9 was chosen as 

the grade level and algebra as generalised arithmetic was 

chosen as the mathematics topic. Four research subjects 

were recruited, all of whom had been born and partially 

educated in some country other than Canada. 

Each research subject went through two interviews. 

The first interview involved a series of questions based on 

the reviewed literature. The second interview specifically 

looked at algebra as generalised arithmetic, with the 

assistance of the Chelsea Diagnostic Mathematics Test far 

algebra. The data from the interviews were then unitized 

to allow for analysis. 

The analysis challenged the view created from the 

literature that immigrant students' cultures, language and 

cognitive structures will affect their mathematics learning 

experiences. Factors such as a common mathematics 

curriculum ' cu l ture '  and social stability may be equally 

important. Mathematics teachers working with immigrant 

students should theref ore be somewhat cautious when 

i i i  



applying views expressed in the ethnocultural literature to 

their classes. 
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CHAPTER ONE 

Introduction 

Pur~ose 

Several years ago I had the pleasure of teaching 

mathematics in a secondary school for the indigenous 

inhabitants of MalaQi, a small East African country. I 

returned to Canada with questions both about m y  ways of 

teaching and about my African students' ways of learning. 

Reading of the literature and my o w n  experiences suqgested 

that one's culture and language may have an effect on the 

ability to learn a specific type of mathematics - the type 
taught in Western eurocentric schools like those in Ontario 

and Malaei. If true, there would be serious implications 

for how mathematics is taught in increasingly culturally 

diverse classrooms. Could 1 find evidence of the role 

culture and language play in the learning of mathematics? 

Rat ionale 

To provide a rationale for the present study I first 

decided to find a definition of w h a t  mathematics is, and 

then address the manner in which it is taught and to whom 

it is taught in this part of southwestern Ontario. What I 

found is presented under four subheadings: western and 

other mathematics, mother tongue and mathematics, uniform 

treatment of mathematics students, and the immigrant 



situation in London. 

Western and Other Mathematics 

Formal mathematics, typical of what is taught in 

London schools, has its roots in ancient Greece and the 

Near East. It was adopted by the Europeans beginning in 

the twelfth century and for the next 800 years has been 

under the dominion of European or eurocentric 

mathematicians and scientists. The evidence of a 

eurocentric influence on the mathematics taught in Ontario 

schools can be seen when one looks at the prescribed topics 

in the Ontario Ministry of Education's Curriculum 

Guidelines (1985) and guides such as the London and 

Middlesex County Roman Catholic School Board's series of 

curriculum guides (1988), and then learns from historical 

sources where and by whom those topics were developed ana 

refined (Bergamini, 1963; Hogben, 1968; Rogers, 1966). 

Those topics include algebra, formal geometry, graphs in 

the Cartesian plane, functions and relations, and 

differential calculus. 

In contrast, scholars (Ascher, 1991; D'Ambrosio, 

1985b) have identified an alternative mathematics, the 

mathematics used in city streets and rural villages around 

the world. In particular, D'Ambrosio (1990) defined what 

he calls ethnomathematics. This is the art or technique 

( t i c s )  of explaining, understanding, or coping with 

(mathema) the sociocultural and natural (ethno) 
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environment. D'Ambrosio saw ethnumathematics as a suh?ect 

which "lies on the borderline between the history of 

mathematics and cultural anthropology" (1985a. p. 441. a c i  

noted that anthropologists' work which recognizes different 

modes of thought may lead to different farms of 

mathematics. As opposed to academic or formal mathematics, 

ethnomathematics is the mathematics practised by 

identifiable cultural groups. These groups can be as 

varied as tribal groups, labour groups, age groups or 

professional classes, all of which have their own "jargons, 

codes, myths, symbols, utopias, and ways of reasoninq and 

inferring" (D' Ambrosio, 1985a, p. 46) . 
With respect to formal mathematics, D'Ambrosio saw t n e  

mathematics somewhat like expropriated cultural 

intellectual property. He wrote t h a t , .  as well as 

containing "Platonic ciphering and arithmetic, mensuration 

and relations of planetary orbits [contributions of Galiieo 

and Newton]" (1985a, p. 4 5 ) ,  formal mathematics included 

the capabilities of classifying, ordering, inferring 

and modelling. This is a very broad range of human 

[activities] which, throughout history, have been 

expropriated by the scholarly establishment, 

formalized and codified and incorporated into what we 

call academic mathematics. But which remain alive in 

culturally identified groups and constitute routines 

in their practices. (1985a, p. 45) 



In addition to that expropriation, D'Ambrosio added that 

academic or formal mathematics was the primal discipline 

driving the new society brought to the 'discovered' world 

by its European conquerors. As a result of this 

"civilizing mission" (D'Ambrosio, 1990, p. 20), a cu l tura  1 

genocide occurred. 

Reacting to the new society, D'Ambrosio said that 

attempts to look at other mathematics are vitally 

important. He saw a benefit to building upon the natural, 

social and cultural roots of students, something he 

considered criminal to ignore (1990, p. 22) . As far as the 

teaching of mathematics was concerned, D'Ambrosio believed 

that it should free people to be creative, to be able to 

pursue personal happiness and social fulfilment, and to 

achieve happiness (1990, p. 21). 

Thus there is clearly more than one view of w h a t  

mathematics is, and indeed more than one view of what kind 

of mathematics should be taught. Extrapolating from 

D'Ambrosio, it is reasonable to suggest that the formal 

mathematics taught in London schools may be seen by some 

peoples as the mathematics of oppression. It is possible 

that students arriving in Canada from other countries may 

have been exposed to, or were practiced in the use of, 

another form of mathematics. The mathematics used in our 

schools could be just as foreign - and possibly 
intimidating - to these students as their mathematics would 



be to us. 

Mother Tongue and Mathematics 

The work of Myers and Milne ( 1 9 8 8 )  provides much 

insight into the complexity of deterrnininq what affects 

mathematics achievement. Myers and Milne were interested 

in the effects of language on the learning of mathematics 

in the United States. They engaged in quantitativs 

research usinq the 1980 database built from the High School 

and Beyond survey of 28,000 senior high school s t u d e n t s .  

Myers and Milne's research had t w o  objectives. These 

objectives were to isolate the independent effects of 

language on achievement by controlling for other variables 

(such as socio-economic status), and to determine what 

intervening variables language works through to affect 

achievement. In their research Myers and Milne considered 

students' home language, primary language, reading and 

mathematics achievement, and other variables such as s e x ,  

family income, and home environment. They stated that 

English proficiency alone was not a sufficient predictor of 

mathematics achievement, sugqesting that language 

proficiency should not be considered independently but 

rather in conjunction with some other factor or factors, 

yet to be identified. 

Similar results were found by Secada (1992). In h i s  

survey of American research on race, ethnicity, social 

class, language, and achievement in mathematics, he cited 
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several reports linking language backqround and English 

proficiency to mathematics achievement. Some of these 

reports were based on the High School and Beyond data; 

others included a California Department of Education report 

on 12th-grade mathematics achievement, and a report on 

tests given in both English and Spanish to bilingual Puerto 

Rican adults. 

Secada discussed groups as socially created entities 

in which membership "is a negotiated and complex phenomenon 

that is not easily expressed, nor can it be easily 

described as a variable" (Secada, 1992, p .  6 4 0 ) .  This 

means it is inappropriate to say, for instance, that a 

student  is German and therefore should excel at Zoqic; it 

is a warning against group stereotypes. Secada determined 

that mathematics achievement should be treated as a sociaL 

issue, and found powerful links between it and the factors 

of language and socio-economic status. 

Hence, researchers have considered language as a 

factor affecting the learning of mathematics. Myers and 

Milne tried to account for home and primary language. 

Secada surveyed much of the literature on different 

languaqe backgrounds, and found links to mathematics 

achievement. Given the attention that  languaqe has 

received from the research community, it might be important 

to begin exploring t h e  relationship between a student's 

first language and its e f f e c t  on h i s  or her learning of 



mathematics . 
Uniform Treatment of  Mathematics Students 

In London, Ontario, imrniorant students are provided 

with English as a Second Language (ESL) c lasses  in both 

publicly funded school systems and through community 

organizations. Examples of these ESL programs are the  

Northbrae Public School program described by Shawna Richer 

(1995, October 13) and the Fast Track program at the 

Portuguese Community Centre described by Norman De Bono 

(1995, October 11). But beyond language training there 

does not appear to be any activity that acknowledges the 

other factors which may affect mathematics performance. 

There are separate French and English mathematics proqtarns, 

but within these there is no breakdown of treatment by 

culture or ethnic group. Regardless of their backqrounti, 

students receive the same basic program as t h e i r  peers (the 

exceptions in London being the N'Amerind Friendship 

Centre's Sweetgrass School and the public board's f e w  

alternative programs). 

The uniform treatment of mathematics students 

represents an assimilationisit view of teaching and 

learning. That is, in order for one to be a success fu l  

mathematics student one must conform to a particular view 

of what mathematics is and how it is to be taught. This 

view appears to be in opposition to the Government of 

Canada's 1971 policy of multiculturalism (Masemann, 1991), 



commonly known as the "cultural mosaic." 

Within the Ontario education system the cultural 

mosaic view is clearly expressed in Ministry of Education 

documents. For example, The Common Curriculum: Policies 

and Outcomes, Grades 1-9 (1995) states that 

The Common Curriculum is designed for all students; 

that is, it recognizes that programs must reflect the 

abilities, needs, interests, and learning styles of 

students of  both genders and all racial, linguistic, 

ethnocultural groups (p.9). 

The curriculum must reflect the diversity of Canadian 

society . . . . Students are entitled to have their 
personal experiences and their racial and 

ethnocultural heritage valued, and to live in a 

society that upholds the rights of the individual 

Cp.19) 

Further, many teachers may not be aware of the different 

learning styles, and mathematical and cultural viewpoints 

of their ethnically and culturally diverse students. In a 

critique of the general lack of awareness, the National 

Council of Teachers of Mathematics (NCTM) stated in their 

Professional Standards for Teachincr Mathematics (1991) 

that : 

Teachers should develop their perspectives on the 

nature of mathematics, the contributions of different 

cultures toward the development of mathematics, and 



the role of mathematics in culture and soc ie ty  ( p .  

132 ) .  

Teachers should develop their knowledge of the 

influences of students' linguistic, ethnic, 

racial, and socioeconomic backgrounds and gender 

on learning mathematics (p. 144) . 
Statements such as these,  which encourage teachers to be 

aware of, and value, the racial, linguistic and 

ethnocultural characteristics of their students,  lead one 

t o  ask what those characteristics are and what their 

effects are on the learning of mathematics. 

The Immiqrant Situation in London, Ontario 

In 1993 it was reported that London ranked sixth among 

all Canadian cities in terms of the proportion of the 

population made up of immigrants who arrived since 1988 

(Population Studies Centre, 1993). The same study found 

that the number of immigrants arriving in London increased 

two and one half times when the intervals 1981-87 and 1988- 

91 are compared. The numbers were great enough for it to 

be seen reasonable to launch a multi-cultural newspaper, 

Global Village, in the city in 1995. 

Unpublished data provided by Employment and 

Immigration Canada (1995) gave a breakdown of permanent 

residents whose intended destination was London for the  

years 1992 to 1994. As evidence of London's growing 

immigrant population and its impact on the school sys tem,  



consider the data on those from Spanish-speaking Latin 

American countries displayed in Tables 1 and 2. 

The 0-17 columns of Tables 1 and 2 show that there 

were approximately 233 (totals of the 0-17 groups for 1992, 

1993, 1994) elementary and secondary school-aoed childr-n 

arriving in the city in the three years reported. Of t h e s e  

children, 163 had no proficiency in either English or 

French - the languages of instruction in London's schools - 
and 67 had no educational qualifications, which I 

understand to mean had not completed elementary school. 

These students would be obliged to enter the school system 

and, unless recognized as having the equivalent of two 

secondary school mathematics credits, would have to take 

mathematics. 

The points detailed earlier suggesting a link between 

culture, language and the learning of mathematics would 

have been of little interest to teachers practising in 

London had it not been for the recent influx of new 

immigrants. Clearly the population of London is becoming 

more ethnically and culturally diverse, and therefore it is 

important to start asking how teachers should be working 

with those newly arrived students. 

To conclude, it is important for educators in London, 

Ontario to be concerned about how culture, ethnic origin 

and language have an effect on the learning of mathematics. 

First of all, D'Ambrosiots work suggests that the 



Table 1 

Lannuaqe Proficiency of Spanish-speakins Latin American 

Permanent Residents with Intended Destination London, 

Ontario 

Age Group 0-17 18+ 0-17 18+ 0-17 18+ 

Proficient 
in English 46 149 21 49 3 27 

Proficient 
in French 0 0 0 0 0 0 

Proficient 
in neither 76 99 7 0  79 17 25 
official 
language 

Total 122 248 91 128 20 52  



Table 2 

Elementary and Secondary Educational Qualifications of 

Spanish-sneakino Latin American Permanent Residents with 

Intended Destination London, Ontario 

1992 1993 1994 

Age Group 0-17 18+ 0-17 18+ 0-17 18+ 
- - -  

No Educational 
Qualifications 35 10 22 4 10 3 

With Secondary 
School 87 154 6 9  75 10 29 
Qualifications 
or less 

With Higher 
Education 0 84 0 49 0 20 

Total 122 248 91 128 2 0  5 2  
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mathematics of Ontario classrooms may be foreign, and even 

oppressive, to students from 'conquered' or 'discovered' 

countries. These students may have a totally different 

experience and understanding of what mathematics is, and be 

resistant towards ' western ' mathematics. Thus cul ture has 

the potential of being an important factor in the learning 

of mathematics. 

In addition, Myers and Milne, and Secada have 

presented quantitative data which suggests links between 

English language proficiency, mother tongue, and 

mathematics achievement. Statistically certain languaqe 

groups appear to have a learning advantage, others a 

disadvantage. Language appears to have importance on par 

with culture for mathematics students. 

Finally, mathematics educators in London need to b e  

concerned about culture and ethnic origin if they are 

attempting to teach all students uniformly. Both Ontario 

government documents and NCTM standards point to the need 

for an awareness of language, cultural, and 

ethnomathematical factors on student learning. With 

London's growing immigrant population, teachers here need 

to consider alternative ways children learn in a culturally 

diverse classroom. 

Exploratorv Nature of the Study 

What is not clear from the literature cited to this 

point is how culture and language affect the learning of 
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mathematics. Myers and Milne's results suqqested that 

language proficiency should be considered in conjunction 

with some other unspecified factors. Secada said that 

mathematics achievement should be treated as a social 

issue, but social issues are also complex. The NCTM 

Standards stated that teachers should develop their 

knowledge of the influences of students' linguistic, etnnic 

and racial backgrounds, but did not detail what the 

influences were. 

The categories of culture and language have very broad 

and diverge bodies of literature. Further in-depth reading 

has allowed me to somewhat narrow down what could be 

affecting the mathematics learning experiences of immigrant 

students to several themes within language and culture. I 

also discovered that I needed to consider a third category:  

cognition. It is the importance of specific themes within 

these three cateqories to the mathematics learning 

experiences of immigrant students that are to be 

investigated with this research. 

One way of examining mathematics learning experiences 

is to talk with students. Therefore, to help determine 

whether any of the themes within the  categories of culture, 

language and cognition could be relevant to the learning of 

mathematics, the experiences of some immigrant students 

will be explored. Talking with students will allow me to 

examine the theories my readings identified in a different 
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way - through the lived experiences of immigrant students. 
Exploring the theories with the students in this manner 

might help determine whether a particular theory merits 

more attention or ought to be discarded. In addition, I 

may also be able to identify unanticipated influences, and 

connections amongst what initially appeared to be isolated 

factors. 

To facilitate this exploration one area of mathematics 

had to be selected. A review of the literature pertaininq 

to this area of mathematics, algebra, as well as to 

language, culture and coqnition, follows in Chapter T w o .  



CHAPTER TWO 

Review of the Related Literature: Language.. Learnina anC 

Culture 

The intent of this study is to investigate how culture 

and language affect the learning of mathematics. However, 

trying to understand how a student knows a concept or idea 

is not a s i m p l e  task. There are many inter-related and 

intertwined factors at play, which undoubtedly vary from 

individual to individual. Initially, as a result of 

reading and academic course work, I had envisioned that 

those factors could be cleanly distinguished using the two 

headings of language and culture. However, after furtner  

reading, I realized that cognition could not be ignored as 

a factor, nor easily isolated without considering language 

or culture. Within our minds language and culture affect 

us, influenced it seems by cognition. Because of that 

observation, this chapter is organized under the three 

headings of language, culture and cognition. However, the 

boundaries among these are fuzzy, and often the 

distinctions are arbitrary. 

Lansuaqe 

My feelings or suspicions of how students from other 

countries or cultures learned mathematics became much more 

focussed when I read a paper by Berry (1985). Berry wrote 

of the experiences of mathematics students in Botswana, a 
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country in the same general area of southern Africa as 

MalaQi. His descriptions both of how the students w e r e  

taught, and of how the students responded to the teachina. 

struck a common chord with my own experiences in Malawi. 

The reasons B e r r y  gave for t h e  students' responses 

effectively launched my own research. 

Berry described the experiences of two 'typical' 

Botswanan students, one elementary and one secondary. The 

elementary student, Mothibi, had lived all his life in a 

Botswana village. He was taught in Setswana, using a 

carefully translated British curriculum. As the school 

year progressed, Mothibi's teacher found that Mothibi was 

not reacting to the mathematics curriculum as the teacher's 

manual predicted, and Mothibi was starting to simply 

memorize material. 

The secondary student, Lefa, was studying in English, 

and h i s  textbook was an Africanized edition of a British 

book. Despite the text and teacher's manual being 

structured to encourage independent thinking and discovery, 

Lefa only seemed to learn slowly and by rote memorization. 

Berry conducted a literature survey to attempt to find 

an explanation for his observations. From the survey he 

believed that the key to the students' difficulties lay in 

the fact that their materials were derived from t h o s e  of a 

different cultural and language group, namely the British. 

Berry referred to the Sapir-Whorf hypothesis, stating that 



the structure of a person's language had an influence on 

his or her cognitive processes. Thus, for example, t h e  

student whose ways of knowing were formed by immersion in 

an oral-based culture would have difficulty with materials 

whose authors' ways of knowinu w e r e  f o r m e d  by immersion in 

a writing-based culture. 

Berry's conclusions gave me some insights into the 

questions derived from my Malaaian experience. However, in 

order to explore the situation for immigrant students in 

Ontario, I needed to investigate further. Berry's work 

suggested an intimate link between language and cognition. 

Before proceeding in that direction, however, I first 

needed to search for other language implications relatinq 

to mathematics for students working in a second language. 

Discussion of three of these themes now follows: lanpage 

proficiency, bilingualism, the words or symbols used by a 

language. 

Proficiency in Workinq Lansuaqe 

Spanos, Rhodes, Dale, and Ctandall (1988)  studiea 

students learning to function in English as their second 

language. They collected data at three U S .  colleges by 

analyzing algebra t e x t s  and t e s t s ,  by recording students' 

discussions as they worked on math problems, and by 

interviews within small groups with forty-six algebra 

students. Some of the students interviewed were Hispanic. 

some had limited English proficiency, and some were native 
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English speakers. Spanos et a1 determined that there is a 

minimum level of English proficiency required for a student 

to function effectively in cognitively demanding tasks, and 

that this level can take five to seven years to develop in 

a student's second language. 

In addition, Spanos at a1 spoke of CAMP - Cognitive 
Academic Mathematics Proficiency - which is the coqnitivc 
knowledge of mathematics embedded in a language which is 

structured to express that knowledge. Spanos et af calieii 

the language part of this the mathematics register, and 

suggested that a language approach to mathematics education 

is required in order to develop this register. For 

example, a word problem such as 

Find a number such that seven less than the 

number is equal to twice the number minus 23 

will not be understood by minority students lacking 

relevant language skills, even though they might understand 

the individual words per se. Spanos et a1 then went on to 

describe problems specifically related to syntactics and 

semantics. 

Thus it might be argued that a student arriving in an 

Ontario classroom from a non-English speaking country needs 

to attain not only proficiency in English but also in the 

language of the mathematics classroom in order to be 

successful. Admittedly native English speakers also have 

to learn the language of the mathematics classroom. 
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Nevertheless, depending on when the students arrive in 

Canada, they could find themselves behind their native 

English-speaking peers who have already been exposed to 

some of the language of the mathematics classroom. 

Bilingualism 

Another relevant language theme that arose from m y  

readings was on the effects of bilingualism. A number of 

scholars attempted to identify characteristics specific to 

students who could comfortably function in two languages. 

One such scholar was Saxe (1988). Saxe conducted an 

analysis of studies that related language background to 

mathematics achievement. He distinguished his findings as 

pertaining to either direct effects  or indirect effects.  

Writing about direct or intrinsic effects of language 

on mathematics achievement, Saxe determined that it was 

reasonable to suspect a relation between the process of 

acquiring t w o  languages and a student's understanding of 

certain mathematical concepts- The bilingual students in 

the studies he analyzed more frequently demonstrated an 

understanding of number symbol properties than their 

monolingual peers. He concluded that growing up bilinqual 

does positively influence some aspects of a child's 

cognition about the arbitrariness of numerical conventions. 

Another scholar who explored the effects of 

bilingualism is Clarkson (1992). F o r  his startinq point he 

referred t o  the theories of Cummins, who believed that 
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bilingual students developed deep coqnitive s t r u c t u r e s  no: 

solely dependent on language. Because of these structures, 

instruction in one language could develop skills In the 

other language, and underlying conceptual and linguistic 

proficiency would be enhanced. 

Clarkson conducted his research in Papua New Guinea. 

He undertook a comparative study involving a group of 232 

bilingual students, whose original language was Melanesian 

Pidgin but who used English in school, and 69 monolinqual 

students from international schools. Clarkson's results 

indicated that students competent in both English and t n e j r  

mother tongue had an advantage in mathematics achievement 

over students competent in just one language. This w 4 s  

despite the fact that the monolingual group in the study 

had significant material advantaqes. 

An implication of Saxe's and Clarkson's work f o r  an 

immigrant student in Ontario is that bilingualism could be 

a positive factor in learning mathematics. In addition, 

the authors' works were examples of research literature 

that suggested to me the importance of cognitive structure 

and the links between cognition and language. 

Number and Conce~t Words or Symbols Used in Particular 

Lancruaae s 

A third example of the role language could play in the 

learning experiences of immigrant s tudents  was with t h e  

words used by a language to express numbers o r  mathematical 



concepts. These words can present difficulties with 

learning mathematics in English, as was demonstrated by 

Denny (1980). He investigated Inuktitut, the language of 

Canada's Inuit, and found that some word meanings did not 

have a direct correlation to English and others had m u c h  

richer meaning. For example, in some of the Inuktitut 

dialects the number seven is "marruungnik arviniiiit" 

(Denny, p.199), but the first word is like their word for 

t w o  (marruuk) and the second is like the word for s i x  

(arviniliit). As Denny pointed out, in eurocentric thought 

how can one get seven from two and six? It turns out that 

the  numbers 6 , 7 ,  and 8 are "those on the inside of the 

right hand" when you count on your fingers. Consequently 

the  word for 7 means "the second one in the group 6 , 7  and 

8" (Denny, p.201). An Inuktitut word for circle is 

something like "angmaluqtuq" (Denny, p.200). which does not 

j u s t  mean ' it is circular' but can also refer to irrequl a r  

shapes like pebbles and ponds. For a final example, 

Inuktitut vocabulary for spatial location is much richer 

than i n  English - due perhaps to the way the Inuit have of 
giving directions in the relatively featureless Arctic - so 
phrases like 'start your line here and end there'  fail to 

tap into the potential of their language. 

Further examples of peoples or groups whose linguistic 

or cultural features could handicap or benefit their 

mathematics learning experiences were given by Saxe (1988) 
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and Ascher (1991). Saxe contrasted the counting system of 

the Oksapmin people of Papua New Guinea, which was based on 

twenty-seven body parts, with the regular and systematic 

number words of the Japanese. According to Ascher (1991), 

the Nahuatl of Central Mexico base their number system on 

their words for 1, 2 ,  3 ,  4 ,  5 ,  10, 15, 2 0 ,  400, 800 and on 

a cycle of twenty, and the Yuki of California use cycles of 

eight because that is the number of spaces between the 

fingers of bath hands. Ascher also reported that in rh2 

Dioi language of southern China there are fifty-five 

different number classifiers, and it is considered 

insufficient and improper to use a number without a 

classifier. It is quite possible that an imniprant child 

exposed to one of these cultural or linquistic phenomena 

will arrive as a student in a Canadian classroom. 

Given these examples, it seemed reasonable to agree 

with Saxe's conclusion that "[sltudying cultural supports 

for mathematics development and how children utilize 

different cultural backqrounds in copinq with school 

mathematics curricula can offer insights about the sources 

of language minority children's successes and failures in 

the mathematics classroom" (1988, pp.61-62). 

Language is the obvious starting point when 

investigating the mathematics learning experiences of 

immigrant students, for if they  cannot speak the language 

of the classroom they will not be able to participate in 



the learning process. Thus it was n o t  surprising that t n ~  

reviewed literature provided language proficiency as an 

important theme. What was unexpected was the suggestion 

that a student's mother tongue, or the level of the 

student's bilingualism, could positively affect his or her 

learning of mathematics. These two latter points are 

clearly worthy of further study. 

Culture 

The next major area of my reading focussed on cuiturai 

concerns. The word 'culture' can be used to talk about  the 

way the citizens of another country live and ac t ,  to taik 

about the ways people in one's own society live and act, or 

even how certain occupational groups within one's own clty 

behave. And culture varies, for as Archer (1994) wrote: 

There is no question that no culture has remained pure 

or unchanged. The students are more diverse and many 

students are part this and part that - a wonderful, 
beautiful mixture. The mote we ignore the variety of 

cultures, the less the students will understand what 

we are talking about. (p.41) 

Ascher added that " [ a ] t  all levels of schooling, the 

teaching of subject matter is intertwined with the teaching 

of culture" ( p . 4 3 ) .  Four particular aspects of culture 

relevant to the teaching of mathematics follow: culturally 

different curriculum, multiple systems within a culturc, 

cultural inhibitors, majority versus minority culture. 



Culturallv Different Curriculum 

As well as considering the connection between language 

and cognition, Berry (1985)  defined two t y p e s  of p r o b b m s  

with using a culturally different curriculum. Type A 

problems occur when the language of instruction is not the 

student's mother tongue. The Botswanan students in Berry's 

research were familiar with the mathematical symbols and 

operations, but had problems understanding the English 

words in the exercises. They were not working in their 

mother tongues, and so can be considered Type A. 

However, Berry argued that their difficulties were 

more than simply with translation, and he had another 

category to accommodate this - Type B problems. T h e s e  

problems are due to the distance between the cognitive 

structures of the student and those of the instructor or 

materials. To i 1 lusttate this, Berry reported the 

statement of a Botswanan university student who claimed to 

do all mathematical thinking in English: "This makes 

mathematics very difficult, since I do not think easily in 

English, but mathematical proofs cannot be done in 

Setswana" (1985, p. 21). 

Hence, it is interesting to speculate whether or not 

immigrant students find the Ontario mathematics curriculum 

culturally different, and therefore experience Type B 

problems. For example, the existence of Type B problems 

would raise the challenging question of how a teacher from 
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a written tradition like Ontario's should attempt to teach 

a student from an oral tradition. 

Multiple Systems Within a Sinqle Culture 

Whether or not there are Type B students within our 

own culture, we still have multiple ways of expressino 

certain concepts. For example, in a recent discussion in 

my grade 9 math class, the students w e r e  a s k e d  to d e t e r r n ~ n ~  

an individual's distance from work. In the formal sense 

one would expect the answer to be expressed in kilometres 

or some other unit of linear measure, but many students 

gave an answer like, 'He is 20 minutes from work.' Minutes 

are of course units of time, not distance, but are also 

informally and commonly used for expressing distance. 

DtAmbrosio (19853) discussed similar examples with children 

practicing "appl icable" (19853, p. 81) mathematics before 

entering school and being exposed to the school's 

mathematical practices. 

Instead of distinguishing distinct non-intersecting 

types of mathematics such as 'street mathematics' and 

'school mathematics', Nunes (1992) investigated how 

multiple mathematical systems can exist within a single 

culture. Baaed upon an extensive review of relevant 

literature, she described written practices as being rule- 

based, and focussed on what she described as cultural 

amplifiers - the resources in a culture that allow for an 
increase in a person's ability to function in certain 



areas. 

Within mathematics, Nunes identified several 

amplifiers. For example, numeration systems amplify the 

person's capacity to count and register numbers beyond the 

limits of his or her memory. Place value systems increase 

the person's range of counting and calculation beyond what 

is possible orally or by manipulating objects.  N u n ~ s  s a i d  

these systems vary across cultures and even within a single 

culture. For example, the qeneration of students just 

entering secondary school in London have had no exposure to 

the Imperial system of measurement and have no idea how 

many inches there are in a foot. 

In a vein similar to Nunes, Presmeg (1988) believed it 

possible for some people to successfully live with the 

influences and systems of several cultures. For those 

people, their own particular culture would be a sort of 

gathering point for the other cultures. She was writing in 

South Africa during the time of apartheid, and found that 

some students could successfully come to terms with the 

either-or conflict between eurocentric and traditional 

values. Her best known model for this is the Zulu Chief  

Mangosuthu Gatsha Buthelezi, who seemed equally at home in 

leopard skins and tassels while visiting a kraal or in a 

business suit negotiating with the white government. 

Cultural Inhibitors 

Leap (1988) had a long involvement with the U t e  
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Indians of northeastern Utah. To study their mathematics 

achievement, he first compared mathematics test results of 

Ute and non-native elementary students and then interviewed 

eighteen of the Ute students termed low achievers by their 

teachers and school authorities. Leap identified three 

culture-based factors that were associated with poor 

performance of the Ute Indians: home-school disagreements 

on the sole of parents and/or tribal members, Ute students' 

acceptance of traditional Ute commitments to personal self- 

reliance, differences between text and/or curriculum and 

Ute counting and grouping. These he found while 

investigating the reasons for Ute students' avoidance of 

and poor performance in school mathematics classes. 

Finding these reasons was important as they were 

restricting Ute independence; by avoiding math and math- 

intensive courses the Ute were restricting their career 

choices to those which favoured qualitative skills. 

Consequently there were virtually no Ute scientists, 

engineers, and so on, thus forcing a dependence on non- 

Indians. 

For Ontario First Nations' students, Donna Young 

(personal communication, October 25.. 19941, Director for 

the London District Native Education Agency Project, 

identified some factors that could directly or i n d . i r e c t l y  

affect the  learning of mathematics. These factors were a 

lack of linear concepts, variances in learning styles and 
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in concepts of family and community, the relationship to 

the natural environment, and linguistic differences. 

Because some of the First Nations languaqes do not accrpt 

mathematical terms easily, she reported that some Native 

immersion schools teach mathematics in English. 

Asches (1994) provided another example of a cultural 

characteristic which could inhibit a student's learning in 

an Ontario mathematics class. A member of the Kpelle 

people was given the following problem: 

All Kpelle men are rice farmers. Mr. Smith is not a 

rice farmer. Is Mr. Smith a Kpelle? 

The person would not answer the question. One might 

conclude t h a t  he or she did not understand the question, 

but within the Kpelle culture if one did not know an 

individual one could not answer questions about that 

individual. Hence, as the Kpelle being questioned did not 

know Mr. Smith, he or she could not answer because of t h e  

conflict with the Kpelle value system. 

Majority versus Minority Culture 

An additional perspective on culture comes from Ogbu's 

(1992) study of minority groups. He reviewed research 

literature to investigate the relationships which exist in 

the United States between minority cultures and the 

mainstream culture. He realized that some minorities do 

succeed in school despite their different languaqc and 

cultural backgrounds, and sought a reason for this f ac t .  
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Ogbu concluded that  the key factor is the s t rength  of those 

minorities' desire to assimilate and/or become successful. 

He defined two categories and their associated 

characteristics: voluntary minorities with primary cultural 

differences, and involuntary minorities with secontiary 

cultural differences. 

Voluntary minorities are those who willingly enter a 

society. Ogbu called the differences between their o w n  

culture and that of the society they entered primary. 

These differences are o v e r t ,  including their way of 

dressing and their religion. While perhaps providing 

fodder for teasing and making the school experience less 

pleasant, these differences ultimately do not hinder the 

voluntary minority member's ability to eventually be 

successful in school. 

Involuntary minorities are those such as the American 

Native Peoples and the black slaves - those w h o  are 

unwillingly brought into a society. Oqbu called their 

cultural differences secondary, to distinguish them f r o m  

the primary cultural differences. Secondary differences 

develop after contact with the dominant group, and involve 

things like different communication styles and interaction 

styles, and cultural inversion. This last item means 

valuing what is directly opposed to the dominant culture. 

The characteristics of involuntary minorities remain long 

after the events which instigated them - such as beinq 



conquered or enslaved - have faded into history. 

Reading in the area of culture has given me cause to 

reflect further on my MalaQian experiences. Certainly many 

of the theories pertain to attempting to implement a 

westernized curriculum in a non-western country. What 

remains unanswered are several interesting questions 

relating to students immigrating to Ontario. Do immigrant 

students notice a cultural b i a s  in the Ontario  curriculum^ 

Will an immigrant student perceive or practise more than 

one mathematics? Are some immigrant students constrzinea 

from fully participating in an Ontario mathematics class by 

a feature of their culture? Or are there some constraints 

imposed by being a member of an ethnic group which suffered 

the effects of being a minority culture? Based on the 

reviewed literature. it seems plausible that the answers to 

these questions are crucial when investigating the 

mathematics learning experiences of immigrant students. 

Cognition 

After embarking on my search of the research 

literature pertaining to how culture and language affected 

the learning of mathematics, I soon realized that there was 

a third factor f would have to consider. This factor 

provided a way of linking language and culture, sometimes 

even blurring the distinctions between them. It kept 

appearing either explicitly within the literature or 

implicitly as 1 reflected upon the implications of the 
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literature, suggesting that some of the authors could nor 

talk about culture or language in isolation from t h i s  t h i r d  

factor. The factor is  cognition. 

The Concise Dictionary of Psvcholosv (1990) defines 

cognition as a "general term which includes all the 

psychological processes by which people become aware o f ,  

and gain knowledge about, the world" ( p .  2 6 ) -  The Concise 

Encyclo~edia of P s ~ c h o l o c r ~  (1987) says tha t  cognition 

"comprises al l  mental activity or states involved in 

knowing and the mind's functioning, and includes 

perception, attention, memory, imagery, lanquaue functtons.. 

developmental processes, problem solving, and the area of 

artificial intelligence" (p. 202). Lefran~ois (1991) says 

that "cognition is knowing" (p. 59). 

Although I reviewed the works of many authors who 

wrote about the cognition construct, it was Vygotsky's 

(1934/1986) book Thought and Lancruaqe that most closely 

spoke to my experiences in MalaQi. H e  recognized that  our 

thoughts and the ways we recognize and express or vocalize 

those thoughts are t i e d  together in  a complex way. 

Language i s  more sophisticated than merely speaking. In 

fact, " [tlhouqht and speech turn out to be the key to the 

nature of human consciousness'' (Vygotsky, 1934/1986, 

p. 2 5 6 )  . 
Vygotsky conducted his research on cognition in Russia 

during the early decades of this century. Thrauuh his 



research he developed a theory of the communication 

process, which has relevance for my exploration of language 

and culture. It can be simplistically illustrated in t h e  

following manner: 

MOTIVE -. THOUGHT -. INNER SPEECH - SEMANTICS PHONETICS. 

The motivation for one's thoughts can be provided by one's 

culture. Thought involves cognition. Inner speech, 

semantics and phonetics involve word meaning and language 

to express the motivated thoughts. What one actually says 

can provoke a response which motivates another thought. 

Thus Vygotsky has created a theory of cognition which 

incorporates language and culture, and implies tha t  they  

have an important role in the development of one's 

cognitive structures. 

The relationship between thought and language is thus 

well worth exploring, especially when one reco~nizes t h a t  

both language and thought are required for the learning of 

mathematics. In addition, if language and thought 

contribute to cognitive development, it is interesting to 

speculate on whether immigrant students have formed 

cognitive structures which affect their mathematics 

learning experiences. However, the relationship between 

thought and language still remains a complex construct. 

Vygotsky himself believed that word meaning was the key to 

investigating the construct. Other researchers have 

identified additional aspects  of Vyqotsky's t h e o r y  w h x h  



pertain to the learning of mathematics (see, for example, 

Sierpinska, Taylor, Teslow, Wilson, and others in Focus on 

Learning Problems in Mathematics, 15(2&3), an issue devoted 

entirely t o  Vygotsky's work). From my readings four themes 

arose, which I used to organize this part of the Literature 

review. The themes are word meaning, level of 

understanding, motivation and attitude, and concepts. 

Word Meaninq 

Vygotsky (1934/1986) stated that, before he began 

his research, thought and language had been examined in 

isolation. He determined that this was an erroneous 

approach, l ikening it to studying hydrogen and oxygen to 

determine the nature of water.  Vygotsky described thought 

as a cloud shedding a shower of words. The words are 

thoughts realizing themselves, but just as clouds do not 

always mean rain will fall so too do thoughts sometimes 

remain unrealized. Because Vygotsky saw thought and word 

or language as interrelated, he believed there should b e  a 

way t o  analyze the complete entity. This was the genesis 

of his research. 

Vygotsky and his team of researchers decided to try 

using word meaning as the unit of analysis. Word meaning 

was considered a 'unit' as it could not be further reduced 

and still retain the  properties they wanted, which was 

uniting thought and speech into verbal thought and thus 

retaining the properties of the whole of the communication 
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process. They called the i r  technique "semantic analysis - 
the study of the development. the  functioning, and the  

structure of this unit, which contains thought and speech 

interrelated" (Vygotsky, 193411986, p. 6). One conclusion 

from their research was that word meaning was the 

appropriate unit for the study of the development of verbal 

thought. Going further back and looking at word w j t n o r r t  

meaning resulted, in their opinion, in dealing with an 

empty sound. As a result of their research. Vyqotsky  

determined that thoughts are mediated internally by word 

meanings and externally by signs, the latter iinkinq with 

the importance of motivation alluded to earlier. 

Anshen. in her preface to Chomsky's [1993) book 

Lanquaqe and Thouaht, expressed views supporting those of 

Vygotsky. These views are a poetic contribution towards my 

suspicion that the meanings assigned to words in a 

particular language influence the way a native speaker  of 

that language develops his or her cognitive structure. 

Anshen w r o t e  t h a t  

[tlhought itself must be accompanied by a critical 

understanding of the relation of linguistic expression 

to the deeper and most persistent in tu i t ion  of man. 

I t  is by virtue of the provocative power of language 

which grasps, shakes, and transforms that human beings 

become human. For nothing really human can be so 

without this meaning, whether the language be uttered 



or silent. (p.10) 

Anshen concluded that 

[l]anguage thus becomes indispensable not only for the 

construction of the world of thought but also for the 

construction of the world of perception, both of which 

constitute the ultimate nexus of an intelligible 

communion, spiritual and moral, between us a l l .  

Language i s  an energy, and activity, not only of 

communication and self-expression but of orientation 

in the universe. ( p p .  11-12) 

Skemp (1978) addressed a different aspect of word 

meaning. He cautioned that  ward meaning could be a "faux 

ami" (p.20) as far as understanding in mathematics was 

concerned. The faux amis are words which have the same 

spelling and pronunciation, or very similar spelling and 

pronunciation, but have different meanings. A simple nan- 

mathematical example of this was of an Englishman in the 

United States orderinq w h a t  he called a 'biscuit' and being 

given what he would call a ' s c o n e ' ;  he should really have 

ordered a 'cookie'. The ' b i s c u i t '  is an example of the 

same word used in the same language and context, w i t h  t w o  

meanings whose differences are basic but  non-trivial. 

Skemp observed that not all occurrences of this phenomenon 

will be as harmless as the biscuit; one should expect 

instances of serious confusion. 

In the field of mathematics, Skemp cited the word 
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'understanding' as being a faux ami. When a mathematies 

teacher asks a student, "Do you understand?'' and the 

student responds, "Yes, I understand" the teacher an@ 

student could be referring to two very different forms of 

cognition; namely, relational and instrumental. 

Thus word meaning would appear to be the crucial 

variable when studying how language, culture and thought 

a f f e c t  the learning of mathematics. With respect to my 

research, word meaning is particularly important for two 

reasons. First, if  Vygotsky w a s  correct about word meaning 

being the link between thought and language, then this 

implies t h a t  immigrant students may have their meanings - 
and hence their cognitive structures - formed by their 
first language. These cognitive structures could be 

significantly different from those developed by the Engii=p 

language, and consequently could have presented obstacles 

both to the students as they began to learn in an Enqlish- 

speaking classroom and t o  the ir  teachers w h o  may not have 

known how to best present material in order to speak to 

those cognitive structures. 

Second, if Skemp is correct about the faux ami, the  

meanings assigned to words by immigrant students as they 

made the transition to learning in English may not have 

been what their teachers expected or wanted those meanings 

to be. These differences could have led to difficulties i n  

learning mathematics. 



Level of Understandinq 

Through his analysis of word meaning, Vypotsky 

realized that w o r d  meanings did not remain static, they 

evolved - strengthening, weakening, changing. As the 

meaning changed so too did t h e  relation of thought ta w o r d .  

From these observations he determined that  there were 

stages in the development of word meaning, staues dopenaent 

upon the "continual movement back and forth from thought to 

ward and from word to thought'' (Vygotsky, 193411986, 

p.218). This is similar to what Spanos, Rhodes, Dale, and 

Crandall (1988) concluded in the Language section, which 

was that students moved through levels as they learned to 

function in English as a second language. 

Skemp's (1978) approach to t h e  theme of Level of 

Understanding was different. Instead of writing about 

stages or levels of understanding, he addressed different 

ways of understanding. He discussed one aspect of 

cognition relevant to the teaching of mathematics, 

specifically how a student understands a concept. After 

identifying 'understanding' as a faux ami, Skemp then noted 

that there are two kinds of understanding, relational and 

instrumental. Relational understanding means "knowing both 

what t o  do and why" (Skemp, p.20). Instrumental 

understanding means being able to use rules without 

reasons, and is exemplified by the student who wants to 

know how to obtain the correct answer without knowledge of 



why the method works. Skemp said that relational 

understanding, though requiring more work to obtain, was 

the more important way of understanding for mathematics 

students. 

Motivation and Attitude 

Vygotsky also determined that thoughts were mediated 

externally by signs, and internally by word meanin~s. The 

motivation for the thoughts included one's desires, needs, 

interests, and emotions. For Vygotsky it was only possi~L- 

to understand an individual's thoughts if one understood 

the thoughts' affective-volitional basis. 

Working from Vygotsky's ideas, Wilson, Teslow and 

Taylor (1993) identified three motivation-related 

contributions to the theory of teaching mathematics. The 

first is the primacy of the social factor, as it is key to 

providing the motives for the development of thoughts. 

Second, and somewhat related, is the importance of the 

connection between motivation and attitude development. 

Third, and again somewhat connected to the f i rs t?  is t h e  

role of dialogue. It is worth noting that dialogue also 

contributes to the development of word meaning. 

While she was investigating the effect of a society's 

culture on teaching practice, specifically regarding 

attitudes, Taylor (1993) wrote on how attitudes affected 

cognition. Her work was also derived from Vyqotsky's 

writings, especially his zone of proximal development which 
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had to do with the distance between an individual's currant 

development level and his or her potential level. She 

discussed how signs and symbols influence individual  

development, in other words how culture is  internalized. 

From there  she looked at  how attitudes (for example, 

towards mathematics class) are formed, and not surprisingly 

said they are dependent upon culture, family, 

socialization, schooling experiences, relationships with 

role models and mentors, and so on. Awareness of attituaes 

is important because the "intellectual development of many 

students is limited by educators' failure to reco~nize the 

importance of interactions as social processes affecting 

learning" (p. 1 3 )  . 
Thus the literature says that attitude and motivation 

are connected to cognition, and suggests a link between 

them and culture. In addition, it may also be worth 

remembering here D'Ambrosio's opinions  on civilising 

missions and cultural genocide, and the attitudes t h e s e  

activities may have created amongst some indigenous 

peoples. 

Concepts 

The final extension of Vyqotsky's work which became 

appropriate for my investigation into culture and lanquaqe 

has to do with concepts. Sierpinska (1993) used Vygotsky's 

theory of thought and language.. plus her own observations 

of ten- to fourteen-year-old school children, to examine 



41 

how concepts develop. She studied this development as it 

related to a student's learning of mathematical concepts, 

and determined that  it requited the learner to have 

knowledge of his or her own thinking processes. These 

processes included generalization, identification of 

features of objects, comparison and differentiation, and 

synthesis. It is quite likely that a student from a 

different culture will have different ways of performing 

these processes; recall for example that Denny (1980) found 

the fnuktitut word for circle not only means 'it is 

circular' but can also refer to irregular shapes like 

pebbles and ponds. Somewhat related to the ideas in the 

Level of Understanding section above, Sierpinska said that 

it was impossible for an adult to simply transmit his or 

her w a y  of thinking to a child; the child has to work at a 

child's level. This would require knowing w h a t  level or 

stage the child was at. 

The reviewed literature on cognition has added an 

additional layer of interest to several questions regarding 

an immigrant student's experience of learning mathematics. 

Will an immigrant student's way of understanding 

mathematics correspond to what is expected of him or her in 

an Ontario classroom? Is a student's level of 

understanding affected in any way if he or she began 

learning mathematics in another country and language? Doe5 

a student's culture or ethnic origin affect his or her 



motivation, or the way he or she develops concepts? 

Perhaps these questions could initially be associated with 

a culture or a language, but I n o w  see them as askinq about 

a student's cognitive structure - and how t h a t  structure 

developed. 

Before proceeding to the description of my research 

methodology, the mathematics topic used in my research 

needs to be reviewed. As was noted in Chapter One, one 

topic in mathematics was needed in order to effectively 

address the exploration of the three factors. The 

following section looks at the literature relevant to that 

mathematics topic: algebra. 

Review of the Related Literature: Mathematics 

For this study, the area of mathematics known as 

algebra as generalized arithmetic has been chosen  as t h e  

avenue with which to explore the learned mathematics of the 

immigrant students. I chose algebra in general because it 

is a fairly new topic to secondary school students; 

consequently I hoped for an opportunity ta investigate how 

a student's new concepts were developing. In addition, 

algebra requires the abstraction of the arithmetic rules 

students have used from their earliest mathematics lessons, 

so I also saw an opening for discussion with immigrant 

students on how their understandings of existing concepts 



were transforming. What follows is a review of the 

literature that led me to narrow my choice of topic to 

algebra as generalized arithmetic. 

Alqebra as Generalised Arithmetic 

There are several interpretations of algebra. One 

interpretation is that of generalized arithmetic (Usiskin, 

1988) . Generalised arithmetic involves the use and rnesninp 

of letters or variables as pattern generalizers. aelatad 

tasks include substitution, simplifying expressions, ana 

constructing, interpreting and solving equations. For 

example, 3 + 5 . 7  = 5 . 7  + 3 can be qeneralised as a+b=b+a. 

Slightly more complicated is taking the arithmetic values 

from various almanacs for the world record for running the 

mile and deriving the following equation for the world 

record time in seconds for running the mile Y years after 

1900: 

T=-0.4Y+1020 (Usiskin, p.11). 

Usiskin believed that generalised arithmetic has 

historical importance for its role in the development of 

formal mathematics. He pointed this out by notina t ha t  

within fifty years of generalised arithmetic's introduction 

to Western mathematics the field of analytic geometry was 

invented, and within one hundred years  calcuLus was 

invented. He also challenged disbelieving readers to try 

to describe the rule for multiplying fractions without 

using algebra (as generalised arithmetic) as a further 
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Use of Variables 

Kuchemann (1981) showed that, because letters 

("variables1*) can be used to represent a sinqle value, a 

group of values, or even a mathematical concept (such as 

using A for area), and because there is a move from the 

concrete (use of numbers) to the abstract (use of letters!, 

many students had difficulty with qeneralised arithmetic. 

The results of an algebra test, devised to sample a wide 

range of generalised arithmetic activities such a3 

substituting and simplifying, and constructing, 

interpreting and solving equations, suggested that "the 

extent to which the letters are meaningful to chiidren wiii 

be of vital importance in detemininq item difficulty. 

Furthermore, it seems likely that children may give 

different meanings to the letters, which in turn would 

affect item difficulty in that some items might be solved 

in unexpected waysu* (p.103). It is because of Kuchemann's 

reference to meaning, in conjunction with the previously 

discussed literature relating meaning to language and 

culture, that made this aspect of algebra attractive for my 

planned research. 

Kuchemann identified six categories used by his 

students when interpreting letters. They were: 

letter evaluated - the letter is assigned a numerical 
value from the outset of the student's answer 



(for example, if a+5 = 8 then a = 3 )  

@ letter not used - the letter is ignored, or acknowledged 

but n o t  given a meaning (for example, if a+b = 43 

then a+b+2 = 45) 

letter used as an object - the letter is treated as 

representing an object, or as an object itself 

(for example, 2a+5a = 7a) 

letter used as a specific unknown - the letter is treated 

as a specific but unknown number which can be 

directly operated upon (for example, add 4 onto 

n+5 = n+9) 

letter used as a generalised number - the letter is 
treated as being able to take on several values 

(for example, if c+d = 10 and c is less than d 

then c < 5) 

letter used as a variable - the letter is treated as 

representing a range of unknown values, and a 

systematic relationship exists between two of 

these ranges (for example, 2n is larger than n+2 

when n > 2 ) .  

He said that  students who only made use of the first three 

categories did not really grasp the real meaning of the 

beginnings of algebra; that is, they had no notion of 

generalized arithmetic. 

CSMS Levels of Mathematical Understandinq 

Kuchemann conducted h i s  research into use of v a r i a h  es 
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as a member of the Concepts in Secondary Mathematics and 

Science (CSMS) research team at Chelsea College, University 

of London. This team developed the Chelsea Diagnostic 

Mathematics Tests. These tests w e r e  used as diagnostic 

instruments to determine a student's Level of understand~ng 

in a number of mathematical areas, including algebra as 

generalised arithmetic. They were administered to 

approximately ten thousand English school children between 

the ages of 13 and 15 in the late 1970s. 

The algebra portion of the Chelsea Diagnostic 

Mathematics Tests had correlations ranging from 0 . 6  to 

above 0 .7  with the other Chelsea Tests. In addition, it 

was found to have a correlation of about 0.7 with raw 

scores on the NFER Non-Verbal Test DH. Test DH, also known 

as the Calvert DH Test, was a t e s t  of non-verbal reasoninq 

used in England at the time the Chelsea Diagnostic Tests 

were being developed (Hart, Brown, Kerslake= Kuch9mann.. &. 

Ruddock, 1985; Kiichemann, 1981). 

From the algebra portion of the Chelsea Diagnostic 

Tests, Ktichemann (1981) identified four levels of 

understanding for generalised arithmetic. Students at 

Level 1 could deal with problems that were purely numerical 

or that could be successfuily solved using the first three 

categories described above, and for comparison's sake 

corresponded roughly with a Piagetian early concrete sub- 

stage. Level 2 was a more complex version of Level 1 and 
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contained some ambiguity. Students at Level 2 still could 

not consistently cope with the last three categories. In 

Piagetian terms this corresponded to the late concrete sub- 

stage. The next level, Level 3 (Piagetian early formal 

sub-stage), was for students w h o  could use letters as 

specific unknowns, but only to a simple degree. Finally, 

Level 4 w a s  for those who could function with all of the 

last three categories described above, and corresponded 

with a Piagetian late formal sub-stage. 

Kuchemann reported the levels of understanding as 

displayed in Table 3 .  Notice that the percentage of Level 

0 and Level 1 students dropped dramatically from 60% with 

the 13 year olds to 41% with the 14 year olds. Kuchemann 

speculated that the performance difference noted between 

the 33 and 14 year olds could be due to an increased 

familiarity with and emphasis on algebra. In Vygotskian 

terms this increased familiarity could be due to the 

ongoing movement between thoughts and words related to 

algebra, mediated by developing word meaning, and resuitinq 

in better developed concepts. 

Kuchemann also noted that in each age group over fifty 

percent of the students were not able to cope with items 

that could be properly called algebra. The age groups he 

studied correspond roughly with the age range for Ontario's 

Intermediate school division, which is also the division in 

which algebra is introduced. Given the focus of the 



Table 3 

Percentage of Students at each Algebra Level (Hart, 1981. 

p. 116) 

Age 13 years 14 years 15 years 

Level 0 10 6 5 

Level I 50 35 30 

Level 2 23 24 23  

Level 3 15 29 31 

Level 4 2 6 9 

present research on the early secondary school years, 

algebra as generalised arithmetic is thus a reasonable 

topic to choose. Further, the Cheisea Diagnostic Test i s  

ava i lab le  as a well-defined diagnostic tool which allows 

for some speculation and discussion on cognition. 

Summary 

This chapter has focussed on literature related to the 

learning of mathematics as it is affected by language, 

culture and cognition. I began considering only language 

and culture, but cognition has emerged as an additional 

critical factor. Numerous themes relating to these three 

factors r e s u l t e d ,  themes which could guide my investigation 

into an immigrant student's learning of mathematics. 

Cognition themes which were discussed illustrated how 

thought and language could work together throuqh word 

meaning, how understanding could move through stages or 

levels, how motivation and attitude could contribute to 
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cognitive development, and how concepts could be developed.. 

In addition, these cognition themes overlap. Overall it 

seems quite plausible that an immigrant student-'s cognitive 

structures could have been developed by his or her language 

or culture, and therefore it will be interestinq to examine 

the effects of those structures with some inmiqrant 

students. 

Also important to the learning of mathematics are 

language issues such as proficiency, the effects of 

bilingualism, and the consequences of the words or symbols 

used by a language. Although I have already stated that 

language seems to play a part in cognition. these three 

language themes appear to be worth examining separately 

from cognition. The same is true for the themes I have 

identified pertaining to culture. Cultural issues 

important to the learning of mathematics include that the 

curriculum could be culturally distant for a student, or 

that  the student's culture could contain either different 

ways of addressing mathematics or characteristics which 

inhibit learning. There could also be effects from being a 

member of a minority culture. 

The reviewed literature has suggested all of these 

themes are important for the learning of mathematics, with 

particular implications for immigrant students in Canadian 

classrooms. As a result, I began to sketch out  a plan t h a t  

would allow me to explore these themes with some immigrant 
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students. It would not be a straightforward process but, 

using the methods employed by some of the reviewed 

researchers as a guide, a methodology which is now detailed 

in Chapter Three w a s  developed. 



CHAPTER THREE 

Methodology 

Chapter Three begins by describing the choice of 

mathematics topic used for my research. A rationale for 

the research design and introduction to the four students 

who agreed to participate in the research follows- The 

method of data collection is then described, divided into a 

first and second interview. Finally, the method for 

analysis is discussed. 

Mathematics Topic 

In Ontario, mathematics is mandatory to the end of 

grade 8 and a student needs two secondary school 

mathematics credits in order to successfully complete 

secondary school. In other words all Ontario secondary 

school students must take at least grade 9 mathernatics- 

Thus, because of its explicit inclusion in t h e  mathematics 

curriculum, every s tudent  in grade 7 to 9 must take 

algebra. A good grounding in algebra at this level is also 

crucial for success in future mathematics courses because. 

regardless of whether the student continues in the general 

or advanced stream, he or she will be exposed to algebra 

again. 

In addition, algebra is relatively new to all students 

at the grade 7 to 9 level. This makes it appropriate as a 

topic to use as an investigative tool because the ideas 

will still be relatively fresh. Students will have been 
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exposed to other mathematical topics for several years ana 

consequently because of familiarity may not be able to 

identify how or why they perform certain mental tasks. The 

newness of algebra should make it easier for a researcher 

to identify factors affecting students' learning. 

But algebra includes many topics even at that level, 

thus a specific subset of the algebra curriculum - the use 
and interpretation of letters in generalised arithmetic - 
was selected as a focus. As described in Chapter Two. 

generalised arithmetic includes t a s k s  such as substitution, 

simplifying expressions, and constructing, interpretinq and 

solving equations. 

Research Des iqn 

A qualitative research design was chosen because of 

the type  of data I wished to obtain. As defined by Bogdan 

and Biklen (1982), qualitative research has the following 

five features : 

1. Qualitative research has the natural setting as the 

direct source of data and the researcher is the key 

instrument. 

2. Qualitative research is descriptive. 

3. Qualitative researchers are concerned with process 

rather than simply with outcomes or products. 

4. Qualitative researchers tend to analyze their data 

inductively. 

5. "Meaning" is of essential concern to the 



qualitative approach. (pp.  27-29) 

In particular it was the second, third, and fifth 

features that determined the choice of a qualitative 

approach. Being descriptive meant that the participating 

students would be known as individuals. An exploratory 

process was necessary because this research is concerned 

with the process of learning mathematics, rather than the 

outcome of what mathematics the students knew. Meaning was 

vitally important because of the emphasis placed on it by 

the reviewed literature, especially with respect to 

cognitive development. 

In selecting the subjects, students from varying 

backgrounds who met a number of requirements w e r e  sought-  

In order to be able to compare Ontario mathematics classes  

with those of another country, the research subjects should 

have been in Canada long enough to have experienced enough 

schooling here to make such a comparison meaningful. A 

consequence of this length of residency is that they should 

have obtained a conversational level of English 

proficiency, making the interview process easier. Also, as 

both positive and negative influences were to be sought and 

analyzed, it was expected that the research subjects would 

have had some success in mathematics classes. Finally, as 

algebra at the grade 9 level was the topic on which the 

research was based, the research subjects needed to have 

completed or be then taking grade 9 mathematics. 
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The English as Second Language teacher at a London 

public secondary school recruited four students who met all 

or most of the criteria. Three were girls and one was a 

boy. All were in grade 9 at the time. 

The Four Students 

For the sake of confidentiality, all the students have 

been given pseudonyms. A b r i e f  description of each student 

follows. 

Kim was a vibrant talkative young woman who identified 

herself as being from South Vietnam. She was not sure how 

long she had been in Canada, but from her responses to the 

interview questions I determined she had been in Canada 

just under seven years. Prior to coming to Canada Kim had 

also lived in Cambodia, Thailand, and one other country 

whose name she could not remember. She was not sure what 

her mother tongue is, but spoke Cambodian, English, and 

some Vietnamese. Nor was she clear who her parents were,  

as she spoke of being swapped as a child but also spoke of 

her mother, father and brother in the present tense. Kim 

often described herself in negative terms, in several cases 

comparing herself to her brother whom she described as 

smart and who did not need to take ESL. She regularly 

spoke about being in conflict with her parents. She said 

that she first entered a Canadian classroom at the end of 

grade 2, so grade 3 was her first complete year in a 

Canadian school. She had completed grade 9 mathematics at 
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the time of her interviews. 

Jane was a very soft-spoken young woman from Libya. 

She had been in Canada only four months, having just 

arrived from Libya. Jane seemed quite eager to please 

during our two interviews, bringing in a couple of her 

Libyan mathematics texts, introducing me t o  her younger 

brother cwhom she seemed quite proud of as he too had been 

placed in grade 9 ) ,  and showing me her latest mathematics 

test. Her mother tongue is Arabic, and her parents had 

started teaching her the English alphabet when she was  s i x  

years old. She began learning English formally in grade 10 

in Libya, which was the grade she was in when she moved to 

Canada. Prior to then her education had been conducted in 

Arabic. I found Jane the most difficult of the students to 

communicate with, because of her inability to express 

herself in a way 1 always understood and because of her 

frequent misunderstanding of what I was asking her. She 

was taking grade 9 mathematics at the time of her 

interviews. 

Dorothy identified herself as being Kurdish, from the 

Iraqi part of what i s  known as Kurdistan. She struck me as 

someone with a strong will and strong opinions, and a 

willingness to express those opinions,  making her a v e r y  

interesting person t o  have discussions with. Dorothy had 

been in Canada four years when I interviewed her. Prior to 

coming to Canada she had spent four years in a refugee camp 
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in Turkey, and also lived in one other country whose name 

she could not remember. One of her brothers had died at 

the camp; she introduced me to another brother and an alder 

aister at her secondary school. Her mother tongue is 

Kurdish, but she had also learned Arabic and a language she 

thought was called Suranye. She knew little English before 

arriving in Canada. Dorothy had completed grade 9 

mathematics at the time of her interviews. 

Jacob had arrived from Guatemala approximately t w o  

years earlier, and had spent all of his life prior to that  

in Guatemala City - the capital of Guatemala. he appeared 

to be of Mayan ancestry, as opposed to Spanish ancestry, 

but that was something he did not confirm. Jacob was v e r y  

polite and accommodating during our interviews. He d i d  n o t  

reveal much about himself beyond the bounds of the 

interview questions, and his answers to those questions 

were in general quite brief. His mother tongue is Spanish, 

and he had learned some English in Guatemala. Jacob had 

completed grade 9 mathematics at the time of his 

interviews. 

Data Collection 

To collect the data from each student, two interviews 

were conducted. Each lasted no more than forty-five 

minutes, and was held at the students' school either durina 

their lunch period or after classes had ended. The first 

interview was guided by a prepared list of questions. The 
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second interview involved the students' attempting a set of 

mathematics problems. Both interviews were tape recorded 

and transcribed in their entirety. The students' notes 

from the second interviews were also kept. 

I chose interviews as the method of data collection 

because, in the words of Bogdan and Biklen (1982), "the 

interview is used to gather descriptive data in the 

subjects' own words so that the researcher can develop 

insights on how subjects interpret some piece of the world" 

(p. 135). In addition, the reviewed literature that struck 

me most used the research subjects' own words, and I wanted 

to attempt similar work in order to have the same powerful 

and yet personal effect. The actual type of interview I 

prepared I would term 'moderately structured.' Referrinp 

again to Bodgan and Biklen, it allowed me as interviewer 

the ability to pursue a range of topics while still 

allowing the student being interviewed opportunities to 

shape the content of the interview. 

Interview One 

The first interview was on the student's life up to 

the tine of the interview. It was designed to seek 

information on culture ,  language and cognition factors by 

gathering data which could be used to reflect upon the 

theories described in Chapters One and Two. There were 

eleven initial questions. These questions were intended to 

relate to the variables found in the reviewed literature. 



The questions used with each student, and their 

justification from the literature, follow. The primary 

literature support was presented earlier in Chapter Two. 

Note that some questions may initially appear to address 

one factor or theme but, given the overlapping nature or 

language, culture and cognition, in fact could address 

several. It should also be noted that  in each case these 

questions were the starting point for discussion with the 

students. Additional questions grew out of their 

responses. 

What countrv did you come from? This question would 

reveal the student's origins, and lead to further 

discussion on mother tongue and culture. Myers and Milne 

(1988) considered home and primary language as factors 

affecting the learning of mathematics. Vygotsky 

(1934/1986) and Wilson, Teslow and Taylor c1993) wrote 

about social motivation as it related to the development of 

thought, hence my interest in learning about the student's 

culture. Also pertaining to culture, Leap (1988) and 

Ascher (1994) spoke of cultural inhibitors which could 

affect the learning of mathematics. 

What memories of school and math class do you have 

from there? This question continued the discussion on the 

student's culture, or at least the student's experiences in 

a learning environment outside of Canada. Again this 

applies to motivation, and could a l so  reveal the roots of 
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the student's attitude towards mathematics. Taylor (1993) 

said that attitude was dependent upon culture, 

socialization and schooling experiences, among other 

factors. 

Who helmed you w i t h  your homework? Myers and Milne 

(1988) considered home environment a factor i n  mathematics 

achievement. Taylor (1993) wrote of a student's 

relationships with mentors, role models and family in the 

development of attitude. This question could lead into 

further discussion about cultural views of student work- 

What lanuuaqe do you speak at home? Home language and 

primary language were factors considered by Myers and Milne 

(1988). Clarkson (1992) and Saxe (1988) studied the 

effects of bilingualism on learning. Vygotsky (1934/1986) 

felt that thought and word meaning were intimately linked, 

suggesting that working in a different language could 

affect one ' s learning. Skenp (1978) wrote about the "faux 

ami," where the same word could be used w i t h  different 

meanings. B e r r y  (1985)  discussed the structure of a 

person's language having an influence on his or her 

cognitive processes. Vygotsky (1934/1986) and Spanos, 

Rhodes, Dale, and Crandall (1988) wrote about stages in 

word meaning, with the latter authors saying it could take 

as long as seven years for a student t o  become proficient 

enough in a second language to function effectively in 

cognitively demanding t a s k s .  
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Thus the literature led me to suspect that i f ,  amonq 

other things, cultural or ethnic variances in cognitive 

structures did exist, a student's preference to work in his 

or her mother tongue would be a clue to those variances. 

When you are doincr a math problem, do you think in 

Encrlish or in your mother tonoue? This question again 

relates to the connection between thouqht and languaqe, but 

was also motivated by Berry's (1985) discussion of 

culturally distant curriculum when a mathematics student in 

Botswana thought in English ( p .  21) . This was the last 

question to do with what could be called objective data. 

What do YOU think mathematics is? This was the first 

question to do with the student's perceptions. D'Ambrosio 

(198Sb) wrote of out-of-school applicable mathematics 

versus school mathematics. He also coined the word 

ethnomathematics (1990), implying that different cultures 

had different understandings of mathematics. Nunes (1992) 

wrote about multiple mathematical systems existing within a 

single culture. 

With this question there was an expectation that, with 

some probing, a student would reveal that mathematics was 

done 'differently' in his or her home country. 

Do you think your teachers in the other country were 

strict? This question was intended to open the discussion 

on differences the student perceived between the 

functioning of a Canadian classroom and their other 



classroom experiences. It could uncover clues about 

attitude and motivation, expose some cultural inhibitors, 

and perhaps even reveal 'strict' to be a faux ami. Also, 

as Ogbu (1992) bad written of the effects on learning of 

being in a minority culture, this question could sugqest 

evidence of different treatment of minorities. 

What do you find different in math classes in Canada? 

This question could potentially reveal a huge quantity of 

data pertaining to the learning of mathematics. Presmeq 

(1988) wrote about living with the influence of several 

cultures. This question could also uncover data on 

cultural inhibitors, minority cultures, and other 

mathematics, as well as on the connections between thoupht 

and language and the question of language proficiency 

already mentioned. 

What do you find difficult about mathematics as it is 

taucrht in Canada? This question continues from the 

previous one, but could also produce data for two important 

concepts. Given that the students had come from other 

countries, I anticipated the issue of language would be 

raised. In addition to the theories of stages of meaning 

and language proficiency mentioned earlier, Sierpinska . 

(1993) looked at the development af concepts as it related 

to the learning of mathematics, and said one needs a 

knowledge of one's own thinking processes. This might be 

more difficult in a new language. 
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What, if anythina, do you like about mathematics? 

This question is another pertaining to attitude. 

Do vou do anything YOU perceive of as mathematics 

outside of the school environment? This question could 

provide data for D'Ambrosio's (1985) and Nunest (1992) 

theories of different types of mathematics, and for 

Presmeg's (1988) discussion of living under the infiuence 

of multiple systems. It was used in conjunction with the 

question, "What do you think mathematics is?" 

Interview Two 

The second interview was mathematics specific. Each 

student was given a selection of questions from the Chelsea 

Diagnostic Mathematics Test for algebra. Instead of simply 

answering the questions in writing, I asked each student to 

talk through each question as he or she was doing it so 

that I could try to understand his or her thinking. Aiso, 

inspired by Vygotsky's (1934/1986) concept of the zone of 

proximal development, I tried - i f  a student w a s  stuck w i t h  

a problem - to gently prompt him or her to see if and how 

an answer could be obtained. 

The specific questions selected from that test for use 

in the second interview are found in Table 4. The 

questions were chosen based on Kiichemann's (1981) analysis 

of Chelsea algebra test results. In fact, they are the 

exact  questions he chose to illustrate his six categories 

of children's interpreting of letters: letter evaluated, 



Table 4 

Selected Chelsea Diaanostic Test Quesstions, with Level and 

Cateuory 

Question Category Level 

3 .  W h i c h  is the larger, 2n Letter as 
or n+2? Variable 

4. 4 added to n can be Letter as 
written as n+4. Add 4 Specific Unknown 
onto each of these: 
(i) 8 
( i i )  n+5 
(iii) 3n 

n multiplied by 4 can be 
written as 4n. Multiply 
each of these by 4: 
( i v )  8 
W n+S 
( v i )  3n 

( i i )  If 11-246 = 
762, n-247 = 

(iii) I f  e+f = 8 ,  
e+f+g = . . , 

Letter Not Used 

6 .  ( i)  What can you Letter Evaluated 
say about a if 
a+5 = 8 

(ii) What can you 
say about b if 
b+2 is equal 
to 2b 

11. (i) 

( i i )  

What can you Letter Evaluated 
say about u if 
u = v+3 and v 
= 1 

What can you 
say about m if  
m = 3n+l and n 
= 4 



13. a+3a can be written more Letter as Object 
simply as 4a. Write 
these  more simply, where 
possible: 
(i) 2a+Sa = 
(ii) 2a+Sb = 
(iii) (a+b) +a = 
( i v )  2a+5b+a = 
(v) (a-b) +b = 
(vi) 3a-(b+a) = 
(vii) a+4+a-4 = 
(viii) 3a-b+a = 
(ix) (a+b) + (a-b) = 

14. What can you say about r Letter Evaluated 3 
if r = s+t and r+s+t = 
30 

16. What can you say about c Letter as 
if c+d = 10 and c is Generalised 
less than d Number 

18. When are the following Letter as 
true - always, never, or Generalised 
sometimes? Number 
(i) A+B+C = C+A+B 
( i i )  

N/A 
L+M+N = L+P+N 4 

2 2 .  Blue pencils cost 5 Letter as Object 4 
cents each and red 
pencils cost 6 cents 
each. I buy some blue 
and some red pencils and 
altogether it costs me 
90 cents. If b is the 
number of blue pencils 
bought, and if r is the 
number of red pencils 
bought, what can you say 
about b and r? 
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letter not used, letter used as an object, letter used as a 

specific unknown, letter used as a generalised number, 

letter used asvariable. My hope was that the insiuhts 

Kuchemann described with regards to these particular 

questions could help shed light on the cognitive workings 

of the students participating in my research. 

Method for Analysis 

The data from the first interviews was read and re- 

read to look for emergent themes. Bogdan and Biklen wrote 

that  this kind of approach would allow one to "attempt to 

gain entry into the conceptual world of [the] subjects ... 
in order to understand how and what meaning they construct" 

( p .  31). While the theoretical constructs drawn from tne 

reviewed literature are helpful, "[iJntetpretation . . .  is 
essential" (Bogdan and Biklen, p. 34) . 

To allow for this interpretation, the data from the 

first interviews were divided into 'meaning units.' Each 

interview question was motivated by constructs drawn from 

the reviewed literature, and each meaning unit corresponded 

to one construct. A systematic method was needed in order 

to extract the individual units of meaning from the 

transcripts. First the transcripts were read to relate the 

responses to each of the eleven interview questions. This 

resulted in nine blocks of text responding to the first 

question, nine for the second question, six for the third 

question, five for the fourth,  four for the fifth, four for 



the sixth, ten for the seventh, fifteen for the eighth, 

seven for the ninth, four for the tenth, and six for the 

eleventh question. The fact that there are in some cases 

more blocks of text per question than there were students 

is a consequence of the nature of the interviews; a h l a c ~  

is an uninterrupted subset of a transcript answering one of 

the eleven initial questions, but due to the ebb and flow 

of the discussion sometimes a complete answer took several 

attempts to  obtain. 

The blocks, or responses to the questions, were read 

again and again until I could identify meaning units within 

the blocks. The meaning units I identified were not 

restricted to the constructs  which informed each of the 

eleven questions; additional unanticipated constructs also 

arose. An example of a meaning unit comes from part of 

Jacob's response to the question 'What do you find 

different in math classes in Canada?'. T h e  foliowlnq was 

identified as a block of text pertaining t o  that question: 

Mark : 

Jacob : 

Mark : 
Jacob : 
Mark : 
Jacob : 
Mark : 

Jacob : 
Mark : 

When you came to Canada, when you first went co a 
Canadian school, did you go ... was there 
anything that you thought, "This is v e r y  
strange"? You know, that they are doing things 
... either teaching differently or dressing 
differently or have different rules ... 
Dresses, yeah. They are different. Because we 
don't dress like this. We use uniforms. 
Oh, you had to w e a r  uniforms? 
Yeah, we had to buy uniforms. 
In the College and the Private School, or both? 
Yeah, the two of them. 
And do you think that's good to wear a uniform? 
Or do like dressing in your ... 
Well, sometimes I like t o  use uniform. 
Why is that? 



Jacob : Cause you show your clothes. You don't have 
nothing to wear when (?) ... Or, when somebody 
sees you, they see that you are from that school. 
Cause you wear uniform. 

1 considered the portion of this block where Jacob speaks 

about wearing a uniform, 

Jacob : Well, sometimes I like to use uniform. 
Mark : Why is that?  
Jacob : Cause you show your clothes. You don't have 

nothing to wear when (?) . . . Or.. when somebody 
sees you, they see that you are from that school.  
Cause you wear uniform. 

to be a meaning unit referring to motivation - specifically 
his pride in his school. Some meaning units were lonqer 

than this example, and others were a single line. 

Of the constructs identified which were not 

anticipated in the design of the question, most of these 

were constructs already described in the literature review. 

However, after some reflection I added one new construct 

which I have termed 'Stability.' Table 5 illustrates the 

breakdown of meaning units by student. 

Regarding interview two, the students' solutions to 

the Chelsea algebra questions which had a level associated 

with them were scored using the scheme provided with the 

tests. Each solution was assigned a code, as follows: 

Code 0 - not answered 
Code 1 - correct 
Code 2 - ambiguous 
Code 3/4 - letter evaluated 
Code 5/6 - letter as object 



Table 5 

Meaning Units Per Construct by Student. F i r s t  Interview 

Student 

Construct Dorothy Jacob Jane Kim Total 

Language 

proficiency 6 3 1 3 13 

bilingualism 5 5 4 4 18 

words or 3 
symbols used 

Culture 

culturally 
different 
curriculum 

multiple 
systems 

cultural 
inhibitors 

majority 
Versus 
minority 
culture 

Cognition 

0 word meaning 

level of 
understanding 

motivation 
and attitude 

concepts 

Home 
Environment 

Stability 

T o t a l  64 40 38 69 211 



Code 7 - letter not used 

Code 8 - premature closure 
Code 9 - none of the above. 

Codes 3 to 9 refer to how the  student reached an incorrect 

answer, allowing some insight into his or her thought 

processes. Codes were assigned for the student's original 

solution, and the solution obtained after being prompted. 

These codes were then assembled in a table to see if any 

insight into the students' thought patterns could be gained 

from analyzing the results and comparing with Kiichemann's 

work. That table is reproduced in Table 6 .  

In addition, the tape recordings of the students' 

answers to my questions and promptings during the second 

interviews, as well as their written work from solving the 

Chelsea questions, w e r e  searched far additionai meaninq 

units to add to those of the first interviews. I 

anticipated that the transcripts and written work from 

these interviews could relate to Vygotsky's (1934/1986) 

stages of meaning, Sierpinska's (1993) development of 

concepts, Skemp's (1978) ways of understanding, and Spanos,  

Rhodes, Dale and Crandall's (1988) mathematics register. 

The meaning units I identified, itemized in Table 7 ,  were 

added to the list of meaning units prepared from the f i r s t  

interviews. 

The complete list of meaning units was then reread and 

the meaning units classified as either interesting or 



Table 6 

Chelsea Solution Codes Per Question by Student 

Student 
- - 

Question Dorothy Jacob Jane K i m  

3 .  8 8 8 4,  
prompted 8 

4. (iii) 7 1 1 7 * 
prompted 9 

7 7 * 2 ,  Y 
prompted 2 prompted 1 

5. ( i )  1 1 1 9 ,  
prompted 1 

5. (iii) 9 1 1 9 

6 .  ( i )  1 9 ,  1 1 
prompted 1 

11. ( i )  0 8 9 ,  1 
prompted 1 prompted 1 

11. (ii) 

13. (i) 9 ,  1 
prompted 1 

13. (ii) 1 9 ,  1 
prompted 8 

13. (iv) 1 1 Do 9 

13. (v )  9 9, 2 ,  -- 
prompted 1 prompted 1 

1 3 .  -- 
( v i i i )  

1 0 ,  0 ,  9 
prompted 1 prompted 1 

0, 0 ? 1 
prompted 8 prompted 1 

18. (ii) 8 8 0 ,  8 
prompted 2 

22. 0 8 9 9 ? 0 ,  
prompted 9 prompted 5 prompted 9 



Table 7 

Meanincr Units Per Construct bv Student. Second Interview 

- 

Student 

Construct Dorothy Jacob Jane Kim Total 

Language 

proficiency 4 5 0 0 9 

Cognition 

0 word meaning 0 0 1 1 2 

level of 4 3 2 12 21 
understanding 

motivation and 0 
attitude 

concepts 3 3 2 8 16 

Total 11 11 5 22 49 

uninteresting with respect to my investigation. This 

process continued until I felt I had a good understanding 

of how the students'  responses fitted i n  with the theories 

I was exploring. The results of this analysis are given in 

Chapter Four, and my thoughts on other unanticipated themes 

are in Chapter Five. 



CHAPTER FOUR 

Resuits 

In the preceding chapter the methodology for obtaining 

and analyzing the data was described. In this chapter the 

results of that activity are presented using the three 

headings of language, culture, and cognition. The use of 

these headings follows the way the reviewed literature was 

presented, and is not meant to imply that the headings will 

be looked at in isolation. To facilitate reporting, each 

heading is further subdivided. The meaning units derived 

from the data of the first and second interviews provide 

the basis for the results. Excerpts drawn from those units 

will be used to illustrate certain points. In those 

excerpts the name 'Mark' identifies the researcher; t h e  

other names are the pseudonyms given to the students in 

Chapter Three. 

tancruacre 

From the analysis of the literature reviewed in 

Chapter TWO, three themes in which language could affect 

the learning of mathematics emerged. The interviews 

produced data for all of those themes: proficiency in the 

working language, words or symbols used by a language, and 

bilingualism. 

Proficiency in Workincr Languaoe 

A student in one of Ontario's English-speaking 



mathematics clas~rooms needs a working proficiency in the 

language. In addition, Spanos, Rhodes, Dale, and Crandall 

(1988) suggested that a certain amount of proficiency is 

required in the language of mathematics - the mathematics 
register. Thus the theme of proficiency was explored with 

each of the four students. 

All of the students required some degree of assistance 

with reading and understanding the Cheisea Test q u e s t i o n s .  

This may simply have been due t o  a lack of familiarity with 

t h e  English lanquage, but could also be seen as suqqestinc 

they had not completely developed their mathematics 

registers. In other words, they may have recognized the 

words but not understood their context within the 

mathematics problem. 

Regarding proficiency in English, all four students 

reported that they thought i n  English and spoke English at 

home. However, there were variations amongst them as to 

the quality and quantity of English used. 

Dorothy said that  she had to think in English, 

otherwise she would blurt out Kurdish words. She had haa 

little formal English language training before coming to 

Canada, and seemed to have trouble functioning i n  Enqiish 

when she had several concerns on her mind. The latter 

point came to light as she digressed from her answer to m y  

question of how Canadian teachers compared to her ather 

teachers. 



Excerpt 1 : 
Dorothy: He doesn't go slow on you. And he goes, "Okay, 

tomorrow's the test." "Like, what's i t  on?" 
"Tomorrow's t h e  test on the  section t h a t  w e  
studied." And then w e  have to go through a1 1 t h e  
section to just try to memorize it. And then 
sometimes we have homeworks from other classes 
too. And we have to t r y  and remember. Once I 
had a speech to do. And I had to remember 
Business because we had a test there. So 1 went 
up to the . . . up in the front of the class. And I 
was saying my speech. But I couldn't remember 
anything because Business was in my head. I 
studied tha t  a lot. I t  was in my head. I 
couldn't ... And then I had to go sit down. 1 
couldn't say my speech. Because of Business ... 
The Business was keep coming in front of my eyes 
and in my mouth. 
When ... when you are thinking about your 
speeches or your Business, do you think in 
Kurdish and then translate it into English or are 
you thinking in English? 

Dorothy: I think in English. I can't think in Kurdish. 
Mark : No? 
Dorothy: No. I do that I'd probably say it to the  class. 

Mark: 

Dorothy clearly was  s t i l l  making conscious efforts to 

communicate in the language. 

Kim, on the other hand, spoke English seemingly 

without effort, and in my estimation was the most 

proficient English speaker of the  four students. She s a i d  

that her father had taught her some English, and given the 

length of her stay in Canada she had had the most immersion 

in the language. K i m  reported that she thought in English, 

but spoke a mixture of English and Cambodian at home. 

Jacob reported that he thought both in Spanish and in 

English. During the two interviews, however, he did not 

indicate that he had switched to thinking in Spanish, so 

there was no opportunity to explore t h e  circumstances in 



which he would need to think in Spanish. At home he 

generally spoke Spanish, although he occasionally used 

English with his brothers. He did not understand several 

of the Chelsea Test questions until prompted or assisted 

with interpretation. 

Despite having had little formal English training, 

fane also reported thinking in English. She had been 

introduced to the language by her parents while in Libya. 

This fact took me several attempts to determine, as I often 

misunderstood w h a t  Jane was trying to tell me. The 

following excerpt gives some background to her English 

'lessons', and also serves to illustrate the difficulty we 

had in communicating with each other. 

Excerpt 2 : 
Mark : You've only been speaking English for a year? 

For one year you've been ... you said you started 
learning English in grade lo? 

Jane : No. At home my parents teach m e  h o w  to speak anc 
read English. 

Mark : Oh. I thought you had just begun learninq 
English in grade 10, and that was, like, one 
year. 

Jane : Yeah, because we were in America. 
Mark : Oh, I see ... Okay, now I'm getting a little 

confused. You w e r e  in grade 10 in Libya ... 
Jane : Yeah. 
Mark : ... and then you w e n t  to Canada ... 
Jane : Canada. 
Mark : ... just in January. Of this year? January 

1996? 
Jane : Yeah. 
Mark : But your parents were speaking English at home in 

Libya? Is that ... 
Jane : Yeah. They know English. They know lots of 

English. 
Mark : So when you were a small baby they started to 

teach you? Is that right? 
Jane : When I was six years' old I (unclear) the 

alphabet. A ,  B, C, D. Somehow (unclear) hard 



work, or jus t  they teach m e .  
Mark : Do many people in Libya speak ... unusual? 
Jane : N o t  so. 

Given this excerpt and others from Jane 
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English, or is that 

that will follow, 

it is not surprising that she acknowledged the only thinq 

she had difficulty with in mathematics class in Canada was 

the words. 

Thus proficiency did appear to be an important, if not 

surprising, factor in the students' mathematics learning 

experiences. 

Bi l inmal i sm 

Also pertaining to language was the theme of 

bilingualism. The reviewed literature had suggested that 

proficient bilingual students could have advantages with 

respect to learning mathematics. As it turned out, the 

analysis of the interviews conducted with the four students 

did not support this effect. 

As noted earlier, all the students in my study were 

bi- or multilingual to some extent. However, it appeared 

that the least competent English speaker - Jane - was the 
most successful of the four students at mathematics, and 

the most competent English speaker - Kim - was the least 
successful. 1 base this conclusion on m y  experiences with 

each student during the second interviews. With respect to 

the theories of the effects of bilingualism on mathematics 

achievement, this observation initially appears to 

contradict Saxe (19881, who had concluded that growing up 



bilingual positively influences some aspects of a child's 

cognition about the arbitrariness of numerical conventions, 

and Clarkson (1992), who had theorized that students 

competent in both English and their mother tongue had an 

advantage in mathematics achievement over students 

competent in just one language. 

Perhaps other factors came into play which countered 

the effects of bilingualism. More will be said on this in 

the summary section. 

Words or Symbols Used in Particular Lanquaqes 

The third theme to explore with respect to languaqe 

was words or symbols used by a language. The reviewed 

literature suggested that the number words or ways of 

symbolically representing numbers in some languages can 

either facilitate or hinder arithmetic competence. With 

four students from such diverse backgrounds it was 

conceivable that each could have been exposed to different 

number systems that affected their learning of mathematics 

once they came to Canada. Two of the four students had in 

fact been exposed t o  different ways of writing or 

expressing numbers. 

Jacob was exposed to Mayan numbers while at school in 

Guatemala City. He had to learn their numbers f o r  one to 

twenty. However, he said that this was presented as 

history, and that the Mayan numbers were not actualty used 

in any computations. Nor were they used in daily life in 
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the city. The numerals and symbols he used in school wore 

identical to those used in Canada. 

Dorothy did learn a different way of expressing 

numbers, and it did affect her learning of mathematics. 

Kurdish numerals have, in some cases, the same appearance 

but different meaning to the Arabic numerals used in 

Canada. I asked Dorothy to write out the Kurdish 

equivalents of some Arabic digits, which are given in Table 

8. 

Table 8 

Kurdish Equivalents of Some Arabic Numerals 
- - -- -- 

Arab i c Kurdish 

The Arabic number for one hundred and twenty five, 

"125", would be written in Kurdish as "I<Ow. Conversely, 

if Dorothy had written "1<0" in Canada, her teacher would 

have read it as "one is less than zero," an incorrect 

statement. The number ten would be written as " I . " ,  which 

would lead t o  problems when a sentence ended in the number 

1 followed by a period. Finally, a decimal number l i k e  

three decimal zero one, written in Arabic as "3.0lU, would 



mean four thousand and fifty one in Kurdish. 

The different values attached to the numeric symbols 

did affect Dorothy's learning experiences. This next  

excerpt illustrates her difficulties when she first arrived 

in a Canadian mathematics classroom. 

Excerpt 3 : 
Mark : So did you find it difficult, then, changing from 

this kind to Canadian writing? 
Dorothy: Yeah. Zero in our language it ' s a five. It ' s a 

five, zero. It's a five. 
Mark : That means five? 
Dorothy: Yeah. And I didn't understand it. So when I 

tried to calculate I did it all wrong. And right 
here? Where it was a three, I thought it was a 
four. 

Mark : That would be difficult! ... That's kinda neat ... So did they teach you how to multiply and 
that, in your own language? 

Dorothy: No. We were doing adding and subtracting. 
Mark : Oh, okay. So you learned to multiply and stuff 

like that when you got to Canada? 
Dorothy: Uh huh. It was so hard. But I managed it. 
Mark : So you had to learn the different numbers too? 
Dorothy: And alphaber ... alphabet. I didn't even know 

anything about alphabets. When she w a s  saying it 
I didn't even know what they were saying. 

Dorothy had to adjust her symbol definitions, or at ieast 

keep multiple definitions, in order to adapt. 

My exploration of the students' mathematics learning 

experiences implied that language does have an effect on 

the learning of mathematics. My discussions with the 

students gave support for a link existing between 

proficiency in the working language and mathematics 

achievement. Each student's ability to answer the Chelsea 

Test questions was limited by his or her knowledge of the 
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language, and perhaps by the size of his or her mathematics 

register. There also appeared to be an indirect link to 

culture or ethnic origin, as each student had received a 

different level of exposure to English before arriving in 

Canada, and thus had an advantage or disadvantage in terms 

of proficiency. 

Levels of exposure to mathematics could perhaps help 

explain why bilingualism did not appear to bs an important 

factor. Jane's mathematics learning experiences before 

coming to Canada seem to have been the most riqorous of the 

four students, giving her an advantage in experience and 

familiarity with the material which may have countered the 

fact that she seemed the least bilingual of the students. 

Other factors could also have affected the investigation of 

bilingualism. For example, Saxe (1988) did  say that a 

limitation of his study was the criteria used by 

researchers to define bilingualism. Thus it is possible 

the four students did not fit into the particular 

definition of bilingualism required for a particular 

theory. In addition, other factors may have had stronger 

effects than those of bilingualism. Perhaps the fact that 

three of the four students had used a common numerical 

system, despite their different languages, countered the 

literature's predicted effects about dealing with the 

arbitrariness of numerical conventions. Overall my 

research suggests t h a t  this theme needs to be studied 



further . 
Cultural or ethnic factors did seem to have a negative 

effect on Dorothy's mathematics learning experiences, w i t h  

respect to the language words or symbols theme. 

What I am most struck by as a result of this 

exploration into language are the little glimpses I got of 

the connections to cognition. For example. in Excerpt 1, 

Dorothy, somewhat similarly to Berry's (1985) Botswanan 

university student, is indicating something about her 

cognitive workings as she may actually think in t w o  

'languages' but restrict herself to thinking in English f o r  

school work. There is much more to this factor than merely 

speaking the words. 

Culture 

The four students participating in this study came 

from four different cultural groups. It was conceivable 

that growing up in North Africa (Libya), Southeast Asia 

(Vietnam / Cambodia / Thailand), Latin America (Guatemala) 

or the Middle East-Eastern Mediterranean region (Iraq / 

Turkey / Kurdistan) could have affected the way the 

students performed in a Canadian mathematics class. The 

reviewed literature suggested four themes with which to 

explore culture as it pertained to the learning of 

mathematics in an Ontario classroom: culturally different 

curriculum, multiple systems within a single cuiture, 

cultural inhibitors, and majority versus minority culture. 



The results of those explorations foliow. 

Culturally Different Curriculum 

For curriculum to be culturally different, it has to 

be implemented in a manner foreign t o  one's own cultural 

ways of expression. For example, Berry (1985) sugqasted 

that students f r o m  oral-based cultures would have 

difficulties with written materials because of the vastly 

di f ferent  ways each method of communicating would use to 

express ideas. In my research this theme was probed by 

asking the students to explain what they found different or 

strange about their Ontario classroom experiences compared 

to their earlier experiences in their 'home' country. 

Nothing resulted from that questioning that indicated 

the four students were affected by a culturally different 

curriculum. All of them were from cultures which incluaed 

the tradition of writing, which made it impossible to 

explore Berry's theory. Furthermore, three of the four 

students - K i m ,  Jane, and Jacob - reported that when they 
first entered a mathematics class in Canada, they had in 

fact already seen all or most of the material before. 

Consequently this present research can only suggest that 

the theme of a culturally different curriculum needs to be 

explored further. 

Multiple Systems Within a Sinule Culture 

The second theme dealinq with culture had to ~a w i t n  

multiple systems of mathematics within a single culture, 



and how they may have affected the students' mathematics 

learning experiences. For example, if one has learned to 

express distance in units of time when talking to people on 

the street - you are twenty minutes from the bus station - 
and then has to calculate distance in terms of metres and 

kilometres in school, there could be some effects on how 

one performs in mathematics class. 

In an attempt to uncover multiple views of 

mathematics, the students were asked t o  define what 

mathematics was and were also asked about  any practises 

they had seen in their own countries which could be called 

mathematical. Dorothy and Jane said that  mathematics was 

strictly a school activity, although Dorothy also 

acknowledged performing calculations elsewhere. 

Excerpt 4: 
Mark : Do you ever use ... stuff at home or when you're 

outside of school that you think is mathematics. 
or is mathematics just a school thing? 

Dorothy: No, I ... urn ... 1 don't know. 
Mark : Like, you say mathematics is numbers and adding 

and multiplying. Do you ever do that  kind of 
stuff at home? Or when you ate grocery shopping 
or looking for clothes? 

Dorothy: Oh, clothes, yeah. I don't ... I don't take that 
as mathematics that much. 

Mark : Oh okay, you just do it ... 
Dorothy: And when I'm in a class its ... that's what's 

left in the class. I don't take ... I don't 
carry with me. Not usually. 

Kim and Jacob could also identify some of their 'school' 

mathematics being used outside of school, without adding a 

disclaimer like Dorothy did in Excerpt 4 .  None of the 

students had an unusual definition of mathematics; each 
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defined it more or less in terms of the activities he or 

she performed i n  class, such as 'brain work,' 'big tests,' 

'numbers,' 'multiplying and subtracting.' 

Dorothy was the only student to report seeing what 

could be a cultural mathematical practise. This arose 

during the discussion on using mathematics outside of the 

classroom: 

Excerpt 5 : 
Mark : 

Dorothy : 
Mark : 

Dorothy : 
Mark : 
Dorothy : 

Mark : 

Dorothy : 

Well let's say you wanted to buy, I don't know, 
did you get f i s h  in the camp? 
Yeah. 
Let's say they said the fish, one fish is 25 
cents, And you say, well, 1 want seven fish. 50 
how did they calculate how much you should pay 
them so that they know you gave them the right 
money? 
Good question! 
Do you know that? 
I think ... Well, when I w a s  shopping with my Mum 
I never saw ... I didn't never saw any 
calculation or any thing like t h a t .  They did  
them out of their head. Or on a paper.  
Oh, they had paper? I was wondering if they had 
any tricks to do these kinds of things, but ... 
They would actually sit down and say ... 
There was a trick. They used their fingers, but ... My brother would try to teach me but I 
wouldn't know ... what he does. There are some 
things that they use, but I don't . . .  I wasn't 
that old to remember them. 

Because Dorothy did not remember the actual calculatinp 

act, I could not pursue this theme further. 

Instead of being exposed to a different mathematical 

system, Jane was taught incorrect or improper rules for the 

same system as it is used in Canada. This came to light 

when we were looking through her Libyan text books. I 

asked her to demonstrate how she calculated a square root, 



which ended up with us discussing h o w  to multiply two 

decimals together. 

Excerpt 
Mark : 

Jane : 
Mark : 

Jane : 
Mark : 

Jane : 
Mark : 

Jane : 
Mark : 

Jane : 

Mark : 

Jane : 

Mark : 
Jane : 

Mark : 

Jane : 
Mark : 

Jane : 

Mark : 

Jane : 
Mark : 

Jane : 
Mark : 

Jane : 

6 : 
And all this other stuff you've done ... You did 
square roots? Did you have to calculate these? 
Not the calculator, no. (unclear). 
So if  I ask you the square root of 2 ,  did you 
have to memorize this? 
No. 
So you couldn't j u s t  work it out with a pencil? 
You had to memorize? 
Yeah ... I don't understand. 
Okay ... Let's say I gave you this one [from 
Libyan t e x t ] .  Now do you ... what would you do 
to find that?  
[describes algorithm] 
Oh, so you just try to guess which one works. is 
that right? 
[keeps working on problem] ... It's not like 
this. 
Yeah, I understand what you're saying. Actually, 
how did t h e y  teach you ... so 2.5 times 2.5, now 
... how did they teach you to multiply that? 
[demonstrates aLgorithm, which puts the decimal 
in the wrong location] 
Now why d i d  you put it there? How ... 
Because when I was in grade 4, we had this book, 
we had (unclear), the teacher and when you get 
multiply (unclear) . 
Hmrn. That's interesting. So you had to memorize 
this rule? 
Uh huh. 
Did you ever see this rule? [demonstrates method 
that gives correct solution] ... So which is 
correct do you think? This one [hers]? O r  t h i s  
one [mine]? 
No. This one [points to mine] ... They teach us 
t h i s  one [points t o  hers] . 
I guess ... They teach you this one. But now you 
tell me this one is correct ... But this is the 
one they teach you ... So I don't understand. 
Why ... If you know that  this one is correct . . -  
Just this year. 
Oh, okay. SO ... you only learned t h a t  this 
year? 
Uh huh. 
So other times you would have written this one 
down? 
Yeah. (unclear) this one. My Dad said to my . . .  
said to Mrs. **** [the ESL teacher] the teacher 



in math not gooa. 

This incorrect method could be a consequence of rote 

learning, but regardless of the reason for beinu taught tnc 

wrong algorithm it is clear that it b r i e f l y  affected Jane's 

work in the Canadian mathematics classroom- It aiso raises 

the question of how many other algorithms she had learned 

incorrectly. 

Thus multiple systems of mathematics appear to have 

been experienced by some of the students. What is 

questionable is whether those experiences affected them in 

any significant way. 

Cultural Inhibitors 

Cultural inhibitors were considered as the third theme 

addressing culture. Inhibitors would include anything 

within a culture which makes it harder f o r  a student to get 

the full benefit of t h e  learning environment created in an 

Ontario classroom. This theme was explored both explicitly 

and implicitly. 

None of the students gave examples of things they felt 

inhibited their participation in mathematics class in 

Canada. However, by inference two of them implied that 

there were inhibitors. 

Jacob described what could be interpreted as a 

cultural inhibitor when he was telling me what would strike 

a Canadian v i s i t o r  to Guatemala C i t y  as different. 

Excerpt 7 : 
Mark : Do you know what I mean by culture? 



Jacob : 
Mark : 

Jacob : 
Mark : 
Jacob : 

Mark : 

Jacob : 
Mark : 

Jacob : 

Mark : 
Jacob : 
Mark : 

Jacob : 
Mark : 

Jacob : 
Mark : 

Jacob : 

Culture , yeah. 
Are the cultures the same, or are they different? ... Like, if I was to go to Guatemala City, where 
you used to live, would things work the same way 
they work here in London? You know, could I go 
talking to people, if I could speak Spanish ... 
No. 
No? What's different? 
Like, here you find somebody who's walking, you 
say, "Hi, hello." Over there, they don't talk. 
They don't talk? You mean they just pass each 
other in the streets? 
Yeah, their friends, yeah. 
Okay. But they don't talk in the streets, you 
mean? 
Yeah, that's right. Only if they are working on 
the streets. Like they sell something, they put ... prices on the streets. 
Why don't they talk? Do you know? No idea? 
No idea. 
So is there anything else you think I'd find 
different if I went to Guatemala City? ... Let's see ... 
Like, in some places, if you were to go to 
Arabia, you know, the Middle East ... the women 
always have to be covered up. Are there any 
clothes that people don't allow ... 
No. The same, the same. 
The same? And the buildings look the same? The 
cars look the same? 
No, the cars look a bit more ... some of the  rich 
people, yeah, got better cars. 

The only thing Jacob noted as being different was the way 

people spoke to each other. This suggests Jacob's culture 

could have constraints on when you speak and to whom you 

speak. As noted in Chapter Three, 1 had a sense of this 

from his way of answering my questions. It is possible a 

constraint such as this could have affected Jacob's 

participation in a classroom setting where he was expected 

to ask questions of the teacher and respond to the 

teacher's questions. Jacob did not comment on that as an 

effect. 
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Dorothy found both the manner of dress and behaviour 

of students very different when she arrived in  Canada. Her 

feeling about these points may have initially served to 

inhibit her interactions with her Canadian peers, as can b e  

inferred from the following two excerpts. 

Excerpt 8 : 
Mark : 
Dorothy : 
Mask : 

Dorothy : 

Mark : 

Dorothy: 

Excerpt 9 : 
Dorothy : 

Mark : 

Dorothy : 

Do you know what the word culture means? 
Yeah. 
Like you said when you came to Canada the people 
were different. How do you see the people wzrc 
different when you came to Canada? 
In my culture, they wear ... You know they seen 
they wear turbans on their head? But I: never 
wore them, so 1 wouldn't know what it felt like 
under it- Some people they wear that. And then 
I come here, like, most people are almost naked! 
And f didn't know ... 1 felt embarrassed when I 
s a w  that. I go,  how could they stand wearing 
those clothes? 
So you are used to wearing clothes that  cover all 
o f  your body, right? You didn't wear shorts, or 
short skirts, or go around with bare arms? 
We go around with bare arms. Well, our family 
did. I don't know others .  We wear shorts, but  
not really short stuff l i k e  t h i s -  And w e  have 
nothing on our heads. And one things I didn't 
get used to, wearing makeup. Cause in our 
country we wear i t  only for celebrations. And I 
came here, like, people wear it even when they go 
to sleep sometimes. And I found t h a t  very 
strange . 

[ I ] n  Turkey I d idn' t  care  about what they did, 
because t h e y  were, they speaking my Languaqe and 
all  t h a t .  And people here ... people there they 
didn't stare at me if the teacher yelied. They 
kept doing their work. Cause the teacher said, 
"If I yell at someone I want you n o t  to pick up 
your head. Just do what you're doing." But here 
everybody stares at you and laughs at you. 
Now, do you think that's the students' problem? 
Do you think the students are ruder than they 
were when you were with your own people i n  

- 

Turkey? 
Students here are rude ... I think it depends on 
what they see around them. The society. They 



probably act weird so they think its nice and 
good and its cool, so they do it. Same. 

It is clear from Excerpt 9 that Dorothy did n o t  agree with 

her peers' behaviour. Thus Dorothy's reactions to Canadian 

culture possibly inhibited her initial interactions with 

her peers at a social level. This inhibition could also 

have affected her mathematics learning experiences, as she 

would have been required t o  interact with her peers in 

class too. However, evidence of this happening did not 

come out of our conversation;  she was more interested in 

telling me what was wrong with h e r  mathematics teachers - 
which had nothing to do with dress or manners. 

Hence both Jacob and Dorothy indicated their cuiturrs 

contain factors which had at least the potential to inhibit 

their mathematics learning experiences. 

Maioritv versus Minority Culture 

The final theme dealing with culture has to do with 

the  student being a member of a majority or a minority 

culture. Ogbu (1992) wrote of voluntary and involuntary 

minorities, and said that one's motivation and attitude 

towards learning depended upon which of those t w o  minority 

types one was a member of. Thus the present research 

included a consideration of whether any of the students haa 

belonged to what could be classified as a minority group, 

and how that group membership had affected  t h e i r  learninq 

experiences. 

All of the students were voluntary immigrants to 



Canada. H o w e v e r ,  Dorothy was i n  a position to provide 

insight into the question of the effects of membership in 

an involuntary minority because of h e r  refugee experiences. 

This became apparent during her recounting of events at the 

refugee camp in Turkey : 

Excerpt 10 : 
Dorothy: I stayed there  ... Fir s t  the conditions were good 

there. But then after i t  kinda got bad. And 
they poisoned us with bread once. Some people 
died. (unclear) . And then we would get food 
every month. And f r u i t s  and a l l  that w e  would 
get every month in the summers, but otherwise we 
didn't have them. 

Excerpt 11: 
Mark : And did  you have it (mathematics classes) for all 

four years, did you go t o  school or just f o r  some 
of then? Because you said that things got bad. 
When things got bad, did classes stop? 

Dorothy: They stopped them for a bit. And then we started 
them again. But ... I don't know ... there w a s  
once w e  didn't have schools for t w o  months. Or 
so. I don't know. We didn't have them. B u t  
then, when we went back there w e r e  a lot of other 
work. And I think w e  caught back a subject, but 
I can't remember. What was it? 

Dorothy did not say who "they" were, but it became clear 

through the two interviews that the Kurdish people 

experienced friction with both the Iraqis and the Turks. 

Also, w i t h  reference to Excerpt 11, it should be noted that  

in the refugee camp school normally ran all year, so the 

t w o  month break was unusual. 

The refugee camp experience may have helped Dorothy 

strengthen her national identity, but other than missing 

two months of classes there is no indication t h a t  her 

minority status there affected her learning of mathematics. 
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Thus my research did not find any support for Oghuts theory 

of the difficulties associated with being a member of an 

involuntary minority. The students and I did not explore 

the benefits of their being in a voluntary minority in 

Canada. 

Summary 

My explorations with the students of the culture 

themes did not indicate they had experienced any culturally 

specific positive effects on their learning of mathematics. 

One theme, culturally different curriculum, could not be 

explored with the four students. It remains in need of 

further study, as does the theme of minority group 

membership. In Jacob and Dorothy's cases, their cultures 

might have imposed some difficulties on their mathematics 

learning experiences, specifically in terms of inhibiting 

their participation in class. However, similar or 

identical inhibitions might be experienced by students born 

and raised in Ontario. 

The exploration relating to multiple systems suggested 

that, based on Dorothy's shopping with her mother, people 

do practise what D'Ambrosio might call ethnomathematics. 

There was also the issue of rote learning as another system 

of mathematics, but this cannot be considered a cultural or 

ethnic factor as it too is 'practised' here in Ontario. 

The four students did not appear to be affected by any 

culturally or ethnically based systems of mathematics. Ln 
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fact, they seemed no m o r e  affected by m u l t i p l e  systems of 

mathematics than an Ontario-born student would be. 

In addition to analyzing the constructs from the 

literature, my reflecting on the studentsr behaviours 

during the interviews has made me wonder if Dorothy, Jacob 

and Jane's cultures influenced the way they interacted with 

their Canadian mathematics teachers, and consequently 

affected their mathematics learning experiences. Dorothy 

might appear to some p e o p l e  as somewhat forceful or pernaps 

slightly aggressive; certainly during our two interviews 

she was very candid and expressed strong opinions. A sense 

of her manner of communicating comes from her response to 

my asking her if teachers seemed different in Canada. 

Excerpt 12: 

Mark: 

Dorothy: 

Mark : 
Dorothy : 

I get nervous more when 1 do my tests here. 
Because most t e a c h e r  here, they ... I got my 
[subject x]  teacher. I'm not gonna say the name, 
SO * . .  

It doesn't matter. No one's going to ... Your 
[subject x]  teacher won't hear t h i s ,  s o  i t  
doesn't matter. 
He . . I'm an ESL student, and I have another 
friend. She's ESL too. And we're with the 
regular people are learning about [subject x ) .  
And he doesn't write it on the board, and he's 
gonna ask us questions. And he's gonna say it 
out of his head, and we have to write it down. I 
t e l l  him to go s l o w  but he doesn't go slow. So 
that makes me very  mad. I swear to God! If I 
had his permission I would kill him. 
Yeah, well ... 
He doesn't go slow on you. And he goes, "Okay, 
tomorrow's the test." "Like, what's it on?" 
"Tomorrow's the test on the section that we 
studied." And then we have to go through all the 
section to just t ry  t o  memorize it. And then 
sometimes we have homeworks from other c l a s s e s  
too. And w e  have to try and r e m e m b e r .  



It seems probable that some teachers would find this manner 

of expression inappropriate or unacceptable. 

Jane on the other hand would probably be a mathematics 

teacher's ideal student. Her enthusiasm and willingness to 

please during the interviews has already been described in 

Chapter Three. Jane also seemed to have very clear ideas 

of how teaching should properly be practised, as is 

illustrated when I asked her about teachers she had liked: 

Excerpt 13: 
Mark : Um ... Were there any teachers you had in Libya 

that you thought were very good teachers? That 
you liked? That you thought were good teachers? 

Jane : Just one teacher. 
Mark : What made that teacher a good teacher. 
Jane : (3 
Mark : Urn . . . You had one teacher from Libya that you 

thought was a good teacher. So there must have 
been something about that teacher t h a t  made you 
think this one is a good one. 
Yeah, because my teacher in Libya, she was like 
my teacher here. They write on the blackboard, 
they (?) how you can write, they give you class 
work, homework, homework, and on the blackboard 
how you can check it. (?)  . 

Mark : I see. So you think she was good because she did 
all these things to make sure you knew ... 

Jane : Yeah. 

Jane : 

Jane seemed to be affirming a certain teaching style, which 

she had experienced in Ontario. 

Jacob would appear to fall somewhere between the 

interacting styles of Dorothy and Jane. As I have 

discussed earlier, Jacob seemed to have constraints on when 

and to whom to speak. These constraints would not likely 

antagonize his mathematics teachers, but they might prevent 

him from fully interacting with them - to the detriment of 
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his mathematics learning. However, further exploration is 

needed in order to investigate whether these mannerisms of 

Jacob's, as well as those of Dorothy and Jane, are in fact 

cultural or unique to the individual. 

Coqni t ion 

Vygotsky (1934/1986) recognized that our thoughts and 

the ways w e  know and express or vocalize those thoughts are 

tied together in a complex way. The review of the 

literature suggested exploring four themes to study the 

connection between thought and language: word meaninq, 

level of understanding,- motivation and attitude, and 

concepts. The interviews with the four students allowed 

each of these themes to be probed to some degree, although 

without the anticipated links to culture and language. 

Word meaninq 

The theme of w o r d  meaning was meant to allow an 

exploration of how word meaning mediated thought and 

language, and search for any cultural or ethnic e f f e c t s  on 

this mediation. Suggestions of this mediation were sought 

both explicitly with specific interview questions and 

implicitly with the analysis of the responses to a11 the 

questions. 

I could not link word meaning explicitly to any of the 

students' cognitive processes, despite the fact that ali OF 

the students were non-native speakers of English and had 

received formal schooling in another language. Alr of tne 
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students reported that they thought in English when doing 

mathematics problems, with the exception of Jacob. Jacob 

said he thought in both Spanish and English, and did not 

express a preference for either language. No explicit 

opportunity arose to pursue with a student the effect of 

different word meanings. D o r o t h y  d id  speak of the  Kurdish 

numerals, and her confusion when she first encountered 

Hindu-Arabic numerals in Canada. However, despite the fact 

that identical symbols were used in each numeral system but 

to represent different numerical values, Dorothy did not  

indicate this fact was a serious impediment to her 

mathematics learning experiences. 

When the issue of word meaning did arise during our 

conversations, it was with respect to the meanings or 

particular understandings of English words such as 

'subtraction' or 'sometimes.' These occurrences appeared 

to me to be nothing more significant than a student 

expanding his or her grasp of the English language; none of 

the occurrences seemed to have anything to do with any sort 

of conflict with a pre-existing cognitive structure. 

With respect to word meaning in terms of relational 

versus instrumental understanding, there was a suggestion 

of the latter from both Kim and Jane. Both had experienced 

being physically punished for giving incorrect answers 

while in elementary school in other countries. Jane also 

told about how teachers bad simply w r i t t e n  out  correct 
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answers for the students, as opposed to explaining them. 

In both cases these facts suggest rote learning and 

instrumental understanding. However, it should be notad 

here that, with the exception of the 'corrective' measures 

used, the experiences of Kim and Jane would probably sound. 

familiar to same students born and educated in Ontario. 

Thus there is little in the interview data to support 

a direct link between word meaning as a mediator of thought 

and language on the one hand, and culture and ethnic origin 

on the other hand. This theme requires much further 

investigation. 

Level of Understandinq 

The second theme to pursue with respect to cognition 

was level of understanding. This theme was informed by the 

suggestion that one's word meanings go through stages or 

evolve, and that mathematical understanding also evolves or 

progresses through levels. 

There was some indication that the meanings the 

students were associating with words or symbols used in 

mathematics were going though levels or evolving. F o r  

example, Dorothy thought that 'subtraction' meant that you 

always got a smaller result. This is shown in her answer 

to Test Question S (ii). The question was if n-246=762, 

then n-247=...: 

Excerpt 14: 
Dorothy: You're subtracting this, but it went up! 

Unfortunately for Dorothy, she was confusing 247 with the 



result of the operation; her comment referred to 246 bein? 

replaced by 247, a larger number. The result was in fact a 

smaller number, 761. As well, it is worth noting that 

Dorothy's understanding of subtraction may not have 

included the fact that the result of a subtraction can be a 

larger number than what you started with (for example, 9 - 
-2  = 11). 

Jacob's understandings of some concepts also appeared 

to be incomplete. At one point Jacob w a s  associating 

brackets with multiplication only, and not with other 

concepts such as order of operations. This is illustrated 

in his responses to Test Question 13, which involved 

simplifying algebraic expressions. 

Excerpt 15: (Simplify (a+b)+a) 
Mark : How about this one, when there's brackets? 
Jacob : Oh, that's multiply. 

Excerpt 16: (Simplify (a-b) +b) 
Mark : What does -b+b give you? 
Jacob : Negative and positive equals minus. 

Jacob's response in Excerpt 16 suggests he is applying the 

multiplication rule of a positive number multiplied with a 

negative number, instead of realizing he actually w a s  

dealing with an addition problem. Also his understanding 

of the use of a letter as a specific unknown was unclear, 

as is seen in his responses to Test Questions 5 [ i i i  I ana 6 

(i). Jacob correctly answered 5 ( i i i ) ,  that i s ,  i f  e + f = 8 ,  

then  e+f+g=8+g. His reason is given in the following 

excerpt : 



Excerpt 17 : 
Mark : Why 8+g? 
Jacob : Because g doesn't have any value. 

Then f o r  the very next question, 6 (i) . what can you say 
about a if a+5=8, Jacob replied with the same response. o u t  

this time incorrectly: 

Excerpt 18 : 
Jacob : 'a' doesn't have any value. 

It took a little prompting to get him to realize that 'a' 

was in fact equal to 3, suggesting that he had attained 

only a partial understanding of the various uses of 

letters. 

Jane's understanding of multiplication seemed weak 

when it came to multiplying an expression by a number. 

This came to light in h e r  response to Test Question 4 ( v ) ,  

which asked her to multiply n+S by 4. Her i n i t i a l  answer 

was 4n+5, which was incorrect as she had only considered 

the first term 'n' in n+5.  It took some prompting for her 

to realize that the entire expression n+5 was being 

multiplied by 4, and hence the answer should have been 

4n+20. 

With respect to the students' answers to the Chelsea 

Test questions, each demonstrated a different level of 

understanding - or degree of mastery - of algebra as 
generalised arithmetic. Also, due to the positive results 

produced by the students when I provided assistance, the 

second interviews suggest that the students were 

appropriately within their zone of proximal development 
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(Vygotsky, 1934/1986). In other words, grade 9 alqebra was 

within the limits of their abilities. As noted in Chapter 

Two, only Level 3 and 4 questions were seen to truly deal 

with algebra. In addition, as noted in Chapter Three, of 

the ten codes developed to score the students' results, 

seven (Codes 3 to 9) refer to the process of attaining an 

incorrect answer. The discussion of each student's resuits 

begins with Jacob. 

Jacob needed a fair amount of assistance with 

interpreting the test questions. Several of his initial 

attempts at answering them resulted in incorrect answers 

that were rated as premature closure (Code 8), letter not 

used (Code 7) , or none of the above (Code 9) . After 

prompting he was able to answer more questions, and he 

ended up correctly answering all Level One and Two 

questions, four of five Level Three questions, but only one 

of five Level Four questions. These results gave an 

overall impression of Jacob as having begun to understand 

the use of letters as specific unknowns but having not yet 

attained a level of understanding where he could treat 

letters as generalised numbers or as variables. 

Dorothy had several incorrect answers before being 

assisted by me, indicating something was amiss with her 

understanding of algebra as generalised arithmetic. She 

too responded positively to prompting, resulting in an 

improvement in her test score. Dorothy completed the 



second interview with all Level One and Two questions 

correctly answered, but only t w o  of five Level Three and 

none of four Level Four questions answered correctly. The 

codes assigned to her incorrect answers were for letter not 

used (Code 7), premature closure (Code 8), and none of the 

above (Code 9). Because of these process problems and only 

t w o  correct Level Three or Four answers, I believe D ~ s o t h y  

was only just beginning to truly understand algebra as 

generalised arithmetic. 

Jane had the best results, even without prompting. It 

should be noted that she was also the only one of the four 

students enrolled in a mathematics course at  the time of 

the interviews; the other three students had probably not 

done any formal mathematics for four months. Working alone 

she correctly answered all of the Level One and Two 

questions, and four of five Level Three questions. Her 

errors were confined to premature closure (Code 8) and two 

ambiguous answers (Code 2). After prompting, she answered 

all Level Three questions and t w o  of five Level Four 

questions correctly. Based on these results Jane had 

reached a high level of understanding of algebra as 

generalised arithmetic. 

Kim had the most difficulty with the test. In fact, 

with several questions I stopped prompting her as it became 

clear she had no notion of how to solve them. She ended up 

correctly answering all Level One questions, two of three 
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Level Two questions, and no Level Three or Four questions. 

Her errors were coded as letter not used (Code 7 ) ,  

premature closure (Code 8), and none of the above (Code 9). 

In fact, nine of her answers were coded as none of the 

above; she did not demonstrate a strong grasp of most of 

the material. This result was despite the fact that Kim 

had completed the grade 9 mathematics course, and most of 

the questions easily fell within the Ministry of Education 

and Training's (1995) algebra and patterning outcomes as 

stated in The common curriculum: Provincial standards, 

Mathematics, Grades 1-9. Thus it appears that Kim's 

understanding of algebra as generalised arithmetic was non- 

existent, and that her level of understanding of the 

mathematics on which generalised arithmetic is built - such 

as dealing with some ambiguity within a problem - was not 
fully developed. 

Consequently there was enough data from the 

transcripts t o  suggest that word meaning and mathematical 

understanding do move through levels. Whether or not those 

levels experienced particular cultural or ethnic effects 

requires more investigation, as the present research did 

not note  any. 

Motivation and Attitude 

The third theme explored dealing with cognition, 

motivation and attitude, was particularly rewardinq to 

explore. This was the one theme about which all the 



students had plenty to say. Because motivation and 

attitude are linked - the former being the reason or root 
of t h e  latter - and also very individual or personai, tne 
data are presented organized by student, firstly describing 

his or her attitudes towards mathematics.. which w e r e  easier 

to determine than the motivators, then suggesting what 

could have motivated each student's attitudes. 

Two of the students expressed a dislike for 

mathematics. Dorothy said it was easier when she studied 

mathematics in the refugee camp in Turkey because it was in 

her own language, but even then she did not like it. From 

our conversations the main motive for this attitude 

appeared to be her stated aversion to too much work- 

Also, Dorothy identified strongly with the Kurdish 

people. This gave me the impression that nationai identity 

was a motivator. A sense of this comes from the followinq 

excerpt: 

Excerpt 19: 
Mark : When you were back i n  Kurdistan ... or in Turkey, 

and you were using these different numbers like 
you showed m e ,  like when people went to market 
and so on, how did they pay for stuff? ... When 
you went shopping how did people calculate the 
money and s t u f f ?  Like ,  let's say, you know, here 
you go to a Loblaws and you buy bread. And you 
g i v e  them a $5 bill and they punch it into a 
machine and it tells you how much change to give 
you. How did they calculate things like that? 
Do you know? 

Dorothy: They're pretty smart. I'm not saying you guys 
are stupid or anything. I'm just saying ... 

My sense at the time she gave that response was that sne 

was inferring that ' w e  didn't need all those machines to 50 



the work for us.' She seemed to be very proud of her 

'Kurdishness.' 

With respect to family as a motivator, Dorothy's 

father was a soldier who reportedly went to school for 

forty days to learn to read and write, and her mother never 

attended school. Dorothy did get help at home w i t h  her 

homework, both from her parents and from family friends who 

were working as teachers at the refugee camp. So perhaps 

there  was a sense of the value of an education within the 

family, despite the parents' lack of an education. 

Kim was the other student who disliked mathematics. 

This miqht be in part due to having moved frequently while 

she was in Asia, and consequently did not attend classes 

and f e l l  behind. K i m  frequently described herself as 

'stupid.' Being hit for not  being able  to answer 

mathematics questions would also have helped build a 

negative attitude. Perhaps, too, the rebelliousness she 

expressed combined with her father's emphasis on t h e  

importance of mathematics was a factor. An indication of 

her attitude is seen in Excerpt 20. 

Excerpt 20: 
Mark : Is there anything you like about mathematics? 
Kim: I don't like math at all, you know. My Dad tried 

to make me like it, but I said, "It's too hard." 
If it was easy I would love it, but there's a lot 
of people who like it because they're so 
(unclear) and they're so genius. Oh, one thing I 
like about it is plus. That's, like, the only 
easy one! And take away, w e l l ,  not t h a t  much. 
And I hate dividing, it's so hard. Because you 
know you have a lot, like, 52 and there's tons of 
number at the back and you have to use these 



(unclear), I'm like ... I have no clue! I'm not 
even there yet. Some teacher just teach me those 
and I have no clue what to use with it. And, 
like, I get also confused and my head doesn't 
work and I'm thinking, "I can't do this, I can't 
do this," and afterwards I can't do it. And I 
can (unclear) do it! 

That being said, during our discussions Kim did not strike 

m e  as 'stupid,' She came across as having a non-serious, 

playful personality, something she affirmed by saying that 

when she was a student in Asia all she was interested in 

was playing. 

If fear of punishment serves as a motivator, then Kim 

should have been highly motivated. She reported being 

physically punished for making mistakes, both by her 

parents when helping her with homework and by her teachers. 

She spoke of helpful and unhelpful teachers, and described 

her favourite teacher in A s i a  as one who knew of her 

troubled background and did not h i t  her  too much. Kim also 

indicated that impressing a teacher was a motivator for 

her : 

Excerpt 21: 
Kim: I had ESL English and the teacher, like, I don't get 

that much English. Anti then she gave me homework 
every night. And all the homework I always did it. 
And every day she was always see me doing homework. 
Soon I get more good and gooder at this. Cause I do 
homework every day. And then she  gave me a math, 
like, grade 4 math. Grade 4,  5 ,  6. For three month 
I ' d  be finished the whole page cause 1 did every night 
at home and I d id  more other done and more. So she 
would be proud of me. That's what I always  do. 1 
just  want the teacher to be proud. I did, l i k e ,  for 
three month I finish one whole book and she was so 
proud m e  because I finish i t  and everybody hadn't 
catch up. And they usually, like, a year  and they'd 
be done. So that  kinda helped me, though, because 1 



saw every number of math and a little bit, that time 1 
did math. 

Thus, for a while at least, Kim had a positive attitude 

towards doing school work as she was motivated by her 

teacher. With respect to Vypotsky's theories, this could 

have been a time when her cognitive structures underwent 

significant development. 

But it was Kim's relationships with her parents that I 

felt acted as her key motivator. Kim described herself as 

being switched as a child, and did not know much about her 

mother. She seemed to be rebelling against the woman s n e  

was calling her mother, which could be a significant but 

not necessarily positive motivator. Her father was a boxer 

who later became a teacher. Kim spoke more kindly of him 

than of her mother, but there was still a sense of 

rebelliousness. She described her parents as being too 

protective, and compared herself unfavourably to her elder 

brother. She also did not appear to like her parents 

expectations for her, which included a cultural link as 

they wanted her to return to Vietnam to choose a husband. 

There was very little to suggest Kim's home environment 

motivated her in a positive way. 

Jacob did  not express an overall negative attituae 

towards mathematics, although he did express a dislike for 

fractions. 

Excerpt 22: 
Mark : Is there anything you don't like ... in 

mathematics classes? 



Jacob : Fractions. 
Mark : You don't like fractions? Why don't you like 

f tact ions? 
Jacob : You gotta do many t h i n g s .  You multiply, you 

(unclear). 

His comment could simply indicate an unwillingness to work, 

or perhaps something deeper - such as having difficulty 
dealing with tasks that require many operations or steps. 

In general, however, Jacob found the move to mathematics 

classes in Canada easy as he had seen  most of the material 

before while attending school in Guatemala City. The o n l y  

topic be said was new was algebra. 

I sensed from our discussions that Jacob's motivation 

to learn may have come in part from pride in his school in 

Guatemala. There were t w o  kinds of schools in Guatemala 

City, public schools and colleges. Jacob attended both, 

initially the more expensive college and then public 

school. His comments about them led to the point about 

pride, as is illustrated in Excerpts 23 and 24. In the 

first excerpt we are discussing w h a t  he found different 

about Canadian schools. 

Excerpt 23: 
Mark : Oh, you had to wear uniforms? 
Jacob : Yeah, we had to buy uniforms. 
Mark : In the  college and the public school, or both? 
Jacob : Yeah, the two of them. 
Mark : And do you think that's good to wear a uniform? 

Or do like dressing in your ... 
Jacob : Well, sometimes I like to use uniform. 
Mark : Why is that? 
Jacob : Cause you show your clothes. You don't have 

nothing to wear when (unclear) ... Or, when 
somebody sees you, they see that you are from 
that school. Cause you w e a r  uniform. 



In the second excerpt w e  are discussing whether there was 

an advantage to attending a particular type of school in 

Guatemala City- 

Excerpt 24: 
Mark : If you go to the college, does it give you more 

... I don't know ..- chances to get j o ~ s  or 
things than public school? Do you know what I 
mean? 

Jacob : (unclear) . 
Mark : Urn ... The students who went all the w a y  through 

in the college, when they finished did they go to 
university, did they get government j o b s ,  d id  
they have any -.. was it better for them than the 
students in the public school? 

Jacob : Hmm. Sometimes it was because the teachers were 
more responsible. 

Mark : Oh. I see. 
Jacob : Yeah, cause in the schools we had ... they had a 

strike, sometimes we don't go. 

My sense from these and similar comments was that he would 

have worked at his studies in order not to let  the schooi 

down. 

With respect to parents or teachers being motivators, 

Jacob had a favourite teacher in Guatemala whom he 

described as "so nice." He disliked teachers who had too 

much "self esteem." As for his parents, his father 

attended university to study law, h i s  mother had a grade 6 

education, and they would help him with his homework. 

Hence he had a teacher he may have wanted to please, other 

teachers he may have been less inclined to impress, parents 

who seemed to acknowledge the benefits of an education, and 

at least one parent who could model the benefits of 

schooling to him. All of these seemed to be positive 

motivators. 



Jane's previous experiences of mathematics classes mag 

have contributed to her attitude. She said that her 

favourite part of mathematics was algebra. Jane brought 

some of her Libyan text books to the first interview, and 

her grade 10 text contained material that is tauqht in 

Ontario's grade 12 advanced mathematics course. Some of 

t h e  material introduced or expanded upon i n  Ontario's grsec 

9 I found in her grade 5 text. A s  is demonstrated in the 

following excerpt, Jane found the content of her 

mathematics class very familiar. 

Excerpt 
Mark : 

Jane : 
Mark : 

Jane : 
Mark : 
Jane : 
Mark : 

25 : 
So this stuff, this ... You're saying, this grade 
5. You did this in grade 5. So that would be 
five years' ago, you did that? 
Yeah. 
So, is there anything in grade 9 you're doing now 
that's new? 
No. 
You've seen it all b e f o r e ?  
The same. Everything. 
Wow. That's incredible ... 

Hence it is possible that Jane's positive attitude may have 

stemmed from her previous exposure t o  - and depth of 

experience with - the material. 

Jane reported that in Libya all girls went to school, 

and that she had female teachers at school. She did n o t  

understand the question when I asked about equal or similar 

opportunities for both boys and girls ,  but also never 

indicated that she thought girls were not treated equally. 

One could speculate that this meant she could have been 

motivated by a variety of role models. Jane had one 



teacher, a woman, whom she particularly liked. She also 

had teachers whom she thought were not very good, and was 

sometimes physically punished for making mistakes. The 

following excerpt illustrates these two last points. 

Jane : 

Mark : 

Jane : 

Mark : 

Excerpt 26 : 
Jane : My Dad said to my ... said to Mrs. **** [the ESL 

teacher] the teacher i n  math not good. T h e  
teacher (unclear) science and just work work work 
you . . . 

Mark : These are the teachers in Libya? 
Jane : Yeah. 
Mark : So ... when you used this book, for example this 

book in grade ... this is interesting, I f i n d  
t h i s  very interesting. When you used this book 
in grade 5 ,  so let's say [points to an exercise 
in the Libyan text] ... okay ... When your 
teacher gave you t h i s  problem to do, how d i d  your 
teacher know if your answer was correct or not? 
Like, when you do the answer, you say your f a t h e r  
sa id  it was very quick, how did your teacher 
check to see that you were doing the right thing? 
We don't have that  book. To check it, yeah. 
Sometimes they show you work, and they correct. 
Just the homework, homework they (unclear) l i k e  
this when you g e t  ... When your answer is wrong 
they get you a mark. [This may mean the student 
had a mark deducted.] 
They hit you with a stick? [I have clearly 
misunderstood her answer.] 
Sometimes, yeah. You don't understand, you have 
to ask. You have (unclear) . I don' t know. 
But when you got it wrong, how did you learn to 
make it right? Like, if you know you are making 
a mistake, or if the teacher sees you are doing 
this wrong, how did the teacher correct? L i k e ,  
how did you learn to do it right? 

Jane : The teacher write it ... under your answer. 
Mark : And you just sort of see what the teacher did . . .  
Jane : Just write it, don't (unclear). 

This suggests that, as with Kim, fear of punishment could 

have been a motivator. 

With respect to Jane's hone environment, she reported 

that her parents began teaching her the English alphabet 
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when she was s i x  years' old .  She also said that nobody at 

home helped her with homework, commenting that she was the 

eldest child. It was not clear what birth order had to dc 

with it, but perhaps her culture valued individual 

achievement, or perhaps she was indicating that no one nad 

been around when she needed help but that she would be able 

to help her younger siblings. Or perhaps in h e r  culture 

only siblings helped each other; it may not have been a 

parental responsibility. In sum, with the exception of the 

emphasis to learn English, Jane did not indicate her home 

environment was a particularly strong motivator. 

Overall, the interviews with the four students did 

reveal a variety of factors affecting each student's 

motivation and attitude. What did not appear in most cases 

w a s  an identifiable cultural or ethnic root for the 

factors. 

Concepts 

The f ina l  theme explored regarding cognition was the 

development of concepts. Investigating t h i s  particular 

aspect of cognition theoretically required the  students to 

have an awareness of their learning processes. These 

processes included generalization, identification of 

features of objects, comparison and differentiation, and 

synthesis. The results of probing the four students f o r  

indications of these processes occurring are now prcsenreb. 

Three of the four students indicated how their 



concepts were, or were n o t ,  developing. As has been 

demonstrated with the  analysis of the Chelsea Test results, 

Kim had the weakest conceptual understanding of algebra as 

generalised arithmetic. She attempted t o  describe why her 

understanding was s o  weak during the course of our 

discussions: 

Excerpt 27 : 
Mark : What don't you like about  algebra? 
Kim: I t  confuse me. The letter ... alphabet, and the 

number, and t h i s  little x sign, and, like, I had 
no clue what to do. Once you get what you're 
doing, like, I get t h e r e ,  but if you go to the 
new one, like, the next assignment, but almost 
the same but you have t o  do something d i f f e r e n t ,  
1 get al l  confused. I had no clue w h a t  the 
teacher trying to tell me, so I'm like, "I don't 
know what (unclear) you're talking about!" So i 
that one is like the hardest one for m e .  I never 
get tha t  one right. 
Is it hard because the teacher's using words you 
don't understand? 
To me, i t ' s  just the way the math is ... it's 
just  this ... the number and the letter ... I: 
just don't get it. It's just weird. I don't 
understand them. It's just so hard. I fa i led  
that one, you know, I fai led those math. J just 
don't  get them. I t  just makes me feei  so hard. 
I just can't do it! 

Mark : 

Kim: 

Part of what Kim said i n  Excerpt 27 indicates she had 

difficulty with the  process of  comparison and 

differentiation, when she spoke o f  understanding one 

problem and then getting confused by a similar problem. 

More specific indications of what was causing her confusion 

c a m e  from the second interview as she tried the problems 

from the  Chelsea Test. Kim had not grasped the concept of 

a letter being used as an unknown or a variable. For 

example, with Test Question 3 ,  which is iarger, 2x1 or n+2,  



she responded: 

Excerpt 28 : 
Kim: Same thing.  'n' has to be some number. If In' 

has no number, then n+2 is 2 .  

With Test Question 5 ( i ) ,  if  a+b=43 then a+b+2= ..., she 
said: 

Excerpt 29 : 
Kim: You have to give some number to get the right 

answer. 

This response indicates  that she  f e l t  both 'a' and 'br had 

to have specific values, so she was n o t  generalizing. Even 

with prompting she had problems, as is seen with Test 

Question 13 (iii), simplify (a+b)+a, where she appears to 

have difficulty synthesizing or putting together a l l  the 

parts of the problem: 

Excerpt 30 : 
Kim: a+b=b, plus 'a' is . . .  I ' m  stuck. 
Mark: HOW many 'a's? 
Kim: Two 'a's, and 'b', they're plussed, ab. 
Mark : Can you add 'a's and ' b ' s  together? 
Kim: Yeah, you could. The second 'a' is like t h e  

first number and 'b' is the second number, and if 
a+b, so 4 plus one more, 5. 

Mark : ... adding apples and oranges ... 
Kim: Can't add different things. Oh 1 know, a+a=a. 

Kim's last remark in Excerpt 30 does suggest she haci same 

awareness of the process of generalization. However, after 

several responses like this one I cut her second interview 

short, as she was not having much success. I decided t h a t ,  

i n  terms of exploring K i m ' s  mathematics learning 

experiences, there was nothing to gain from continuing. 

Dorothy had difficulty adapting her understanding of a 

mathematical operation when both numbers and unknowns were 



involved. In particular, she w a s  not acknowledqinu the 

operation signs included within the questions. For 

instance, w i t h  Test Question 4 (ii), 4 added onto n+5: 

Excerpt 31 : 
Mark : What's n+5+4? 
Dorothy: n5. Oh, 9n ... 
Mark : So what happened to the plus sign? 
Dorothy: What do you mean? 
Mark : You said this ... You're telling me that 4+5+n, 

you're saying that's the same as 9+n, this is 9, 
and you got 9n. So I'm asking what happened to 
the plus  sign? 

Dorothy: You take that  out .  

Similarly, with T e s t  Question 13 ( v ) ,  simplify (a-bj+b: 

Excerpt 32 : 
Dorothy: It would be a-2b. 
Mark : Where's the 2b coming from? 
Dorothy: Because there's one (pointing to the first 'b'j 

and t w o  (pointing to the second 'b'). 

Excerpt 31 indicates that Dorothy was generalizing the 

rules of addition incorrectly. Excerpt 32 suggests t h a t  

she had not identified a feature o f  the  question, which was 

that one b was being subtracted but the other b w a s  being 

added. Dorothy's concept of simplifying expressions seemed 

t o  not al low for t h e  significance of the operation signs 

for addition and subtraction. 

Similar to Kim, Dorothy also had difficulty grasping 

the  various uses of letters in generalised arithmetic. In 

Test Question 5 (iii), if e+f=8 then e+f+q= ..., she wanteo 

the letter to be assigned a value: 

Excerpt 33 : 
Dorothy : What ' s ' g' anyways? 
Mark : ' g t  can be anything . . . 
In Test Question 6 (ii), what can you say about 'b' if 



b+2=2b, her response w a s  j u s t  the opposite. She did not 

expect the  letter t o  have any value: 

Excerpt 34: 
Dorothy: 'b' doesn't do anything. It's just a number ... 

it j u s t  a l e t t er .  

Surprisingly, later she correctly answered a question 

involving three unknowns, which could imply that she was 

clarifying her concepts  as we worked through the test 

questions. This was with T e s t  Question 14, what can you 

say about 'r' if r=s+t and r+s+t=30: 

Excerpt 35: 
Dorothy: 15. 
Mark : How did you get 15? 
Dorothy: Because I divide 15, I mean 30 i n t o  2 .  I g e t  15. 

Because if- 'r' is t h a t  (points to r=s+t) an6 
there's another ' r ' ,  so I g e t  t w o  of these and 
two of t h e s e .  

Notice that Excerpts 33  and 35 could indicate t h a t  Dorothy 

was getting better at the processes of identifying foatur+s 

of the problems and of comparing and differentiating, which 

may have been the cause of the clarified concept.  

Connecting with another cognition theme, the preceding 

discussion could also imply Dorothy w a s  reaching a new 

level of understanding. 

Jacob also indicated that his concepts of generalised 

arithmetic were not fully developed. For example, with 

Test Question 3, which is larger, 2n or n+2, he answered 2n 

because : 

Excerpt 36: 
Jacob : n+2, you can't do nothing. 

He was aware that there was a symbolic difference between 
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2n and n+2, so he has identified features of the problem, 

and he knew that 2n meant that something was being done 

with the 2 and the 'n', but his concept of letters as 

unknowns did not allow him to recognize that  he could in 

fact add 2 to 'na if In' were to take on some v a i u e .  Thus 

he appeared to be held back by the process of synthesis. 

All four of the students stumbled with Test Question 

22, the word problem involving blue and red pencils. Their 

difficulty lay in first of all understanding the problem, 

and then changing the sentences into one or more equations. 

The question itself was complex, and would have required 

all the processes of generalization, identification of 

features of objects, comparison and differentiation, and 

synthesis to successfully answer. None of the students 

completed the problem, but all seemed to be trying to find 

a numerical solution. This was not possible with the 

information provided in the problem. 

The exploration of this theme of concepts has found 

indications of support for Sierpinska's (19931 theory thar 

the development of concepts requires the processes of 

generalization, identification of features of objects, 

comparison and differentiation, and synthesis. What 

remains unclear is how each student was aware of their use 

of those processes, so a distinctive cultural or ethnic 

aspect to the theory was n o t  perceived. 



Summary 

The explorations with the themes pertaining to 

cognition have been fruitful in the sense of supporting 

most of the theories that motivated using the themes in the 

first place. Level of understanding, motivation and 

attitude, and concepts all appear to have played an 

important part in the mathematics learning experiences of 

the four students. However, with respect to the fact that 

the students were also immigrants, a distinct culturai or 

ethnic effect on those themes was absent. 

I find this a most striking and unexpected 

observation. The reviewed literature strongly suggested 

cognition as being important for the learning of 

mathematics in general. The links connecting cognition to 

culture and ethnic origin, both explicitly in the 

literature on cognition and implicitly from my reflections 

on the literature on language and culture led m e  to 

anticipate a distinctive cultural or ethnic flavour to the 

results of analyzing the cognition constructs. But three 

of the four students appeared to possess a way of thinking 

about and working with algebra that fits within t h e  range 

that  would be expected of any grade 9 class, and the fourth 

- Jane - had a tremendous advantage not from her culture or 
language, but from her exposure to the material at a much 

earlier age than is the norm in Ontario. If cognition is 

knowing, as was suggested in Chapter Two, what t h e s e  four 
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students 'knew' - at least as far as grade 9 a i q e b r a  was 

concerned - was on a par with their Ontario born and 

educated peers. The data presented under the heading of 

cognition could just as easily have come from students born 

and raised in Ontario. 

Overall my analysis supports the importance of seven 

of the initial themes with regards to the mathematics 

learning experiences of the four immigrant students: 

proficiency in the working language, words or symbois used 

in a language, multiple systems within a single culture, 

cultural inhibitors, level of understanding, motivation and 

attitude, concepts. I did not see support for the four 

other initial themes: bilingualism, culturally aiffcrcnt 

curriculum, minorities, word meaning. All of these themes 

require further exploration, the first group because of the 

importance my analysis of the students' experiences 

attached to them, and the second group because of the 

importance the reviewed literature attached to them. 

What was not expected, and which also requires further 

exploration, was the lack of cultural or ethnic aspects t o  

what I observed of the 'supported' group of themes. I 

repeatedly noted that  the data I was analyzing could have 

come from a student born and raised in Ontario. 

This brings to an end the presentation of the results 

of my research. However, these results lead to further  

speculation. For example, why was it that t h e  four 



students were not  dramatically d i f f e r e n t  from their peers, 

as far as mathematics learning experiences are concerned? 

Could it be that D'Ambrosio's (1990) cultural genocide has  

produced a global mathematics replacing ethnomathematics? 

In the final chapter questions such as these are considere6 

as my results are summarized and discussed, and canclusions 

drawn, Also included is discussion of limitations and 

suggestions for further research. 



CHAPTER FIVE 

Conclusions 

In this study a conceptual framework was developed to 

facilitate research regarding cultural and ethnic factors 

which could affect the learning of mathematics in an 

Ontario classroom. The framework w a s  based on iaeas ana 

theories gathered from a review of selected literature. 

The framework was used to develop a set of researcb 

questions which were then given to four grade 9 students at 

a London, Ontario secondary school during two sets of 

interviews. Interviewing the four students allowed me to 

seek possible support for ideas from the literature by 

reflecting upon the mathematics learning experiences of 

these students. In this chapter, a discussion of the 

findings of this research is presented. This chapter also 

contains discussion of the limitations of this study, and 

ends with suggestions for further research. 

Discussion of Findincrs 

The intent of this research was to explore how culture 

and ethnic origin had an effect on a student's learninq ana 

understanding of mathematics. The first finding of this 

exploration was that there existed a huge body of 

literature pertaining to the subject. Some of this 

literature dealt with the learning and understanding of 

mathematics, some investigated cultural or ethnic issues, 

and a smaller portion addressed both. The mere existence 
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of this body of literature speaks of the importance the 

research community and its backers attach to the subjects 

of culture, language, and the learning of mathematics. in 

addition, given that the literature came from countries 

such as Britain, the United States, South Africa, Botswana, 

Papua New Guinea, and Brazil, it seemed evident that these 

subjects are of global concern. 

It was also evident that some caution had to be t a k n  

while researching connections between culture, language a n d  

the learning of mathematics, for, as Secada (1992) warned, 

the researchers had to take care against creating or 

reinforcing group stereotypes. This caution was reinforced 

by my research. Some of the preliminary reports 1 read 

which attempted to connect culture or language to school 

mathematics performance could be interpreted as creating 

expectations for the mathematics performance of particular 

groups of students. Some of the students participating in 

my research belonged to some of those identified groups. 

But in terms of the mathematics the  students did during tne 

second interviews their performance did not correspond to 

what the statistical reports could lead me to expect.  

Furthermore, I did not  d e t e c t  any significant aspect of the 

students' Ontario mathematics learning experiences that 

would have been unanticipated from an Ontario born and 

raised student. 

Once my exploration of the literature was underway, 
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the next finding was that first two, and finaliy three.. 

headings emerged as being important for an immigrant 

student's mathematics learning experiences. These headings 

were language, culture and cognition. It was cognition 

which was the last heading to emerge. It was also 

cognition t h a t ,  based solely on the literature? I believed 

would be the most important factor in the immigrant 

student's learning of mathematics. In particular, 

Vygotsky's theory of cognition provided a logical link 

between a student's culture and language on one hand and a 

student's learning of mathematics on the other hand. A 

student's culture could serve as an external mediator for 

thought - including thought on mathematics - and tne word 
meanings assigned by the student's language could act as an 

internal mediator. My research was not able to properly 

investigate the cultural or ethnic effects of word meaning. 

Indeed one of the key observations of my research was of 

the lack of evidence of cultural or ethnic effects, which 

raises the question of just how important different 

cultures and languages are as mediators for thought. 

However, my research did support the importance of 

cognition itself to the students' learning of mathematics, 

reinforcing in my mind the impressions created by the 

literature. 

The third major finding of my explorations was the 

identification of significant themes within the three 
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headings of ianguage, culture and cognition. For lanquap, 

the themes were proficiency in the working language, words 

or symbols used by a Language, and bilingualism. Far 

culture they were culturally different curriculum, multiple 

systems within a single culture, cultural inhibitors, and 

majority versus minority culture. And for cognition the 

themes were word meaning, level of understanding, 

motivation and attitude, and concepts. These themes 

informed the development of a conceptual framework which 

was used to explore the mathematics learning experiences of 

£our immigrant students. The findings of that particular 

exploration are provided in Chapter Four. Support was seen 

for the themes of proficiency in the working language.. 

words or symbols used in a language, multiple systems 

within a single culture: cultural inhibitors, level of 

understanding, motivation and attitude, and concepts. I 

did not see support for the themes of bilingualism.. 

culturally different curriculum, minorities, and word 

meaning. Overall it seemed that the studentst transition 

to an Ontario mathematics classroom was fairly easy. 

However, some critical findings of the exploration of the 

themes need to be discussed here. 

In the review of the literature on bilingualism, S a x e  

(1988) w a s  reported to conclude that growing up bilingual 

positively influences some aspects of a student's coqnition 

about the arbitrariness of numerical conventions. Clarkson 
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(1992) found t h a t  students competent in both English an6 

their mother tongue had an advantage in mathematics 

achievement over students competent in just one language, 

even when the monolingual students had significant material 

advantages at their schools. These t w o  statements are 

significant in that they probably run counter to some 

people's predictions. As well they reinforce the suggestrd 

relationship between language and cognition. There are 

several possible explanations as to why my research did n o t  

find support for these statements. All have to do with 

factors that could have nullified the effects described by 

Saxe and Clarkson. The first explanation is to question 

what bilingualism truly means. If a student has to be very 

proficient in English and another tongue, then it may be 

significant that the most proficient English speaking 

student participating in my research had lived in Canada 

for the majority of her life. Consequently many of h e r  

mathematics cognitive structures would have been formed by, 

and dependent upon, English. 

Other explanations include the fact that three of the 

students used the same numerals and mathematical symbols in 

their home countries and two of the more recent arrivals in 

the group previously had been exposed to the material they 

were taught in Ontario. Not only do these explanations 

potentially nullify the effects of bilingualism, they also 

highlight DrAmbrosio's (1990) discussion of the 'civilizing 
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mission.' The fact  t h a t  three of the four students used 

the same numerals and mathematical symbols in their home 

countries, and also reported learning similar material to 

what they were exposed to in their Canadian classrooms, 

lends support to D ' Ambros io ' s not ion of ' cultural 

genocide.' The 'new society,' at least as far as 

mathematics is concerned, has reached into south-east A s i a ,  

Guatemala, and Libya.  Kim, Jane and Jacob had no sense of 

a mathematical heritage other than t h a t  of their 

eurocentric schools. 

Closely related to the lack of a sense of a 

mathematical heritage was the fact that the content of 

mathematics classes was apparently similar in Libya, south- 

east Asia, Guatemala, Kurdistan and Canada. This fact may 

account for my research finding support for the cognitive 

themes of levels of understanding and concepts, but not 

finding support for a cultural or ethnic effect on those 

themes. The same reason may also account for the lack of 

support for the theory of the negative effects of a 

culturally different curriculum. The implication is that 

there may truly be a global mathematics 'culture,' at least 

in terms of curriculum. This result  of my research wss an 

interesting one in light of the statements in Chapter One 

against a uniform treatment of all students: it means that 

these four students would not have mathematical needs 

noticeably different from their Canadian peers. 
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In addition, a11 four students came from cultures and 

societies in which writing was common. Even in Jane's 

Libyan texts. which were written from right to left in 

Arabic, the numbers w e r e  perfectly understandable to me. 

Perhaps this fact suggests another link between language 

and cognition: is it possible that languages which include 

writing encourage the development of similar cognitive 

structures? 

Another finding of the literature review was the theme 

of the effects  of being a member of a minority culture. 

Dorothy's time as a refugee in Turkey may qualify h- es as 

once being a member of a minority. As detailed in Chapter 

Four. Dorothy's refugee experience may have strengthened 

her national identity but otherwise did n o t  appear to have 

a f f e c t e d  her mathematics learning experiences. This 

observation is an interesting one to reflect upon, because 

it does not seem unreasonable for someone with such a 

strong national identity to be motivated to perform well at 

school. Her pride in being Kurdish could have driven her 

to want to succeed academically, perhaps in order to later 

be able to do something positive for her people. This 

consequence did not appear to have happened. A counter 

hypothesis, for example, is that the  exact opposite effect 

occurred; Dorothy's national identity could have caused her 

to reject the ways of the foreign society she found herself 

in. Recali for example that in Excerpt 19, when T asked 



Dorothy how calculations were done when her family w e n t  

shopping, Dorothy's first response was that her p e o p l e  are 

pretty smart. One way to interpret this response was that 

she was defensive about the different ways her people did 

things in her home country. In Excerpt 8 Dorothy spoks o f  

how shocked she was at the manner of dress and use of 

makeup by people in Canada. It is conceivable that these 

excerpts suggest a dislike for Canadian ways of doing 

things, which could also be manifested in a dislike of 

school - including mathematics class. 
As has been noted, the exploration of the literature 

created a sense of the importance of the theme of word 

meaning, but the explorations with the students yieldea 

nothing explicit showing how word meaning mediated thought 

and language for the four students. Far exampie, when a 

student was having difficulty with one of the Chelsea test 

questions, it was unclear from the discussions whether the 

reason was due simply to having difficulty with a 

particular English word or a concept expressed in English, 

or if there was a deeper issue of a conflict with a pre- 

existent cognitive structure. Perhaps the lack of evidence 

of a cultural or ethnic connection to word meaning was due 

to the fact that for Kim, Dorothy or Jacob the mathematics 

material w e  dealt with during the interviews had been 

learned by them after they  had moved to Canada - and thus 

was learned in, and the cognitive structure formed by, 
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English. I f  that  was the case, then their structures could 

be similar to mine as I too learned generalised arithmetic 

in English, making identifying an unusual characteristic 

very unlikely. In Jane's case the cognitive structures she 

w a s  usinq may have been informed by the language she s p o k e  

in Libya, but her long familiarity with the mathematics 

material combined with her low English proficiency c o u ~ ~  

have effectively prevented her from communicating to me a 

sense of those structures. 

The findings of the exploration into the theme of 

motivation and attitude are worthy of some discussion, as 

three items arose which appeared to be linked to culture 

and ethnic origin. One w a s  the use of physical punishment 

in some of the schools outside of Canada attended by the 

students. As a motivator this could have had a negative 

affect on attitude towards school and learning, and also 

could have motivated the development of instrurneatai 

instead of relational understanding. The second item w a s  

pride as a strong culturally-based motivator- This came up 

both with Jacob's explicit statements about his school and 

uniform, and with Dorothy's apparent national identity. In 

Jacob's case it may have helped with his apparently 

positive attitude towards school. However, the culturai or 

ethnic significance of these two items on the mathematics 

learning experiences of immigrant students is ultimately 

questionable, as the end results of pride, a dislike of 
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mathematics, or instrumental understanding of mathematics 

are also found amongst Ontario born and raised students. 

The third cultural or ethnic item identified for the 

theme of motivation and attitude has to do with the early 

exposure of many of the students to the material they later 

saw in Canada. This could have placed them at an 

advantage, as the cognitive structures needed in o t i e r  to 

work with the material may have already been established. 

It does seem conceivable t h a t  such an advantage could 

remain for the rest of the student's years at school for, 

while the student's peers were working on developing the 

structures he or she already had in place, the student 

would be free to develop new structures. 

Having made that statement, it is interesting to 

consider the effects of rote learning, which may nave been 

practised in the countries which exposed students to 

mathematical concepts at an earlier age than their Ontario 

peers. The t w o  students who appeared to have experienced 

rote learning had vastly different performances an the 

Chelsea T e s t  questions. Kim was one, and Jane was the 

other. Strictly in terms of outcome, Kim had the lowest 

achievement of the four and Jane had the highest. Kim had 

difficulty generalizing the basic operations of arithmeticr 

operations she may have begun to learn by rote before 

moving to Canada. On the other hand, Jane definitely knew 

her mathematical rules for generalised arithmetic, but it 
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w a s  unclear from our discussions whether she understood t h e  

rules or was merely applying them in situations she 

recognized from previous work. It was difficult to 

determine what their understandings really were, but again 

these cognitive observations are likely not a cultural nor 

ethnic origin issue. 

Thus the findings of the literature review portion of 

my explorations are largely unsupported by the interview 

analysis portion of my explorations, possibly due to the 

effects of what D'Ambrosio called 'cultural genociie' an& 

the 'civilizing mission.' In addition, if one accepts the 

existence of a qlobai mathematics curricuium 'culture,' 

then one would not expect to find a difference between an 

immigrant student and a student born and raised in Ontario. 

They would belong to the same culture. The lack of support  

should not weaken the importance of the findings from t h e  

literature in general, but does question the importance of 

many of those findings as they pertain to ethnic and 

cultural effects on immigrant students' experiences of 

learning mathematics. 

Mathematical Results from the Chelsea Test Ouestions 

Some discussion is appropriate on the Cheisea Test's 

definition of levels and how the students performed with 

respect to those levels. Kuchemann (1981) defined both 

levels of understanding and categories of interpreting and 

using letters when describing how to analyze the t e s t  
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results. The set of questions asked of each student in t h e  

second interview covered a11 six categories and all four of 

Kuchemannts levels. The students' performance w i t n  respect 

to the four levels was recorded, following the test's 

recommended procedure. 

Each Chelsea Test question was assigned a category.  

However, Kfichemann also stated that only three of the s i x  

categories - letter used as a specific unknown, letter used 
as a generalised number, letter used as a variable - 
indicated the students had attained some mastery of 

generalised arithmetic. In addition, Kuchemann assigned to 

some of the questions a ranking of levels from 1 to 4 .  Of 

those levels, only Levels 3 and 4 corresponded to 

generalised arithmetic. This resulted in what could appear 

to be a conflict between qoneralised arithmetic categories 

and levels. Some of the questions used were in a non- 

generalised arithmetic category, for example, iettex used 

as an object, but have a generalised arithmetic level, for 

example Level 4. The distinction lies with the fact that 

some generalised arithmetic questions could be answered by 

non-generalised arithmetic methods such as trial and error, 

and vice versa. 

That being said, the two students who performed b e s t  

in terms of levels - Jane and Jacob - were also the only 

ones to demonstrate higher order thinking with generalised 

arithmetic in terms of categories. Jane correctly answereu 
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three of five of these questions correctly, and Jacob 

answered two of five correctly. They could be said to have 

demonstrated a partial mastery of generalised arithmetic, 

while Dorothy and Kim demonstrated little or no mastery. 

While not a thorough investigation of each student's 

understanding of algebra as generalised arithmetic, this 

data does suggest each student's coqnitivc structures with 

respect to generalised arithmetic were at a different 

levels of development. Connecting with the themes drawn 

from the reviewed literature, this suggestion indicates 

that Jane and Jacob had developed some skill in their use 

of generalization, identification of features of objects, 

comparison and differentiation, and synthesis - the 
processes Sierpinska (1993) said w e r e  needed for the 

development of concepts - and therefore had moved to higher 
levels of understanding of generalised arithmetic. 

Im~lications for Schools 

The findings of this study produce three points of 

discussion for teachers of mathematics in Ontario. These 

points have to do with social factors versus cultural and 

ethnic factors, the lack of differences noted when 

comparing the students participating in this research to 

students born and raised in Ontario, the effects of prior 

knowledge, and the implications of language proficiency. 

First of all, the reviewed literature suggested that 

culture and ethnic origin might have implications for the 
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learning of mathematics. Teachers should note, however.. 

that for the four students participating in my research. 

culture and ethnic origin did not appear to be significant 

determinants of mathematics performance. Culture and 

ethnic origin seemed to have some effects on the four 

students. but it may be that social factors had more 

effect. Of the four students, the ones  with the weakest 

performance on the mathematics portion of the interviews 

were also those with the most disrupted social backgrounds. 

Those disruptions included war, refugee experience, moving 

from country to country,  and family conflicts. The 

students with the strongest performance on the mathematics 

portion of the interviews appeared to have had relatively 

stable lives. Thus teachers should be aware that 

literature produced by ethnocultural research may not be 

directly applicable to the learning of an immigrant 

student, a point emphasized by the remarkable lack of 

differences observed between the students participating in 

the research and students born and raised in Ontario. 

The second point derived from this research is that 

some attempt be made to determine what a new student's 

prior knowledge of mathematics is before placing that 

student in a specific mathematics class. This study faund 

t h a t  some of the students were ahead of their Ontario peers 

in terms of the mathematics content they had studied. In 

Jacob's case, as he stated that he found fractions 
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difficult and had not ypt been exposed to algebra when ic 

arrived in the country, placing him in a grade level which 

had not yet begun algebra and which allowed him more 

practise with fractions seemed an appropriate decision. 

But in Jane's case, based on the mathematics test she 

showed m e  during our first intetview, on her performance on 

the Chelsea questions during the second intetview, and on 

her Libyan mathematics text book which showed me tnat she 

had begun working on material at least t w o  grade l eve i s  

beyond the grade 9 material, I wondered i f  she could have 

been more profitably placed at a higher grade level for 

mathematics. In Vygotskian terms, I felt that the limits 

of her zone of proximal development for mathematics 

extended well beyond what she would be exposed to in grade 

9 -  Her major difficulty seemed to be with the language of 

communication and not with the course content, which leads 

me to my final implication. 

My observations of Jane raise the question of how to 

address an immigrant student's language proficiency. 

Language proficiency was clearly a factor affecting the 

students' ability to participate in mathematics class- 

Referring back to the reviewed literature, Spanos, Rhodes, 

Dale, and Crandall (1988) said that a minimum level of 

English proficiency is required for a student to function 

effectively in cognitively demanding tasks,. and can take 

five to seven years to develop in a student's second 
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language. They also discussed the mathematics reqistrr, 

and suggested that a language approach to mathematics 

education is required in order to develop this register. 

The importance of English proficiency for the learning of 

mathematics plus Spanos et al's requirement of a minimum 

level of proficiency suggest that educators should consider 

attempting to determine the English proficiency of a newly- 

arrived student before deciding to place him or her in a 

mathematics class. An associated implication is that 

mathematics vocabulary, indeed vocabulary specific to any 

secondary school subject, should be an intrinsic part of an 

ESL curriculum. 

Limitations 

Limitations of this research iikely relate to time. 

the framing of the initial interview questions, and the 

eurocentric nature of one of t h e  data gathering toois. 

Time could have been a limitation of this study. 

After negotiation with the school and approval by the 

Ethical Review Committee, two interviews were conducted 

with each student, with a maximum of forty five minutes 

allowed for each interview. The time allowed was enough 

for a thorough discussion of all the prepared research 

questions. The four students all volunteered their t i m e ,  

were very accommodating, and did not give the appearance of 

being disturbed by the proceedings. However, if the 

students were not familiar with being interviewed, it is 
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possible that they could have suffered from some anxiety 

during the interviews. Hence over a longer term the 

student may have become more relaxed and given different or 

more comprehensive answers. 

Entering the interviews with a pre-conceived s e t  of 

questions was a possible limitation. Although the 

questions did allow for a11 the factors and t h e m e s  cf my 

research to be explored, they also limited the use of 

probing when a student's answer diverged from the theme 

under exploration. A more open-ended set of questions 

would allow for more such probing. 

Finally, another limitation of this research may have 

been the use of a eurocentric diagnostic tool - the Chelsea 
Diagnostic Test - to help look for cultural or ethnic 
factors affecting the learning of mathematics. Although 

the focus of my research is on the process of learning 

mathematics, it should be noted that the con t en t  af the 

t e s t  is very similar to w h a t  the students wauld have been 

exposed to in grade 9 mathematics class. The ways of 

responding anticipated by the test may have been governed 

by a particular eurocentric cognitive structure. 

Consequently it is possible that the test interfered with 

discovering some of the cultural or ethnic factors. 

Furthermore, the Chelsea test questions used focused on 

generalised arithmetic, which is based on w h a t  could be 

familiar arithmetic rules. It is possible that another 
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test addressing a different topic of mathematics could nave 

allowed exploration of the students' cognitive workings not 

permitted by generalised arithmetic. 

Although not a limitation of the study per se, a 

different group of four may have answered the questions 

differently, perhaps leading to explorations of cultural or 

ethnic factors not possible with the participants of tnis 

study. 

Suqaestions f o r  Further Research 

In the course of preparing for, implementinq:  an^ 

writing up this study, a number of interesting questions 

arose. These questions suggest possible areas of further 

research related to the topic of culture and ethnic origin 

as it affects the learning of mathematics. Four 

suggestions are given. 

F i r s t  of all, the interview aspect of this study dealt 

exclusively with the perspectives of the four immigrant 

students. But there are other participants in the 

classrooms who may also affect the learning of these 

students. There are the other students in the classes, who 

will contribute in some way to the learning environment. 

There is also the teacher, who is the one facilitating the 

learning. It would be interesting to investigate what the 

preconceptions and perceptions of these two groups are as 

they relate to students joining their classes from other 

countries. Do any stereotypes come in to play? Is some 
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effort made to educate the teacher and stuaents  on tne 

background of the new arrival? What efforts are made to 

discover how the newly arrived student learns? 

Secondly, this research was based in p a r t  on the 

theory that a student born and partially educated in 

another country could have developed a cognitive structure 

that affected his or her learning of mathematics. 

Investigating cognition thoroughly requires time, 

especially when one considers that the development of 

cognitive structure takes place over time. When collecting 

data from students ,  as t h e y  may n o t  be fuliy aware of now 

their own structures are developing, other ways of 

gathering data besides interviews would be required. N i t h  

time, students could be observed while in the process of 

learning. They could keep journals, providing data on 

their own thoughts. And they could be interviewed 

repeatedly over time, for example at the beginning, middle 

and end of their algebra unit, so that further data on how 

their cognitive development was progressing would be 

gathered. In addition, algebra need not be the sole focus, 

and topics such as geometry, measurement, estimation, and 

statistics could be considered. These other topics have 

the potential of exposing other cognitive structures not 

addressed by algebra. 

Hence researchers should follow a recently-arrived 

student through a mathematics course, or a unit within a 
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course, observing and recording the student's proFrcss as 

well as interviewing the student throughout t h e  time 

period. That process should reveal more comprehensive data 

on cognitive systems than t h i s  research did. It could 

include diagrams, charts, written samples of student work, 

transcripts, excerpts,  observations of how a particular 

type of problem was attempted, and so on. 

Thirdly, the analysis performed on the interviews 

conducted during this research did not find much to support 

or refute theories based on culture or ethnic origin. 

However the analysis did suggest t h a t  social conditions, 

although not explicitly looked for, had an effect on 

learning. As noted in Chapter Three, I decided to add 

'Stability' as an unexpected construct or theme emerging 

from my research .  T h i s  decision w a s  based upon attempticq 

to connect the students' life stories with their apparent 

mathematics performance. Kim had the poorest mathematics 

performance of the four students, and perhaps the least 

positive attitude towards school. She was also the  s tuaent  

who had had the most disrupted life, moving throughout 

south-east Asia and perhaps losing her original parents 

before arriving in Canada. Dorothy, too, had some 

disrupted years, having spent four years in a refugee camp 

and one year in Vancouver before settling in London. Her 

mathematics performance and attitude were slightly better 

than Kim's. Jane and Jacob had both experienced what 
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appeared to be relatively stable home and school lives.. and 

seemed to be adapting well to attending school in London. 

T h i s  was d e s p i t e  their much shorter stays  in Canada, as 

compared t o  Kim and Dorothy. 

The emergence of stability as an unexpected theme or 

construct raises the question of its importance to the 

mathematics learning experiences of an immiqrant stud-enr 

relative to the themes already discussed in the reviewed 

literature. This question merits further exploration. 

Finally, there is a question of a philosophical 

nature. It is a disturbing question, because it presents a 

conflict between what it would be proper or moral for a 

teacher of mathematics to do, and w h a t  is practical to do. 

The question has to do with how teachers should treat 

'other' mathematics. Thomas (1996) has called 'other'  

mathematics as described by D'Ambrosio and Ascher as 

'proto-mathematics,' and cautioned against treatinq it as 

'real' mathematics. Proto-mathematics includes culture- 

specific activities such as the mathematics  use^ by 

adolescent street sellers in Brazil, by illiterate 

subsistence farmers in southern Africa, and by people 

anywhere who have not experienced formal eurocentric 

schooling but still practise some form of calculation. 

Thomas said that 'real' mathematics is the abstraction of 

what various cultures have developed w i t h  their pro to-  

mathematics; it is the plant that has grown from the  seed 
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of proto-mathematics. Thomas also argued that 'realt 

mathematics is the truly global mathematics, as it was 

built on ancient Greek and East Indian concepts and has 

been practised and developed all around the world. In this 

he is supported by the fact that  three of the four students 

participating in my research were learning 'real' 

mathematics in Guatemala, Libya, and south-east Asia. 

That being said, the question remains of what to do 

with s tudents  arriving in Ontario classrooms w i t h  

experience of 'other' mathematics. How can teachers 

acknowledge and give value to this experience while also 

ensuring that these same students learn the kind of 

mathematics required for active participation in Ontario's 

society? For, despite our stated political policy of 

multiculturalism, there is really only one kind of 

mathematics being practised in Ontario's businesses and 

industries, and that is the mathematics formally taught in 

the school system. 

Conclusion 

This research began with the question of now cuiture 

and ethnic origin had an effect on one's learning and 

understanding of mathematics. After developing a 

conceptual framework based on ideas selected from a review 

of relevant literature, my research explored this question 

with four grade 9 students, all of whom had been born and 

partially raised outside of Canada. This portion of my 
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research focussed on questions of cognition, language, and 

culture by using the framework to analyze interviews with 

the four students. 

The literature review portion of the research 

initially uncovered some quantitative studies and some 

discussion of ethnomathematics. Later the review 

identified the three headings of cognition, language and 

culture, and later still produced eleven themes which were 

theoretically important for an exploration into languaqe, 

culture and the learning of mathematics. From the 

quantitative studies I discovered expectations For now 

particular ethnic or language groups would perform in a 

'western' mathematics class .  From the ethnomathematics 

literature I gained an understanding of just how vast  are 

the  activities practised worldwide that can be considered 

'mathematics.' And from the three headings and e leven 

themes 1 learned just how complex and multi-faceted was the 

question I had chosen to explore. 

The interview portion of my research was very helpful 

for indicating which parts of the literature review could 

truly be significant for the mathematics learning 

experiences of an immigrant student. First of all, 1 found 

that my preconceptions from the quantitative studies were 

wrong, endorsing Secada ' s (1992) caution about group 

stereotypes. The students helped me realize that, ~ e s p i t e  

the v a r i e t y  of mathematics that has been identified 
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worldwide, I should not expect  that an immigrant student 

has been exposed to mathematics different from the kind 

practised in Ontario schools. And, although providing m e  

with data that indicated support for many of the themes of 

language, culture and cognition in generai, tne  stu6ents 

also helped me realize that  for them culture and ethnic 

origin may not have played a major part in their 

mathematics learning experiences as immigrant students. 

And so it is that the  effects of culture and ethnic 

origin on the learning of mathematics need further 

exploration. The literature created a view that immigrant 

students' cultures, languages and cognitive structures will 

affect their mathematics learning experiences. But the 

four students interviewed during my research have 

challenged t h a t  v i e w ,  suggesting that factors such as a 

common mathematics curriculum 'culture' and social 

stability may be equally important. Mathematics t e a c h ~ r s  

working w i t h  immigrant students should therefore be 

somewhat cautious when applying views expressed in the 

ethnocultural literature to their classes. 
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