CHAPTER 1
INTRODUCTION

1.1Introduction

My initial interest in this research arose from my teaching experiences, over a long

period of time, with students who learn mathematics in English, and yet English is

not their first | anguage. Oof t en, t hese st
subject; 0 AThe problem is with understand,]
confusing and a waste of time; 06 fiLanguage
first | anguage; 0 AYou are the teacher, SO
them notto expect me to do the thinking for them, but to learn by exploring,
suggesting solutions, reflecting and sharing their ideas with others in the class. It is
this mismatch between my view and student:
be taught and leaed that led to this study.

In order to put the impetus for this thesis in perspective, | begin by presenting a
summary of my background and my motivation for the study. Next, the need for
study is spelt out, in terms of the problems faced by -EiglishSpeaking
Background (NESB) students studying mathematics and the challenges faced by their
teachers. Under research design | state the research question, briefly outline the
practitioner research design, and signal the theoretical perspective that hasl enabl
me to gain insight and understanding into my teaching practice. Finally, | present an

overview of thesis chapters.

1.2 My background and motivation for this study

| am a mathematics teacher, with long experience teaching mathematics. | taught
mathematcs t o high school students in Zi mbab\
language is not English, which is the language of instruction. Since 2001, however, |
have been teaching mathematics to NESB students at a university in New Zealand.
These studestare studying Year 13 secondary school mathematics before they start
their degree studies. Throughout this period, | have made a number of informal
observations about my practice and from these informal observations | have
conjectured that the problems my mathematics classrooms may be to do with
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student reluctance to participate in discussions, their uneasiness with collaboration,
and difficulties with contextualized problems. Rather than benefiting from
contextualized problems, which | anticipated vebbaielp students link mathematics

with their lives, | have observed the confusion, frustration even despair some of my
students experience when faced with these problems. On the other hand, some
students blossomed in my classes. It appears that the smaiekicin my classroom

can enable and it can constrain how NESB students learn mathematics. Consequently,
the impetus for this research is not a-tinee event; rather it draws from experiences

that stretch over my entire mathematics teaching career.

Inmy mathematics cl asses | have al ways wan
solve contextualised mathematics problems, to talk and communicate about
mathematics ideas, to express their own mathematical thinking and judgements and to

take ownership of the learning. Furthermore, | have wanted to develop student
dispositions towards currently accepted ways of doing mathematics. Rather than learn
mathematics by committing information and rules to memory without understanding,

| have always wanted my studsentto learn mathematics, with conceptual

understanding, through collective construction of knowledge.

Seeing that my students struggle, | began to think about ways to explore my
classroom to gain a deeper insight and understanding of my own teachingepracti

therefore decided to gain a better understanding of my own practice by embarking on
conscious reflection and evaluation of my professional behaviour. This meant
researching my own teaching. | hoped that a better understanding of my teaching
practicecould help me tackle some of the problems faced by NESB students studying

mathematics, and be of interest to others with similar concerns.
1.3The need forthe study

Mathematics teaching is an important area of research because teachers have direct
influence on what mathematics is taught and, how it is taught and learned (McCrone,
2005; Anthony& Walshaw 200 7)) . I f we are really conc

mathematics learning, we need to investigate the teaching practice of their



mathematics teacher®ut another way, there is need to research how the issues

associated with teaching mathematics to NESB students can be better addressed.
1.3.1 Problems faced by NESB mathematics students

The problems faced by students who learn mathematics in a landjifagent from

their first language have been acknowledged the world over (e.g. Adler, 1999;
Bernardo, 2002; Biggs, 1999; Gutierrez, 2002; Moschkovich, 2002). The problems
students face are associated with their language proficiency, their beliefs about th
teaching and learning of mathematics, and the mismatch between their expectations

and those of their teachers. Someti mes NI
because mathematical problems or questions and other learning materials are written

using assmptions about what the typical local student might be familiar with in

terms of ways of working and the contexts and materials involved. These
assumptions may be incorrect for NESB students. For example, a study carried out in

Spain found that NESB studen@andor new arrivals in Spain tended to have

di fficulties understanding and using #dfcl a:
and most | ocal students consider[ed] share
(1996) and Leung (2001) have identifiecatthAsian students studying in foreign

countries find the nature of @perative learning and collaboration in these countries

differs from those in the Chinese education system.

In the New Zealand education system, particularly at the secondary schalptiev

delivery model tends to be dominated by collaborative small group activitié&sr and
wholeclass discussions, rather than teacher transmission. These teaching and
learning approaches may not be familiar to \and f i t wi t h NESB s
expectatios, and so they can struggle to fit in or adjust. For example, in a New
Zealand study of NESB students studying calculus at Year 13 level, Edwards (2003)
found that Chinese students expected teachers to be available for extra support after
class time, as vgathe case in their home country where the school day was extended
significantly. Edwards noted that teacher use of humour and a lemmieed

teaching style could cause NESB students discomfort and confusion rather than
helping them relax and feel abme . Edwards also found that

limited proficiency in English caused them embarrassment when interacting with



teachers or other Engligpeaking people. Similar conclusions were arrived at by
Neville-Barton and Barton (2005) in their stjudf NESB mathematics students at

five high schools and one university in New Zealand. They also concluded that when
contextualised problems are used in teaching mathematics, NESB students are
disadvantaged due to, among otlfectors languagedifficulties. How these issues

might be addressed is a concern of this study.

Since classroom norms and expectations along with the tasks used have important
consequences for studentsd performance and
this study focuses on the ways classroom social norms, sociomathematical norms,

and classom mathematical practices (Cobb, Stephan, McClain & Gravemeijer,

2001; Yackel & Cobb, 1996; Yackel, Cobb & Wood, 1991) can facilitate or constrain

NESB student s0 maaskdeom btdratuoe gevidweandr my iteaching
experience, | assume tdESB students may have not been exposed to the teaching

style that values and encourages negotiation of mathematical meaning.
1.3.2 The practitionerdés probl em

The poor performance of NESB students in mathematics is often blamed on their
mathematics teachemwho are said to be {firepared to offer appropriate instruction

for these students. NESB students come from a wide variety of social and cultural
backgrounds, thereby posing huge challenges to mathematics teachers if they are to
meet individual needs.ihguistically NESB students can be very diverse, meaning
that NESB students in mathematics classrooms are likely to have many different first
languages (Walshaw & Anthony, 2007), giving rise to communication and other
related problems. Adler (2001), Khis{995), NevilleBarton and Barton (2005),

and Moschkovich (1999), for example, have, in separate studies, identified the
challenges to teachers associated with teaching mathematics in multilingual
classroom contexts. These findings suggest that a matbsntedcher faces extra
demands due to the multiple first languages among NESB students (Enyedy, Rubel,
Castellon, Mukhopadhyay, Esmonde & Secada, 2008).

Given the current emphasis on international education, mathematics teachers, the
world over, cannot wait for NESB students to master English (the language of

instruction) before they teach them mathematical content (Campbell, Adams &
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Davis, 2007). A teacher of NESB students is now expected to prepare activities that

enable students to simultaneously ledne language of instruction and formal
mathematical languageAiithony & Walshaw, 2009;Moschkovich, 2002). In

addition, teachers are expected to identify linguistic demands that affect NESB
student séo l earni ng, and adj u <dlturalt dne i r i ns

linguistic issues associated with NESB students.

Research focusing specifically on mathematics teachers of NESB students is not
readily available but teachers understanding their own teaching practice is gaining
interest in mathematics eddca o n worl dwi de (Pl anas &
Practitioners are being urged to subject their practice to rational interrogation (Parker,

1997) and the emerging importance of teacher practitioner research is evident from
publications about methods of conductisgch research (van Zee, 2006). The
perception is that researching onebds own
focusing on and generating knowledge in the context of practice (Pritchard, 2002). In
schools, colleges, and universities, teachers sel¢lielopment of a researbhse

grounded understanding of their educational efforts as key to their improving the
services they offer (Zeichner & Noffke, 2001). This study fits with this trend. |
considered it was essential that | systematically studyomy teaching practice to

develop a researdhformed understanding of the ways in which | might better
support my studentsdé mat hematics | earning.

1.4Research design

This section states the research question guiding this study, gives a brief outline of a
practitioner research design and signals the theoretical perspective used.

1.4.1The research question
The research question that guides this study is:

What can | do to my teaching practice

learning?

In order to addressthe question What can | do to improve my practice? Mason (2002)

suggests that participants or practitione



practice consists of as opposed to their ideals and wishes; and what action they take

and what the effest ar e of taking those actionso ( M:
this study intends to do. Following Mason | am proposing to explore my actions,
aspirations, fears, and motivations with respect to my teaching practice. The main
objective of this study #refore is to interrogate my experience; to record, analyze

and reflect on episodes or events that occur as | teach and to report a story of my
professional learning about my own practice as it enables and constrains the learning

of my NESB students.

More specifically, the objectives of the study are:

1. To document, reflect on and interpret teaching and learning events that occur

during the research period;

2. To reflect on myown actions during selected events in my mathematics
classes;

3. To reflect on my studentsdéd actions duri
classes;

4. To build new understandings of myself and my practice, with special focus on

the implications for NESBtudent mathematics learning;

5. To identify and explore the i mpact of

mathematics learning; and

6. To produce a sequence of writings (or story) about my professional learning
as my practices evolve during the resegrehod, in the hope that this will be

of benefit to other mathematics teachers of NESB students.

My wishiin this study is to develop an understanding of my teaching practice in a
manner that enables me to work with, and enhance the mathematics learning of my
NESB students who have come to New Zealand to study Mathematics with Calculus
andor Mathematics wittstatistics, for at least one semester, before gaining
admission to study for a university degrébe wordnew in some of my objectives

is used to mean new to the teacher (i.e. me) amgect that the understandings will

be newto other mathematics telaers of NESB students at tertiary level. It is closely
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tied to the overall research question. Explicit focus on initiating and guiding the
development of classroom norms and mathematical practices that value, encourage
and provide opportunities for negatibn of mathematical meaninggs new tame.

So, theunderstandings of the impact on student learningipfementing certain

teaching strategies will be a new experience for me.

Although my students are involved in this study, the main concern is njrigac

practice. | therefore pursue an inward focus directed at my own actions as a

mat hematics teacher of NESB students, rath
classroom behaviour and their responses to the curriculum. This thesis documents the
joumey | travelled while trying to satisfy
mathematics learning. In it | engage in theory and link this with my practice. To do

this in a logical way, | need a fittingsearch design and theoretical perspective for

the study Next, | provide a brief overview of a practitioner research design used in

this study.
1.4.2 A practitioner research design

Practitioner research i s i nqguiry into on
education (CochraBmith & Donnell, 2000; Steel& Widman, 1997). It can be used

to finet une oneods strategi-3mth 8&alyte, 1pA9)aand i c e (C
hopefully, become a more effective practitioner than before. In broad terms it refers

to a range of activities qigopunderstandilgr y out
whil e pursuing or i mproving a social pr a
(Pritchard, 2002, p. 3). Carr and Kemmis (1986) contend that sucheBedttive

enquiries are undertaken by participants (e.g. teachers, students,gis)ncicertain

situations (including educational) in order to improve the rationality of their own

situation or educational practices, their understanding of these practices, and the
situations in which the practices are carried out. This approach ispaigpe for this

study, and hence, is used to enable me answer my research question as | focus on my

development while trying out different teaching strategies with my students.

This study investigates my teaching practice at a tertiary institution in2¢afand
as | work with NESB students to develop their mathematical knowledge, before they

gain admission to do undergraduate studies. Data collection includestapidigp my
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words during teaching. Data are also collected through journaling of reflecions
lessons and through student grooferviews. All data are analysed using an
interpretive methodology. Data and data analysis provide significant evidence
required to answer the research question. Although research data are generated at one
particular place, | am able to bring a broader practitioner perspective on NESB

student sé6 mathematics | earning to this r1e:c

this study is discussed next.
1.4.3 Theoretical perspective

The theoretical perspective that allowe to talk about my teaching practice in a

coherent manner is sociocultural theory (Cobb, Gravemeijer, Yackel, McClain &
Whitenack, 1997). A sociocultural perspective emphasizes the social and cultural

nature of learning mathematics. Specifically, thelgtwill use and build on Cobb et

al .o0s (2001) understanding of mathematics
social norms (e.g. forms of participation), sociomathematical norms (normatives

specific to mathematics), and mathematical practices (nwesatpecific to a

mat hemati cal i dea, e. g. geometric sequenc
together, these three aspects constitute the social perspective of learning. In addition

their understanding is that the mathematics classroom involves hopsyical or

individual perspective. The psychological perspective is concerned with the nature of

the individual studentdéds reasoning in com
colleagues coordinated these two perspectives and argued that theyractivetg

related. They accounted for the individual, the group and the interplay between them.

Since my research is about my teaching practice and social aspects of student learning

as it occurs in the context of the classroom, my main focus is on tia¢ asgects of

Cobb and his teamdés theoretical perspectiyv

This study is concerned with classroom social norms that offer opportunities for
NESB student participation in mathematical activity. Social norms refer to those
aspects of social interactionsathbecome normative expectations in the classroom
(Yackel, Rasmussen & King, 2000). They include that students are expected to
explain and justify their thinking. By immersing myself in my teaching practice and
examining the social norms that are establishy my NESB students and myself |



hope to gain a better understanding of my teaching practice and at the same time

enhance their learning.

In addition to classroom social norms, this study is interested in sociomathematical

norms. Sociomathematical nosmare normative aspects specific to mathematical

activity. They are those social norms that are specifically related to mathematics.

Soci omat hemati cal norms include coll ecti v

mathematically different, sophisticateddf f i ci ent and el egant o ( Ya

Classroom mathematical practices are concerned with normative ways of reasoning

and symbolising about particular mathematical ideas (Bowers, Cobb & McClain,

1999; Cobb et al., 2001). They are part and parcelathematical activity, but unlike

social and sociomathematical norms, they are specific to particular content. In view

of this, | further propose to examine some classroom mathematical practices that are
established and developed during shared paaticul mat hemat i c al topic
individual mathematical interpretations and reasoning within a topic can influence

collective or shared classroom practices that evolve as part of a mathematical topic.

Taken together, these three constructs (classroamal storms, sociomathematical
norms, and classroom mathematical practices) will form the framework | use to
describe and inform changes in my teachir

mathematics learning in my mathematics classes.

| began the study hapg it would serve a dual purpose. That is, the ongoing findings

would support my ability to use reflective strategies in my teaching practice and
support my NESB studentsdéd | earning of matt
that findings would be relewnt to the teaching and learning of mathematics, in

general. It is my desire that the study address the gap in literature concerning ways in

which mathematics teachers of NESB students and their teaching practice can be

supported.
1.5 Overview of thesichapters

This thesis is divided into nine chapters. This chapter, Chapterl, has provided an
introduction to the study. | began by presenting a synopsis of my background and

motivation for the study before signalling some of the problems faced by NESB
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mathenat i cs student s. Some of the practiti
described. The research question was stated and the practitioner research discussed in
brief. Finally, the chapter outlined the theoretical perspective that guides this study.

Chapter 2 reviews the literature on the issues currently facing mathematics education.

Key aspects of each issue are outlined in relation to how they impact mathematical
activity and might support or not NESB st
is prgposed as a human activity and learning mathematics as a social and cultural
activity. Chapter 3 discusses, in more detail, the theoretical perspective that underpins

this study, namely, the sociocultural perspective. A specific framework for analyzing

the classroom microculture is detailed. This identifies three significant domains for

this study and each domain is discussed, separately.

In Chapter 4, the methodology and methods used in this study are outlined. The main
theoretical influences on the metlubogy of the study as well as the processes of
data collection and analysis are discussed. The chapter highlights issues to do with

ethics, trustworthiness and generalisability in practitioner research.

Chapter 5 presents and analyses data associatedclageroom social norms.
Examples are used that clarify and illustrate how classroom social norms were

I nitiated and gui ded. Epi sodes illustrate
participation over time. Data presentation and analysis continu&sapter 6, where

the focus is on sociomathematical norms. Examples show how sociomathematical
norms for contextualized problem solving were collectively constituted. In addition,

they show the changes in the ways NESB students participated in this ntathkema

activity. Data related to classroom mathematical practices is presented and analysed

in Chapter 7. In this chapter, examples demonstrate the ways | initiated and guided

the establishment of particular classroom mathematical practices exclusive to

diff erent topics. They also illustrate the

and reasoning in particular mathematical ways associated with a topic.

Chapter 8 discusses the findings in relation to the research question, the literature
reviewed andthe sociocultural perspective. Lessons emerging from the study are
discussed in relation to the three domains of interest in this study: classroom social

norms, sociomathematical norms, and classroom mathematical practices.
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Finally, Chapter 9 summarisesam conclusions about teaching NESB mathematics
students, arrived at in this study. This last chapter also sets out limitations of the

study, implications of findings, directions for further research, and concluding

remarks.
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CHAPTER 2
ISSUES FACING MATHE MATICS EDUCATION

2.1 Introduction

The research focus for this study arose from my personal interest iEnghsh

speakingp ackground ( NESB) student sé6 mat hemat i ¢
the issues currently facing mathematics education. The issrias are: a diversity of

views about the nature of mathematics, pedagogical issues to do with mathematics,

and how to better support NESB studentso
reviews literature relevant to these matters to identify gaps wigeceso teaching

and | earning approaches to support NESB st

Differing views about the nature of mathematics have an influence on the ways in
which mathematics is approached in the classroom. In particular, the product view,
process view, and cultural view of mathematics have a heffect on how
mathematics is taught and learned. Each of these views is outlined and discussed in
relation to classroom practice. Next, | deliberate on issues associated with
mathematics pedagogy der the headingthe role ofcontextualizednathematical
problems, communicating mathematically, and developing student autonomy in
mat hemati cs. | ssues speci fic t o NESB st
particular interest in this study. In orderdgain a deeper and better understanding of

the impact of mathematics classroom culture on NESB students, some of the major
concerns are identified and discussed from both a theoretical and practical point of
view. In particular, the discussion focuses omdmnic culture and language. |
propose that an understanding of all these matters provides a sound basis for
investigating the ways NESB students can be assisted with their mathematics
learning. In the final section, | provide a summary of the chapter.

2.2Views of the nature of mathematics

There is a wide range of views about the nature of mathematics (Dossey, 1992;
Lerman, 1983; Nickson, 1994; Presmeg, 2007). From this range, | tentfied

three broad views as predominant in the literature and of relevance to my study.
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They are the product view, the process view and the cultural view. Although these
views overlap, | will discuss them separately, in order to better highlight yartic
points that impact on teaching and learning mathematics.

2.2.1 Product view of mathematics

The product view characterizes mathematics as a fbaty of knowledgethat
consists of concepts, principles and skills (Dossey, 1992; Ernest, 1996). It has
specific content, methods, language and answeosn this perspective, mathematics

is essentiallya product with a distinctive knowledge structure (Burton, 1995). The
product view does not treat mathematics as something that changes and grows
(Nickson,1994).1t regards mathematics as being the same over time, everywhere and
for everyone, hence, universal (Ernest, 1990). The product view treats mathematics as
abstractand valuefree (Leung, 2001; Lerman, 1990). It considers mathematics to be
separated &m human activity and contekiee. Mathematics is regarded as objective
truth with formal rules. Mathematical truths are discovered through deductive
arguments or method¥he product view does not perceive mathematics as a way of
knowing and interpretingur experiences. Instead, its goal is to provide rigorous
systems to warrant the unquestionatg@etainty of mathematical knowledge. This has

implications for classroom practice.

Teacher classroom practice that is aligned with the product view focusespomg
students acquire the distinctive structure of mathematics. It emphasizes mathematical
content, rules, language and correct deductive methods and answers. Mathematical
concepts or methods are meticulously transmitted by the teacher (Wong, 2002). In
mathematics classrooms, all authority resides with teacher. Teaching involves highly
structured lessons and rigorous mathematical language. Teaching practice committed
to the product view pays no attention to context. Instead it focuses on formal rules.

These rules can be proved deductively using correct arguments (Burton, 1995).

Classroom practice disregards human values. At the same time it emphasizes
conformity (Leung, 1995). Mathematics ideas are not negotiated (Burton, 1995;
Ernest, 1996). Insteadhstruction stresses using the same method and getting the
same answers from everyone when solving the same mathematical problem. Methods

are learned first; uses and applications come later.
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In a classroom aligned to a product view of mathematics, students learn the
distinctive structure of mathematics. They acquire mathematical content and learn
procedures for solving tasks. This can lead students to think that mathematics is a
structured cdéction of mathematical facts and methods to be acquired by
memorizing or rote learning. Furthermore students can think that mathematics is
transmitted by the teacher to the students and that all the authority rests with the
teacher. Students could thinkat each mathematical task has a unique, fixed and
objective answer. This can lead students to believe that it is more important to know
how not why (Boaler, 2002) In addition, they can perceive mathematics as a formal
game with no connection with humagctivity. This could lead them to think that

mathematics is valufeee.

Literature shows that although the notion that mathematics is a body of infallible and
objective truth is now questioned by many mathematicians and philosophers, there is
still wide acceptance of this view by society, mathematics teachers, and students
(Benn & Burton, 1996)A number of mathematics teachers continue to align their
teaching with the product view. Howevem ancreasing number of people see

mathematics as a social caunst, a process. This view is discussed next.
2.2.2 Process view of mathematics

In contrast to the product view that characterizes mathematics as absolute, the process
view regards mathematics as sacial construct that is open to change and
development (Ernest2010a Hersh, 1998; Nickson, 1994). The process view
considers mathematics to be a human activity. It is an outcome of social processes
(Cobb, Yackel & Wood, 1992). From the process vievathematics is a social
process that involves investigation. It is open to revision in terms of concepts (Hersh,

1998). This impacts classroom instruction.

Teaching practice committed to the process view focuses on the social practices of
jointly negotiathg and constructing mathematical meaning, in sgralps and the
whole-class (Yackel & Cobb, 1996). In addition, instruction focuses on the process of
doing mathematics in context, rather than on mathematics content itself (Leung,
2001). Apart from thisteaching uses problem solving and investigational approaches
(Cobb, Yackel & Wood, 2011; Lerman, 1990). It utilizes +idal or practical
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problems. Teacher classroom practice stresses the process of solving the task rather
t han getti ng andwer. Itfpushea for egplonring, guestionihg and the
merits of mathematical thinking (Moschkovich, 2007). Mathematics is sometimes
done individually, but at other times shared, challenged, questioned and discussed
(Burton, 1995; Moschkovich, 2002). In rhatnatics classrooms that adhere to the
process view, students experience mathematics as a human activity. They share their
work and explain their thinking. Students engage in mathematical investigations and
experience collectively solving practical or rdié¢ problems. Simultaneously, they

can recognize that mathematical knowledge can be subjected to scrutiny,
reconsideration, revision and refinement (Cobb et al., 20018se experiences can

lead them to think that mathematical meanings can be exploceceaised Students

can also think that mathematical meaning is subject to change or improvement
(Lerman, 1996Nickson, 1994).

By itself, the process view is limited because it fails to adequately account for what
mathematics is, that is, mathematicsveuel a d e n . The ofvhewl ueo
mathematical knowledge comes into being implies that mathematics is not only a
social phenomenon but also a cultural one (Nickson, 1994). The next section

discusses the cultural view of mathematics.
2.2.3 Cultural vew of mathematics

A cultural view of mathematics locatdsiowing and doing mathematics within
sociocultural activity, and recognizes the differences in how this activity is organized
within different communities and interpreted by different individy&larton, 1996;
Cobb & Hodge, 2002)The cultural view regardsnathematics as an inherently
cultural activity that is tied to particular cultural practices and so, mathematical
knowledge is considered to be culturBlshop,1988; Lerman, 1996; Moschkovich,
2002). From this perspective, mathematissvalueladen and situated in social
contexts, but not universaDéngate & Lerman, 1995 erman, 1983; Presmeg,
2007). This view acknowledges thagpple develop mathematical knowledge through
social and culturalinstitutions (Nasir, Hand & Taylor, 2008)Consequently,
mathematics is not the same everywhere and for everitathematics comes to life
when human beingdo mathematicsWhat people come to know &mbodiedin
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action as individuals manage themselved #neir goals within the environments they
operate in (Cobb & Bowers, 1999).

From a cultural view of mathematics, teaching practieeognizes that culture
matters in mathematics teachiagd learning (Nasir et al., 2008; Sfard REusak,

2005). Teacher classroom practice committed to the cultural view acknowledges that
the requirements of what it means to know mathematics, to be a mathematics learner,
and to be an effective mathematics student in a particular classroom congext var
(Presmeg, 2007). Teaching practice can recognize that mathematics learning and
knowing differ across cultural groups. In addition, it can recognize the diversity in the
studentsé ways of knowing and different
Education, 2007). Consequently, pedagogy can create a range of opportunities so that
all learners have access to mathematical knowledge, irrespective of their cultural and
experiential background (Gutstein, 2003; Gutiérrez, 2002). In this way, classroom
pradice can create classroom environments that support various forms of knowledge
and empower all students to think and reason mathematically (Moschkovich, 2002;
Nasir et al., 2008).

Teaching can highlight the link between mathematics and human values.idéne w
variety of mathematical practices, values, and identities learners bring to the
mathematics classroom can be accommodated and recognized (Sullivan, Mousley &
Zevenbergen, 2004, 2006).la8srooms committed to the cultural view of
mathematics can be vied as sites of local cultural processes. Ttey be regarded

as social spaces that position different kinds of discourse and reasoning as forms of

learning and knowing that have authority (Cobb & Hodge, 2002).

Teaching practice can create conditions a@rmaebridging inschool and oubf-school
mathematical knowledgéCobb & Nasir, 2002; Martin, 2000Moschkovich, 2007;

Nasir et al., 2008 . I nstruction focuses on uncovert

drawing on their backgrounds, experiences and inforsti@tegies or everyday
practices (Carraher, Carraher & Schliemann, 1985; Lave, 1988; Saxe, 1988, 1991). In

addition,t eac her cl assroom pr ac tof-scheol waztitesi nt egr

with academic mathematics practices (Lubienski, 2082Joingthis, instructioncan
highlight the connection between cultural and academic or school mathemhigcs.
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needs to be done without overusing, overemphasising or overvaluing everyday

practices and sacrificing school mathematics.

In a classroom based aroumadcultural view of mathematics, students can get the

t eac her 0 3 addessingssues to cdewith the boundaries between academic
and cultural knowledge that could create barriers for their mathematics learning
(Sullivan, Zevenbergen & Mousley, @8). Students can experience classroom
practices that offer them encouragement and support as they move acrofs out
school cultural contexts and classroom contexts that help to shape and constitute their
mathematics learning (Moschkovich, 2007). They leann to mergehe practices of
out-of-school cultural contexts and mathematics classroom contexts. To do this,
NESB students need to learn to reconcile their past experiences in mathematics
classrooms in their home countries and mathematical practites host countries

New Zealand in this studyWhile doing this, students can come to think that

mathematics is a cultural activity and that mathematical knowledge is cultural.

In mathematics classrooms aligned to the cultural view, teaching practicea uses
discourse approach to mathematics learning that allows consideration of the different
points of view students bring to mathematical discussions (Moschkovich, 2002).
Instructicn pushes forlearning mathematics to occur througbcial interaction,
sharing ideasjoint negotiation of meaning and participation by all members of the
class (Nasir & Hand, 2006lx. can promoteengagement in discussions that transcends
vocabulary acquition to enable students to engage in communicating concepts and
developing mathematical content (Diversity in Mathematics Education, 2007).
Teaching distributes the authority to contribute and to judge mathematical
contributions to all members of the stoom (Yackel & Cobb, 1996).

Instruction should not merely focus on what individual students lack, such as
mathematical language or English language, but on how students draw on multiple
resources to communicate their point of view (Moschkovich, 1999prdier to
accommodate variousays of communicating ideas, teacher classroom practice can

shift between differentommunicationpractices. It can broadethe conception of

competent student participation to accomm
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gestures, objects and their first languages (Moschkovich, 2007; Nasir, 2002). No one

form of participation should be privileged over others.

Students in classrooms aligned to the cultural view of mathematics, can experience
learning mathematics as a cu#ibiactivity. They can bencouragedo use ideas from

their cultural and mathematical background (Civil, 2002; Diversity in Mathematics
Education, 2007; Presmeg, 2007). The resources and knowledge they bring and
utilize in mathematical activities can becognised, valued and legitimizéeg other
students and the teacher (Moschkovich, 2002). So, studantgxperience having

their contributionsvalidated and authorized by members of the classrdonthis

case, students can come to think that matheméaiasot universal; rather it is
negotiated in a cultural context. In additigydents can recognize that mathematics

is associated with human valu&tudents can have the opportunity and support to
broaden their conceptions of mathematics and matherdtmaviedge (Leung,
1995). They have the chance to develop an appreciation of mathematics and

mathematics learning as social and cultural activities.

To sum up, collectively and individually, the product, process and cultural views, the
conception of thenature of mathematics, the view of the nature of mathematics
teaching, and the model of the process of learning mathematics, have different
implications for the ways classroom mathematics teaching and learning is
conceptualised and managed. Put another, lag view of mathematics that is
emphasized in a particular classroom influences the ways mathematics is learned in
that classroom. If a mathematics teacher emphasises content this tends to lead
students to focus on memorising this. If they emphasiseegspstudents might focus

on negotiating and creating their own mathematical knowledge. If they emphasise
culture, students may be disposed to negotiating mathematical knowledge in cultural
contexts. The view of mathematics adopted for this study is edtlin the next

section.
2.2.4 The view of mathematics adopted for this thesis

The view of mathematics adopted for this study is a combination of the process and
cultural views of mathematics, and to a lesser degree the product view. That is,

mathematicss regarded as a dynamic, continually growing field of human creation
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and invention, a cultural product (Erne2010h. The emphasis is also on students
engaging in problem solving, active construction of understanding and negotiation of
meaning, and thieacher as facilitator. In this adopted view, mathematics is a process
of enquiry and coming to know, but not a finished product, since its results are open
to revision. It is viewed as a dynamically organised structure situated in a social and
cultural catext. The product aspects involving mathematical content, facts, symbols
or notation, are not treated as separate entities or product, but an integral part of the
knowledge construction process. On the basis of my understanding from literature, |
considerthe combination of the process and cultural view of mathematics having a
dominant role, and the product view taking a minor one, to be the most appropriate
for my study.

In addition to a diversity of views about the nature of mathematics, there are a
numter of well documented issues to do with the nature of effective mathematics
pedagogy. These are of particular interest in this study given its focus. A selection of
the issues that have particular relevance to this study, based on understanding from

literature, is discussed in the next section.
2.3 Issues associated with mathematics pedagogy

Mathematics education is facing a number of pedagogical issues that are linked with
different views about the nature of mathematics and the diversity amongst stfdents
mathematics. Some of these issues, as evidenced in the latest handbook of research in
mathematics teaching and learnifigester, 2007)include technology, problem
solving, access and equity, assessment, communication, and autonomy. Like Lester, |
consicer the issues around mathematics problem solving, communication, and student

autonomy important and needing addressing.

Contextualised mathematics problems are discussed first because they provide a base
for engaging in communicating about mathematicasdd his discussion is followed
by that of communicating mathematically. Developing student autonomy relies

heavily on studentsdo ability to communi

ca

Following this, in the next section, issues to do with NESBI€uint sd mat hemat

learning are deliberated on.
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2.3.1 The role of contextualized mathematical problems

I n this study, the term 6contextualized pr
mat hemati cal task i s embedcaceétdmeaamarealocont ext
imagined situation (Chapman, 2006; Meyer, Dekker & Quetelle, 2001). Using
contextualised mathematics problems appears justified for this study since the view

of mathematics being adopted stresses the significance of context. Alsemattis
teachers are being encouraged to use fdreal
more meaningful and accessible for all st
2003, p. 107). Although some researchers (e.g. Fraivillig, Murphy & Fuson; 1999

Harvey & Averill, 2013 have found evidence that support the use of contextualised
mathematics problems to support learning, others (e.g. Cooper & Dunne, 1998;

Planas and Gorgorié, 2004) have some reservations. This section deliberates on some

of the pedgogical opportunities and challenges associated with using contextualised

mathematics problems in mathematics learning.
Pedagogical opportunities

Contextualized mathematical problems can play a significant role in mathematics
teaching and learning by medting students to learn mathematics, being a source of
opportunities for mathematical reasoning and thinking, anchoring student
understanding, and illustrating potential applications (Chapmarg; 2abienski,

2007). A context, embedded in @ontextualized problem can lure students into a

problem situation, arouse their curiosity and interest, and may compel them to
explore the mathematics that is necessary to answer the challengesHmsey &

Averill, 2012; Meyer et al., 2001). Verschaffé2002) described the goal for using
contextualised problems as fAto bring reald.
occasions for learning and practising the different aspects of applied problem solving,
without the practicadtt ¢ orctoamvte nwietnlt eshe fr a
(p. 64). Contextualized problems can help reduce or eliminate the abstraction or
complexity often connected with mathematics (Boaler, 1993, 1998; Sierpinska,

1995). The embedding of mathematics in a context malenthe task seem more

realistic to students and provide vital information to make the task more

understandable to the students (van den HeRsrhuizen, 2005). Contextualised
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mat hemati cs problems can enhance the dAtra
demonstration of the links between school mathematics examples and real world
probl emso (Boaler, 1994, p. 552). They all
life. Those problems where all learners feel represented (Cooper & Dunne, 1998,

2000; Planask Gorgori6, 2004; Sullivan et al., 2003) can make the learning of

mathematics become more meaningful to them.

Along with motivating students, a contextualized problem can act as a source of
opportunities for discussions, mathematical reasoning and tginkinbienski, 2000;

Sullivan et al., 2003). Contexts create learning environments where students can

come to grips with the basic mathematical ideas by interrogating their own reasoning
(Gravemeijer & Door man, 1999) ed protiems, 6r eal 6
offer occasiondor students to become creative, crittodihded, and socially and

culturally aware (Chapman, 2006; Dapueto & Parenti, 1999). In addition to making it
possible for students to construct an understanding of important matheitesiss
contextualised mathematics problems create opportunities for students to develop
positive attitudes towards the subject and themselves as mathematics thinkers (Boaler

& Greeno, 2000; Cobb, Gresalfi & Hodge, 2009). In a study of a group of middle

school students, in USA, Turner, Gutiérrez and Sutton (2011), concluded that
contextualised mathematics problems allow for collective problem solving, thereby
creating opportunities for vasolvirguotes, ist ude.]
including  canmunicating  mathematical thinking, connecting  multiple

representations, and justifying solution s

Contextualized problems <can anchor t he st
offering openingsfor students to collaborate and engagereflective thinking

(Sullivan et al., 2003). The context in a contextualized problem can provide
individuals with a model to help them understand and remember the new
mathematics they will have acquired (Meyer, et al., 2001). Sometimes contextualized

pr obl ems il lustrate potenti al applications
2002; Lave, 1996; Saxe, 1991; Sullivan, Zevenbergen & Mousley, 2002). Hence,

these problems can facilitatiee learning of mathematics in ways that transcend the
boundaries(Lave, 1996; Nasir et al., 2008) that are generally found between the

mathematics classroom and the real world. Students are able to see how mathematics
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is generated from contexts, and applied to problems in their own lives. They have the
chance to percee mathematics as socially negotiable in context, rather than a remote
body of knowledge (Koirala, 1999).

In New Zealand a study of eight pairs of students aged 11 and 12 (Irwin, 2001) found
that students who worked on contextualized problems nsagi@ficantly more
progress in their knowledge of decimals than those who worked coambextual
problems. In addition, Irwin found thatontextualized problems created an
environment where students could use (to their benefitplsthool, cultural, or
histarical experience (or knowledge) rather than formal mathematics, to solve the
problem. In spite of the learning opportunities that can be created from using

contextualized mathematical problems, certain pedagogical challenges can also arise.
Pedagogical chllenges

The challenges related to using contextualized mathematical problems include

| earnerso6 |l ack of familiarity with the

language used in the problem and, the boundaries between the everyday or cultural
knowledge embedded in the problem and academic or school mathematics (Civil,

2002). Other challenges involve creating and selecting relevant contextualized

problems and the ambiguity of some contextualized problems (Boaler, 1993). These
instructional cha#nges can occur separately or in different combinations.

The social and cultural aspects of contextualized problems can create challenges

cor

related to | earnersdé | ack of familiarity w

Planas & Gorgorié, 2004)Jnder some circumstances learners fail to interpret or
understand the problem, and it becomes a challenge for them. Instructional challenges
can also arise when learners have difficulties understanding the language used in a
contextualized mathematical fdlem Campbell, Adams & Davis, 2007This extra

bur den t o student so mat hemati cs l ear ni
Reconciling everyday or cultural knowledge in a contextualized problems and
academic mathematics can be hard for some learness @aal., 2008). When this
happens, using a contextualized problem gives rise to an instructional challenge.
Finding appropriate contextualized problems can be a challenge for teachers. A study
of students in USA (Lubienski, 2007) showed that the sam&xtmalized problem
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satisfied the learning needs of some students but not others. In a United Kingdom
study of 1114 year olds, Cooper and Dunne (2000) found that students working on
contextualised problems in assessment used their knowledge of familiaxts in

ways that were not intended by the question. So, the use of contextualised
mathematics problems disadvantaged some students. Similarly, unclear or vague
contextualized problems can bring about a challenge when learners misunderstand the
problem or encounter other issues related to an ambiguous task. Boaler (1993)
contends that wrong choice of contextualised problems can lead learners to confusion

and may significantly disadvantage some students.

Although the issues around the use of contextualized mathematical problems are
important and worth discussing, a related and equally significant pedagogical issue is
that of communicating mathematicallyhis matter is deliberated on in the next

section.
2.3.2 Communicating mathematically

The issues around communicating mathematically include what it means to be able to
communicate mathematically, why it is important and implications for classroom
practice. The term communicating mathematically is beiegl irs this thesis to mean
using mathematical language and representations to formulate and express
mathematical ideas in written, oral and diagrammatic form in a way that is acceptable
to the wider mathematical community (Gould, 2008 ommunicating
mathenatically involves more than having the ability to apply mathematical
conventions and |linguistic formulations a
mathematics at a deeper level (i.e. internalization) and coming to think
mat hemati cal | y ds, 2084h p. &t Eom&uniddtong wmadthematically
comprisesa particular type of discourse or talk and register (Pimm, 1987). It has
specific language functions that are relevant to mathematics. Depending on the
context, the meanings that emerge in discoursaraultiple, changing, situated, and
determined socially and culturally (Cobb, Wood & Yackel, 1993). Communicating
mathematically and doing mathematics are inseparable. Both involve acting, as well

as using tools, symbols and objects.
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Research thatresgs student participation in classroom mathematical activity tends

to focus on and highlight the importance of communicating mathematically (Lampert

& Cobb, 2003).In their study, Cobb et al. (1993), for example, found that with the

guidance of the teachestudents developed abilities that enabled them to engage in

genuine mathematical communication, both in smedup and wholelass

discussions. The study suggested that ability to communicate mathematically enabled

these students to contribute effectiveh the negotiation of mathematical meaning

and better understanding of the mathematics involved. In a separate Fiutgn

(1996) compared students working individually with those who worked cooperatively

on the same level mathematics problems in middhool classrooms, in U.S.A. She

concluded that students participated in mathematical discourse in increasingly
substantial ways as they began to fiunder st
are shared by mat hemat i t986, titgd inl Lamhperr&t e adu
Cobb, 2003, p. 239)This finding also illustrated the significance of being able to
communi cate mathematically. Both Cobb and
demonstrated the importance of initiating students into ways of coratiom used

by mathematically |l iterate experts. These
and other researcherso findings who, thro
communication creates additional opportunities for students to learn ghoreex

mathematics.

In a classroom that values and is committed to communicating mathematically,

i nstruction can encour age and support d
communicate mathematically (NCTM, 2000). It can promote communication as a

vehicle for creating mathematical meaning as a means and an end in learning
mathematics (Huang, Normandia & Greer, 2005). Classroom teacher practice can
develop |l earnersdé6 ability to communicate
clearly to their classmates @rthe teacher through taking a more active role in
classroom mathematical activities (Dixon, Egendoerfer & Clements, 2009; Forman,
McCormick & Donato, 1998). To a large extent, instruction can advocate
mathematics learning as a communicative processdkes tplace in social contexts

(Cobb, Yackel & Wood, 1992; Forman 2003). In this classroom teaching can

encourageparticipation in mathematical activity and assist students as they make
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attempts to communicate i n waysalktamdat i mat
acto (Moschkovich, 2002, p. 199).

Teacher classroom practice can create opportunities for students to develop academic
language proficiency needed for cognitively demanding mathematical tasks
(Campbell et al., 2007). It can facilitate knowledge development of both the discourse

and the reigter of the subject. The language of mathematics can be specifically

taught and developed over a period of time (Cummins, 1991; Khisty & Morales,
2004).In this classroomthe teacher can encourage students to use the language of
mathematics when sharingathematical thinking (White, 2003; Kazemi & Stipek,

2001). Teacher classroom practice can structure communication patterns in ways that
encourage students émgage with mathematics in ways that facilitate development of
student s6 abi | daltlapguag®e apprapreateiyas d thirkingatdoli and

for communicating ideasPedagogy can promote utilization of mathematical

language in spoken and written discourse for academic functions such as analyzing,
explaining, justifying, presenting argumentsdaavaluating mathematical content

ideas and processes (NCTM, 2000, 2007; Solomon & Rhodes, 1985 t eacher 6 s
own tal k, or what Khi sty and Chval (2002)
discourse in the context of mathematics, can play a significdatof modelling

mathematical communicatiorin addition to this,the teacher can revoice student
responses using more technical or mat hema
pedagogic discourse can affect the process by which students could dindtop

control of the discourse of mathematics.

Pedagogy committed to communicating mathematically recognizes how some
students use aspects of competent mathematical communication that go beyond the
vocabulary list byencouraghg them to use multiple regoces such as gestures,

objects and everyday experiences to communicate their thinking (Moschkovich,

2007). In additionteaching recognizes that failure to communicate mathematically

does not necessarily indicatengRahdreant so | ¢
studentds current mathematical under st andi
prevent that student from communicating mathematical thinking or can constrain the

types of mathematical communication they can engag&an.instruction aa help
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students manage language demands that may constrain their ability to communicate

their mathematical ideas.

Pedagogy can create conditions that facilitate sgralip and whokelass
discussions (Cobb et al.,, 1993; Kazemi & Stipek, 2001; Tatsis &z&p 2008).
Discussions can offer students opportunities both to learn mathematical language
from others and to prasé communicating mathematicalis they contribute ideas

and provide reasons, explanations and justifications,Atth¢ny & Walshaw, 2009;
Moschkovich, 1999)Classroom practice can afford learners opportunities to engage
in extended classroom interactions that can allow them to experience mathematical
communication through using it and hearing from their peers and the tdewher
mathematical discourse, especially academic language in mathematics, is used
(Khisty & Morales, 2004)While doing this, students can have the opportunity to
organize and consolidate their mathematical thinking through communication with
other membersof the classroom community. Theg a n debat e each
mathematical thinking. In the process, they could refine both their understanding and
their ability to communicate mathematically. Students can learn mathematics as they
make attempts to communicatethematically (Cobb et al., 2001; Lubienski, 2000).

At the same timef he t eacher can assess studentsbo
identify gaps in their understanding and offer appropriate support, in part, through
student s6 c¢ommu n ihts @McKenzie, 2@01)In additeom, studénts o u g
can get socialized to accept new norms of interaction, and learn new meanings of
mathematical words and symbols, as they work collaboratively on mathematical
problems. They can manifest their mathematical knogédny exhibiting their ability

to communicate in ways shared by the wider mathematical community (Yackel &
Cobb, 1996).

In this type of classroom, students not only can they develop the ability to
communicate mathematically they can take charge of tlmeutise of mathematics.
In addition, students may recognize that learning mathematics and communicating

mathematically are reflexively related.
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Many mathematics educators acknowledge the close relationship between
encouraging students to communicate matterally and using classroom

questioning as one of the main teaching strategies.

Classroom questioning

Questioning is an important teaching strategy for creating a classroom environment

t hat i's conducive to the develgogBumg nt o f
1985; van Zee, Iwasyk, Kurose, Simpson, & Wild, 2001). The tprastionis used

to describe fiany request for a response f
the response is expected in a relatively short period of time, typically only a few
secondso (Speer, Smit h, & Horvathgan2010, f
stimul ate studentsd devel opment of mat hemze
posing classroom questions (Kazemi, 1998; Knuth & Peressini, 2001; Martino &

Maher, 1999; Piccolo, Harbaugh, Carter, Capraro, & Capraro, 2008).

Teacher questioning

Teader questioning is an important aspect of teaching and classroom conversations

(Chin, 2006).It can assist students construct conceptual knowledge (Franke, Webb,

Chan, Ing, Freund & Battey, 2009; Harrop & Swinson, 2G03)d pr omot e st ud
understandingof mathematical ideas (Harrop & Swinson, 2003; Sahin & Kulm,

2008). The teacher contributes to the process of student conceptual change and
extension of student i1ideas through asking
and extensi ordidea (Mardno &nlblahdr,d999, p.54).

Teacher questioning can be used to initiate discussion, elicit student thinking and
encourage students to elaborate on their answers and lidsapports students in

making their thinking public, as they try tetdil their strategies for solving particular

mat hemati cs probl ems or connect with thei
Chan, Ing, Freund & Battey, 2009)eacher questioningan engage and challenge
studentsodé thinking t Hyrtheividehs (MCIM,i1990)Thest udent ¢
t e a c buestiahiag also has a number of other functions; for example, to review

material and diagnose student ideas (Chin, 200%&erves to uncover reasons for

errors students make and the underlying misconceptidnshwan lead to these.
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Through skil ful and timely questioning of
estimate a studentodos | evel of under standi
generalization on the part of the student (Martino & Maher, 199@acher

questioning is intended to guide student thinking, to test knowledge of facts and to

provide feedback to the teacher about student understanding of the material being
discussed (van Zee & Minstrell, 1997; Chin, 2007).

In a study of teacher gsoning during a class discussion about measurement, in

USA, van Zee and Minstreldl (1997) concl ude
effectively to help students clarify their contributions, consider various view points,

and monitor their own thking. van Zee and Minstrell (1997) used the teeftective

tossto refer to a situation where the teacher throws the responsibility for thinking

back to a student by posing a question in response to a student contribution. A
reflective toss consists die sequence, student statement, teacher question, additional

student statement (Chin, 2006). So, teacher questions are formulated in a way that
highlights important mathematical ideas (Franke et al.,, 2008), and shifts
responsibility and authority for judggy answers from the teacher to all students (van

Zee & Minstrell, 1997; Chin, 2007). Questioning should be flexible, giving room for

the teacher to adjust his/her questions to accommodate student contributions (Chin,

2006). The teacher needs to ask folop questi ons f ol l owing on
response or explanation. Such follow up qu
(Franke et al., 2009).

Prompting and probing questions

Prompting questions nudge students to publicly speak their trsoyginighileri,

2006) . They are intended to figain insight
aut onomy, and underpinning the mathematic
43). Prompting questions are valuable only if the teacher is responsivalte stt s 0

intentions rather than his or her own.

Probing questions are intended to explore what students think about the topic being
discussed (Dillon, 1988; Graesser & Person, 1994), guide towards specific

understandings (van Zee Minstrell, 1997), elicit discussion, or check on progress
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(Gall, 1984; Mehan, 1985). They have instructional purposes which include
extending studentsbo knowl edge, encour agin
promoting deeper mathematical thinking (Sald&inKulm, 2008). They ask for

clarification, justification, or explanation. Probing questions ask students to apply

prior knowledge to a current problem or idea, and ask students to justify their ideas.

In a USA study involving elementary mathemattgssrooms, Franke et al. (2008)

found that teacher questioning involving asking a sequence of probing questions
Afrequently helped students provide a com
explanation that was not c aoees eof cptobing r comp
guestions were found to benefit all participants in the class. They enabled the teacher

to fully understand studentsdé | evel of thi
decisions. In addition, they helped students being questionedrity,céolidify, and

correct their thinking. Furthermore, probing sequences of specific questions gave
opportunity to other students, in class, to connect their own thinking with what was

being said, potentially enabling them to correct their misconception

Student questioning

AStudents have questionso (Piccol o, Har bat
381). Many students, however, lack the ability to effectively pose questions without

explicit instruction in posing questions (Martinello, 1998)nt& research (e.g. King,

1994; Lampert, 1990; van Zee, lwasyk, Kurose, Simpson, & Wild, 2001) has shown

that when students are taught and encouraged to generate questions, their
comprehension of material improves, they make links between thoughts in the

content of the lesson and connect those links to their prior knowledge. Piccolo and his

team report research that found that students who posed questions, in classroom
interactions, were more flexible with the content and demonstrated greater

understandingfahe ideas being discussed.

The use of questioning as one of the main teaching strategies in this study, required
that both the students and the teacher pose questions that support student learning.
The teacher would need to pose prompting and prohiegtipns that diagnose and

extend student thinking questions that elicit student ideas and encourage them to
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explain and justify their contributions. Students would need to learn to formulate and
pose their own questions in ways that could assist thdeato mathematics. When
questioning is one of the key teaching strategies, the teacher needs to make important

decisions about how long to wait for student responses.

Wait time

One of the important teaching strategies closely related to questioniregtiine
(Marzano, 1993). It is regarded by many educators as an effective teaching strategy
(Speer et al., 2010). The temrait timewas first defined by Rowe (1974) as pausing

for a few seconds after asking students a question and before expecting thee t

an answer. Some studies (e.g. Rowe, 1974, 1986; Tobin, 1987) have shown that with
longer wait time (3 to 5 seconds) students become more engaged, make richer, more
productive responses that lead to better quality classroom discussions, the teacher
formulates more higher level questions, talks less but asks more probing questions.
Other significant effects of extended wait time noted by Rowe and Tobin, and based
on their separate studies, are that teacher interruptions to student discussions become
less, there is an increase in student active participation, higher cognitive learning is
more likely to occur, and both the students and the teacher have the opportunity to
think and process their ideas before articulating them.

In a study involving sciemc students in Australia, Tobin (1987) found that longer
wait time can facilitate higher cognitive learning across elementary, middle and high
school science. In another study of ten mathematics classes, also in Australia, (Tobin,
1986) found that longer watime (3 to 5 seconds), in whole class settings was
associated with higher achievement in mathematics and better quality classroom
discussions. Wait time provided students the opportunity to cognitively process orally
presented information before makiiigublic. Students used wait time to think and
process their ideas. They were more able and willing to respond to teacher
solicitations and provided more detailed responses. The teacher asked more
appropriate, probing questions that gave rise to additmpaortunities for students

to verbally participate.
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So, with longer wait time in this study, the quality of classroom discussions is likely

to i mprove and NESB studentsd mathematics
the opportunity to cognitively rpcess their ideas before articulating them to the

whole class. Furthermore, the teacher may be inclined to probe for additional student
contributions (e.g. explanations and clarifications), NESB student contributions may

increase, and the quality of trealning environment may improve.

A number of mathematics educators are, however, of the view that communicating
mathematically is associated with another major issue in mathematics education, that

of autonomy in mathematics. This issue is deliberatetkeah
2.3.3 Developing student autonomy in mathematics

Developing student autonomy in mathematics is an issue in education in general
because a goal of education in the last 30 years or so has been to enable students to
become independent learners (Dadkgmmond, 2000; Warfield, Wood & Lehman,

2005). This isue is particularlypertinentfor mathematis education at the moment

when the goal is to enable students to think creatively and flexibly about
mathematical concepts and solve mathematics problems with understanding (NCTM,

1989, 2000). Autonomy can be des i b e d alilisy tofimakeedecisions for

onesel f, about right and wrong in theé [ st
the intellectual realm, by taking relevant factors into account, independently of
reward and puni s h me rKanii, 2008, ip.a4§)eThis defnitich ci t ed
highlights the capability to engage in independent social and intellectual decision

maki ng. This notion of autonomy is analog
O0s€elbhtrol 6 in his progr eisTshiev ei dveiaelw awhm cohf
creation of power of sef ont r ol 0 ( p and Bahlperg(1988 definee s
autonomy more concisely as Athe capacity t

(p. 32). What is significant in this definition is its emphasis on the ability tergéa

original rules, rather than rely on prescribed ones. Deci (1995) describes autonomy as
ARacting volitionally with a sense of choic
accordance with oneos i nterests asd val u

definition is the significance of choice. Choice, in a broad sense of the term, is a key
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aspect of autonomy. To describe the notion of autonomy Greeno (2007) and other
researchers used the term conceptual agency. According to these researchers
conceptuahgency involves selectingethods and developing meanings and relations
between various concepts and principles (Gresalflabb, 2006). This is in contrast

to the term disciplinary agency, also used by Greeno, which is concerned with
applying established methods. With conceptual agency, the emphasis is on making
decisions, exploring, strategizing, choosing methods, and &simgicand developing

meanings and relations of concepts and principles (Gresalfi & William, 2009).

What is significant is that all these descriptions are consistent amongst themselves,

and with Yackel and Cobb (1996) who define autonomy with respect to an

i ndividual 6s participation in <classroom
compatible with Cobb (1999) who describes autonomy in mathematics as being
Asynonymous with the gradual movement fro
classroom adctities to more substantial participation, in which students rely on their

own judgments rather than those of the t
autonomy in mathematics should, therefore, be treated as an attribute of an

i ndividual 6spavtaiyngofi npaatgrcoup, rat her t ha

actions.

To develop student autonomy in mathematics, teaching practice needs to create
situations in which students engage in exploring mathematical ideas, making
conjectures around those ideas, and justifying their mathematical thinking (Warfield
et al., 2005). Tis involves students reflecting on their mathematical situations and
communicating their thinking with others (Hiebert, Carpenter, Fennema, Fuson,

Wearne, Murray, Olivier & Human, 1997).

In a classroom committed to autonomy in mathematics, pedagogy oarotpr
making independent social and intellectual decisions. Instruction can create
conditions that facilitate both social and intellectual autonomy (Dixon et al., 2009;
Yackel & Cobb, 1996). It can support learners become socially autonomous through
contiibuting to the negotiation of classroom expectations and obligations (Kamii,
2004; Cobb et al., 1993; Gresalfi & Williams, 2009). Classroom activities can occur

in a social context that provides an environment encouraging students to engage in
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cooperativeinteractions with other students and the teacher (Kamii, Clark &
Domini ck, 1994). Teaching can create cl as:
cooperationo (Carter, 2004, p.3) and refr.
encouraging studentso tbe active participants in classroom activities, teacher
classroom practice can position them to be accountable for their behaviour and to take
ownership of their learning. Teaching can emphasizecselfrol. In addition, it can

support students to dewg selfconfidence required for participating autonomously

in mathematical activity (Gresalfi & Williams, 2009). Teacher classroom practice can

provide oppaunities for students to practisgoverning their ownbehavioursby

taking relevant factors into esunt when deciding what is, or is not, acceptable

(Dewey, 1938; DeVries, 1997; Kamii, 2004). In this classroom, students can decide
whento make a contribution andhat constitutes an acceptable contribution or

behaviour. The prevailing social factors carf f e c t Ahow a noviceods
becomes less dependent upatherregulation (regulation by others) and becomes

moresefr egul at ed over timeodo (Forman, 2003, p.

Pedagogy needs to encourage making personal mathematical decisions or judgments
(Moschkovich, 2007; Nasir & Hand, 2006). In addition to encouraging intellectual
decision making, instruction needs to encourage the devolution of responsibility to
judge mathematical contributions (Yackel & Cobb, 1996). Students can contribute to
this devoltdion by increasingly getting involved in making mathematical judgments.
Gradually, both the teacher and students can have the authority to validate
mathematical knowledge. Through exchanging viewpoints with others, students can
construct certain beliefs drvalues (Cobb et al., 2001; Kamii et al., 1994) that can
enable them to form personal judgments. In the course of tegotied classroom
interactions, students can praetdrawing on their own intellectual capabilities and
consider all relevant factoksefore making mathematical decisions and judgments in
mathematical activities. Ownership and empowerment could be fostestddents

as they make decisions about what can be meaningful to them (Dixon et al., 2009; Lo,
Wheatley & Smith 1994). In turn,dents can develop the ability to participate as

increasingly autonomous in mathematical activity.

When classroom practice emphasizes autonomy, mathematics teaching needs to aim

to produce students whose understanding and abilities in the subject catinotdal
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to skillful performance of prescribed steps, but transcend following acquired or
established skills, rules and procedures (Gresalfi & Williams, 2009). Instruction
should promote the capacity to create rules and methods for solving tasks anproble
and not to rely on established formulae, rules or procedures (Boaler, 1998; Greeno,
2006; Kazemi & Stipek, 2001). In addition, teacher classroom practice should allow
students freedom to choose or use their own approaches to problems and develop
meaning and relationships between concepts (McClain & Cobb, 2001). In this
classroom, students can experience creating or negotiating or choosing rules,
strategies or solution methods for themselves to use in specific classroom situations.
They should have aess, mandate, and ability to use, adapt, and combine available
resources in unusual ways (Greeno, 2007) .
choices they can make in which conceptual resources can be evaluated, appropriated

and modified for the purpose tifeir current activity.

In a mathematics classroom committed to autonomy in mathematics, pedagogy needs
to promote reliance on own thinking and intellectual reasoning (Dixon et al., 2009;
Greeno, 2006; Lo et al., 1994). Teacher classroom practice cporssgpudents to

attain higher levels of reasoning. At the same time, it can discourage them from
relying on the authority of the teacher or text book for source of information and
decisions on legitimacy of mathematical actions (Kamii, 2004). Instruogeads to

create opportunities that press students to exchange viewpoints or mathematical
thinking with other members of the class. In this classroom, students can learn to
debate, think critically, and evaluate mathematical contributions (Kamii et a#f; 199
Yackel & Cobb, 1996).

Commitment to the development of intellectual autonomy in mathematics requires
that teacher classroom practice promote conceptual agency (Greeno, 2007). In this
classroom students should have the opportunity to develop and exevoiseptual

rather than disciplinary agency. With this ability, students can become active
participants who can act autonomously. They can be able to operate with conceptual
agency in mathematical activity (Gresalfi et al. 2006). The teacher needsat® cre
opportunities for students to develop the ability to act authoritatively and accountably
in mathematical activity (Greeno, 2006). Students can be accountable for their

thinking, explanations, reasons, etc. They can have the opportunity tosgracti
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autloritative and accountable actions that utilize and conform to the general concepts

and principles of mathematics. Student so k
by the extent to which they can be capable of authorship, evaluation, and
modification of ©ncepts, methods, and resources of the reafinmathematics

(Greeno, 2007).

When pedagogy emphasizes development of student autonomy, students can, in the
course of classroom interactions, construct specifically mathematical beliefs and
values that can enable them to operate effectively in mathematical activity (Cobb et
al., 2001) In this classroom, the ways students are positioned relative to other
members of the classroom, and to the mathematical content they engage in, can in
part determine whether or not they can become autonomous in mathematics (Gresalfi
et al., 2006).

Theissues discussed so far affect every mathematics student, but my major concern

in this study is NESB sPawng spactalsatentiomatb h e mat i
matters surrounding NESB s andlevartSe,Ghel ear ni r
next sectionlooks, specifically and in more detail, at issues concerning NESB

mathematics students.
2.4 | ssues to do with NESB students® mat he

| ssues affecting NESB studentsd6 mat hemati c
time now (e.g. Adler, 199% oschkovich, 2002; Sullivan et al., 2003). Many of these

i ssues are ongoing and continue to influe
Among these issues are academic culture and language (Andrade, 2006; Lewthwaite,

1996). These two issues are of parar concern to this thesis because they have

been found by other researchers (e.g. Gorgorié & Planas, 2001) to be key factors in

mat hematics | earning, but al so create ob:c
learning (Campbell et al., 2007; McNeal & Sim@000) thefocus of this study.

2.4.1 Academic culture

The term academic culture is used, i n thi
patterns of b e Bimonj2000,rp0477) adsodiated With iRe activities

of learning and classroom life. Academic culture includes ways of perceiving, acting
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on, interpreting, evaluating and defining problems, objects, actions and events, in a
learning environment. In additio it incorporates ways of defining and assessing
justifications and explanations involved in the learning process. Underlying an
academic culture are the perceived ways in which mathematical knowledge can be
gained (Meaney, 2002). Participants in an asadeculture require knowledge of
what constitutes acceptable participation for that group. They need to have an
understanding of their roles, obligations and expectations. Two broadly defined
academic cultures can be identified: Western andwestern. Tie term western
countries is used, in this research, to refer to Aiggwon countries, namely,
Australia, Canada, New Zealand, United Kingdom and USA. These countries have a
lot to share in tersof cultural values. All other countries are referred tonas

western.

Academic cultures in some novestern (e.g. Asian) and western mathematics
classrooms can be categorized in terms of the following dichotomies: product
oriented or process oriented; an emphasize on rote learning or an emphasize on
meaningful learning; authoritarian or employs studeehtred learning; utilizes
extrinsic motivation or applies intrinsic motivation; uses wkadess exposition
teaching or encourages sharing ideas and negotiating meaning (Leung, 2001). These
dichotomies portrayhie extreme situation# reality individual classroom academic
cultures lie on a continuum. The position on the continuum divides academic cultures

into either noAvestern or western.

An academic culture that is product oriented emphasizes content (\2@02). In
contrast, a process oriented academic culture is aligned with the process view of
mathematics and stresses the process nature of gaining mathematical knowledge. An
academic culture can highlight committing information to memory without
understading. Alternatively, it can stress learning with understanding, before
committing to memory (Leung, 2001). An academic culture can place authority,
related to knowledge and patterns of behaviour concerned with the activities of
learning in the classroomnahe teacher. In contrast, authority can be shared by all
students and the teacher, and studentred learning is valued and used. An

academic culture can endorse and utilize extrinsic motivation (need for high academic

achievement, need to satisfy pate s 6 or teacher 6s expectat |
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examination performance) or it can promote student interest in learning the subject
(Gao & Watkins, 2002). Some academic cultures attach importance to exposition of
knowledge to the wholelass while others Wae sharing and negotiation of meaning.

These and other characteristics of an academic culture have significant implications

for classroom practice involving NESB students.
Implications for classroom practice

In mathematics classrooms with NESB studeokassroom practice needs to help
learners manage the differences betweenwestern and western academic cultures.
Pedagogy needs to attend to any academic culture clash (Bishop, 2002; Seah, 2002)
that might arise due to the differences that exist betwleemcademic cultures. The

term academic culture clash is being used to refer to a situation in which the teacher
and NESB students can differ significantly in their views of mathematics or
mathematical knowledge and the ways the subject should be le@icdtkal &

Si mon, 2000) . It occurs when the teacher
students from nomvestern academic cultures may have come to anticipate in a
mathematics class, to the extent that there could be a lack of shared basis for
meanirgful interactions, understanding and communication between the teacher and
the students (Campbell et al., 2007).

When NESB students are involved, teaching can turn academic culture clash into an
educational symbiosis by utilizing the strengths they btinghe class (McNeal &

Simon, 2000)Classroom practiceannot treat NESB students as deficient. Instead,
pedagogy can focus on uncovering students?o
them (Moschkovich, 2007) . As JinlUBA s (200
suggested, students6é communication skills

become strengths in classroom mathematical communities.

Instruction can help students to transition from a-western academic culture to a
western one (FitaBions, 2002). It can support students who can be acculturated to a
nonwestern classroom practice (McNeal & Simon, 2000), as they make attempts to

fit in a western academic culture. It can treat the situation NESB students can be in as

a significant cultua | i ssue involving fAthe cultural

knowl edge and the means of medi tating the
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Simultaneously, instruction can manage a culturally evolved system (with symbols

and artefacts) as well as cuklilly held ideas that structure classroom actions and
interactions (Nasir, 2006) in a western academic culture. Teaching practice can
recognize that these students cannot belong to a homogenous group, even those
students coming from the same country (Leu§01). So, instruction can
accommodate | earnersdé different experienc:
values of bilingualism and academic cultures that can shape who they can be (Jilk,

2009).

Classroom practice can promote knowledge and pattetrshafviour associated with

learning mathematics in a classroom environment that is consistent with the process

and cultural nature of mathematics rather than the product. Teaching can promote the
process of gaining mathematical knowledge (Fraivillig, MyrghFuson, 1999), and

downplay acquisition of the subject matter (Kazemi, 1998; Leung, 2001). In addition,

it can encourage learning mathematics by doing and construction of knowledge.
Pedagogy can encour age | earners t o neng
participating actively in a discourse comm
conditions that promote dialogic classroom communication with emphasis on
communicating mathematics ideas (Holmes, 2004). In addition to this, teaching can
promote meanigful and enjoyable learning but discourage memorizing without
meaningful understanding (Wong, 2002). It can advocate mathematical conceptual
understanding (Kazemi & Stipek, 2001), before committing to memory, if ever there

can be need to commit anything.

Instruction can promote studerdgntred learning rather than place importance on the

authority of the teacher (Wong, 2002). Teaching cannot largely be authoritarian. It

can regard teachers not as experts or scholars, but facilitators of learning
(Moschkovid, 2007). Instruction can encourage substantial communication among
students, in smafjroups or wholelass discussion (Gallos, 2006). In addition,

instruction carencourage learners to offer and explain their mathematical ideas and

to justify their answrs or solutions, (Cobb et al., 200Pedagogy can stress and
support el aboration of onedbs thinking and
arguments to take place (White, 2003eaching can encourage students to be

constructivecr i t i ¢c s o f ideasa whio lisiert to eothey snembers of the
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classroom community, and identify amthallengewhat they can either agree or

disagree with (Gresalfi & Williams, 2009}t can encourage diverse and creative
contributions and endeavotog make this the norm farlassroom activityAuthority

to contribute knowledge and judge it can be shared among all the members of the
classroom community. Teaching can encourage taking ownership of own learning. At

the same time, teaching can use intrinsic motivation insteagtiisgc motivation.

It can make attempts to arouse | earnerso
however, not employ external push such as fear of poor examination performance or

societybés cultural expectations (Leung, 19

Teachinginvolving NESB students cannot be dominated by teacher expositions and
extensive teachatirected explaining and questioning in laig@up settings (Gallos,

2006).It cannot provide explicit solution methods and rules. Neithentahematics

concepts beneticulously transmitted by the teacher. Instead, content can be treated as

a set of ideas to be interrogated by all members of the classroom community. So,
teaching practice can promote discourse practicesit er pr et i ng each ot
and contribtions, and joint negotiation of mathematical meaning (Fraivillig et al.,

1999; Kazemi & Stipek, 2001; Moschkovich, 2002; Nasir, 2002).

In mathematics classrooms committed to the western academic culture, NESB
students can experience learning mathematicsa ibroadly constructed western
classroom contextStudents can experience learning mathematics in classrooms
where ideas and the knowledge they can bring to class can be recognized, valued,
used and sometimes questioned (Jilk, 200Bgy can learn matherties as a process
involving joint construction of mathematical knowledge. So, they could think that

mathematical knowledge is a social construction that involves a process.

NESB students can learn mathematics meaningfully, without the pressure to commit
information to memory. Students can be positioned conceptually relative to
mathematics and its learning through the ways in which content can be organized to
enabl e Mmpaomatheméti cal insights and wunder st
2009, p. 313). These students can experience a relatively unrestricted conception of
mathematics that can affect their general strategy for mathematical problem solving

(Wong, 2006). They emot practice specific mathematical procedures before gaining
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the deep meaning attached to the concepts involved (Leung, ZD&i3equently,
they can recognize that mathematics can be learned with understanding and without

memorizing.

When mathematics struction is aligned to a western academic culture, NESB
students can be subjected learnercentred learning and can exercise authority.
Students can learn mathematics in classrooms where direct, explicit and authoritative
moves (generally from the teasf (Leung, 1995) can be avoided. Instethéy can
engage in solving tasks, either individually or in small groups. In addition to this,
they can be exposed to qualitatively different mathematical experiences that can
stimulate them to think and offer ide These students can participate in various
ways and use their own different solution methods to solve probBoadef, 1998;

Cobb et al., 2001; White, 20D3As they work in groups, students cannot rely on and
insist upon the authority of the teachdballos, 2006).Rather, students can
experience and exercise shared authdfdgbb, Gresalfi & Hodge, 20095reeno,
2009. They can be positioned to consume, create and judgenmevematical
knowledge Gresalfi & Williams, 2009{ubienski, 2002White, 2®M3). Through this,
NESB students can appreciditat they can take charge of their own learning as well

as share authority with other members of the classroom.

Students can have opportunities to learn mathematics out of interest for the subject.
This coul lead them to think that mathematics can be learned, not just for academic
achievement, but for personal satisfaction or interest. Apart from this, NESB students

can learn in the context of sharing and negotiating mathematical meaning rather than
direct xposition or transmission of mathematical knowledge. So, they can experience
being active rather than passive participasx pl or i ng each ot her s
ot her séo i deas, a nstudene mtgracgon r(Moschkaovich,s11999,d e n t
White, 2003. Consequently, students could recognize that mathematical knowledge

belongs to everyone and, it can be shared or negotiated.

It is, however,useful to mention thafrends in International Mathematics and
Science Study (TIMSS) research reports suggesttyipically, NESB students from
some Asian countries outperform Western students in mathematics and can score

high marks in international mathematics tedtsung, 2002 2005) These reports
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indicate mathematics success of fWesterncompared toWestern studentsSo,
some people magrgue thatontinuing to teach such students in the style to which
they have been accustomed may suit their mathematics learning habitsizatain

the quality oftheir learning.Given this it is also important to rie that during my
long career teaching NESB studemtsmthematicsl found that students strugghdth
application problems. Being able to applgnceptsin reatlife contexts has been
problematic formany ofmy NESBstudents. Yet, in their degree studies,example,

in Engineering there are lots of application problems.tlde study developed from
my hypothesis thatontinuing to teach NESB studentsthe style theyare used to
might notbe oflong termbenefit to them.

In addition to concerns assatgéd with academic culture, certain issues around
| anguage affect NESB s t(kitzbenons,2002; Meandy,e mat i c

2002), and foNESB students, in particular. Some of these issues are discussed next.
2.4.2 Language

Language is a crucial learning resource in the mathematics classroom as it influences
how students learn mathematics, and ultimateligat they learn (Moschkovich,
2002). It is used to both explore and display mathematical knowledge. It enables the
developnent of successful participation in mathematics actithyough shared
meanings and understandings among members of the classroom community.
Interaction and communication is possible if individuals share common
understandings that they use as an impliagi® for reference when speaking to one
another (Bruner, 1996). The formal language of mathematics can, however, exclude
and alienate certain groups of secidtural groups from engaging actively in
mathematical activity (Meaney, 2002).

Irrespective of ieir main language, NESB students have difficulties understanding
and engaging with each other or the teacher because of differential communicative
competence in the language of instruction, i.e. English (Adler, 1995). NESB
student s0 | e virthesEnglish laqguagefaifect theimability to actively

and effectively participate in mathematics classrooms (Moschkovich, 2002). Some
studies have suggested that, for these students, language exerts extra demands on an

already complex situation of leang mathematicsBarwell, 2009;Campbell et al.,
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2007 Halai, 2009. To help students cope with learning obstacles associated with
language, some mathematics educators have propogeulis oncode switching in
mathematics classes with NESB students.

Codeswitching

The termcode switchings used to describe alternation in the use of two or more
languages in a single speech act (Adler, 1998; Baker, 1993). Code switching may
consist of only one word, a phrase, a sentence or several sentences (Zazkis, 2000).
Code switching has been noted by a number of researchers as a valuable
communication resource for teaching and learning and to foster mathematical
understandingAdler, 1998; Clarkson, 200532006 Khisty, 1995; Moodley, 2007;
Moore, 2002; Moschkovich, 2@) In some studies Setati & Adler, 1998)
mathematics teachers were observed to code switch in order to focus or regain the
studentds attenti on, to transl ate or <cl ar
and to reformulate and model mathematical language (Setati, 2Q0R2}the other
hand,NESB students code switch for various reasons including to seek clarification
and to provide an explanation, or for elaboration, and to express ideas, or even to
reiterate a idea (Moschkovich, 2005; Zazkis, 2000). Some students use code
switching to repeat what has been said in Bhglin exact or modified form to, for
example, adémphasis, to ensure understanding of what has been said, and to verify
and/or liild vocabulay (Moodley, 2007. Code switchingcan promotdoth student

student and studetgacher interactions in classrooms involving NESB students
(Setati, 2002).

A number of researchers in mathematics education have advocated for the use of
NESB st udlanguage$ as fresourses for teachang learningmathematics
(Adler, 2001; Machkovich, 2002; Setati, 2005Y.hese researchers see NESB
student s6 f i rtdtool far thigking ane doremunicatéios. They argue

t hat NESB st udesprévisi@suppartneeded by ghasg stumlents as they
continue to simultaneously learn and develop proficiency in the language of
instruction (i.e. English) and learn mathematics (Setati, Adler, Reed, & Bapoo, 2002).
These researchers add that thathematis teacher has an important role of guiding

NESB student$o move from a stage where they can talk about mathematics in their
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first language to a stage where they can use the formal language of mathematics, in
English, and effectively engage in conceptoathematics discussions, in English.
was aware of this potential in this study.

Implications for classroom practice

I n the mathematics classroom teaching <can
language competencies (Moschkovich, 2007). Instruction can acknowledge and
legitimize student verbalization as a resource for teaching and learning purposes, or a

tool for thinking and display of mathematical knowledge (Adler, 1999). At the same

ti me, NESB studentsd | anguage deamingbe used
process. Teaching can allow students who share the same main language to use it, in
smallgroup activities,to express their mathematical ideasing code switching
(Moschkovich, 2002).

Teaching practice can create conditions that allow and encourage all students to have
access to the language of instruction and the language of mathematics (Adler, 1997).
Rathe than leave the learning of language implicit, classroom practice can balance
the attention given to explicit language of the mathematics classroom and
mathematical understanding. Language development can become an integral part of
learning mathematics,ather than an explicit focus of study (Adler, 1999). The
teacher can manage tensions in the use of formal mathematical language and informal
language on one hand, and in the use of the language of instruction on the other hand.
He or she can supportstudlee 6 movement between talk used
work on the mathematics task and talk that can be used as display of mathematical
knowledge. Additionally, the teacher can make explicit and intentional moves aimed

at helping to bridge what studestsy and conventional mathematical language.

Classroom instruction can stress sharing, exploring and displaying ideas. In addition,
it can encourage negotiation and joint construction of mathematical meaning. The
teacher can provide students the suppory tten need to develop the ability to
communicate, in mathematical activity, with understanding (Kazemi & Stipek, 2001).
Classroom instruction can encourage studéimdent and teachstudent
conversation (Fraivillig et al., 1999). In addition, it can emege NESB students to
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participate in mathematical discussions where they can grapple with mathematical
content, even if they lack the correct language, and even if they can switch from
English to their main language (Adler, 1997). time conversations, &sroom
practice can allow NESB students to use aspects of competent mathematical
communication that go beyond the vocabulary list (Moschkovich, 2002). Language
practices of the classroom can be wused 1
mathematical dismurse. Teaching can encourage students learn to participate in
valued language practices, such as, being explicit and precise, and using specific
language in particular contexts (Moschkovich, 2002). Productive mathematical
conversations can beentredon purposeful mathematical talk with genuine student
contribution (White, 2003).

Students can experience using the language of instruction and the language of
mathematics as a psychological tool and a social and cultural tool for sharing,
exploring, negotiatig and constructing mathemati cal k
| anguage of mat hematics to express ideas
students can learn mathematics as discussiooge freely between their main

languages and English (Campbell et, &007). They can have access to the
appropriate | anguage coupled with the tea
6say iité6 (Adler, 1999) . Students can att
learned and to a language they can be trying to mastehe process they can
develop the ability to o6talk mathemati cso
express their ideas when mathematical tadkomes a classroom norm, negotiated

and changed by members of the classroom community (Moschkoviélg).20

Students may think that language is a social and cultural tool for learning

mathematics.

2.5 Chapter Summary

This chapter has reviewed literature on issues currently facing mathematics
education. By giving special attention to views about the nature of mathematics,
pedagogi cal chall enges, and i ssues to do \
| have highlighed the importance of these matters in mathematics teaching and
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learning. Each concern was outlined and then discussed on the basis of how it might

affect the ways in which NESB students can be supported in mathematical activity.

Literature to do with theproduct, process and cultural views of the nature of
mathematics was discussed. | stressed the impact each conception has on what and
how mathematics is taught and learned in the classroom. For each view, | identified
the main elements that do supportbor nder NESB studentsdé math
The social and cultural nature of mathematical activity was discussed in some detail.
The argument was made that it is essefiaNESB student$o regard mathematics

as a human activity and as both a proesba cultural activity that is personally and
socially constructed through interaction and negotiation. On issues around pedagogy,
a case was made that contextualized problems have an important role in mathematics
classrooms. In addition, communicating theamatically, and developing student
autonomy in mathematics were discussed in view of their importance in mathematics
learning. Academic culture and language were discussed as issues that specifically
impact on NESB students. Taken together, the threessand their aspectsould

the classroom participation structure and the negotiation of mathematical meaning.

There is, however, a lack of research that focuses specifically on the practice of
teachers of NESB mathematics students. Research is, therefeded that addresses

this problem. In spite of this, the insight | gained from reviewing literature helped
guide the direction of my study. | came to understand that | need theories that help me
to appreciate and cope with the social and cultural natustudent learning. The
theoretical perspective that allowed me to successfully do this was the sociocultural

approach.
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CHAPTER 3
THEORETICAL PERSPECTIVE
3.1 Introduction

In this chapter, | discuss the learning theories that have served as souumss of
enabling insight into mathematics classroom learning processes. Starting with
cognitive psychology theories, each learning theory is discussed in relation to how it
conceptualizes the learner and what each perspective contributes to an understanding
of the learning process. A sociocultural perspective to learning is outlined and
discussed in view of its clarifying power on current issues with regard to mathematics

learning. The rationale for adopting a sociocultural theory in this study is outlined.

My chosen theoretical perspective is Cobb
theory. The emergent perspective, in particular, helped me to understand the
classroom practices t hat devel oped i n t |
acknowledges that inddual and social and cultural processes are reflexively related.

It offers potential insight into the problems facing teachers of NESB students. In this
chapter, Cobbds classroom soci al nor ms, S
mathematical practices aridentified as significant constructs for understanding
participation and learning in and through mathematical activity in a classroom of

NESB students. Each is outlined and discussed, and research that focuses on each
notion is deliberated on. The chaptoncludes with a summary.

3.2 Learning theories

This section deliberates on cognitive psychology theories, constructivist approaches

and sociocultural perspectives. Each theory is discussed separately in terms of
implications for student learning in mh@matics classrooms. In addition, the

l i mitations of each perspective and thei.:

learning are discussed.
3.2.1 Cognitive psychology theories

Cognitive or psychological learning theories have their roots in the work of Piaget,

who observed and monitored individual children. What emerged from his analysis of
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data was a descriptive account o f chil
sequenth st ages tied to age and maturityo
of development were the same for all individuals and proceeded in a linear and

hierarchical fashion.

According to Piaget, the individual learner constructdhbis knowledge swemes
subject to, and filtered through, past and current experiences. He used the term
schemata to refer to knowledge structures or constructs and ways of perceiving,
understanding, and thinking about the world. Piaget described mental development or
learring as a process of equilibrium in response to external stimuli (Marlowe & Page,
2005). He theorized that while interacting with the environment, the student
assimilates components of the external world intthkisexisting cognitive structures
(schemata)lf the new experiences do not fit the existing structures, the student will
change the structures to accommodate the new information. The process of
assimilation and accommodation create equilibrium (Piaget,\198Y). Hence, in

Pi aget 60 s v ical knowledge tishreeamendful when students construct it
themselves. Cognitive psychology is thus based on the assumption that the individual

dr «
(Ly

student 6s devel opment fAinvolves qualitatiywv

(Cobb, 2007, p. 21).

Inthemat hemati cs c¢cl assr oom, i f teachers wer e

would wait for students to attain a certain developmental age before introducing
particular mathematical concepts. However, in practice, teachers introduce the same

concepts totsidents of varying ages in their classrooms, even though students may be

at different | evels of cognitive devel opme

views focuses on each individual student asheconstructtheir own mathematical
knowledge. Sch a situation creates huge demands for the teacher. Implementing
Piagetds theory in full is particul ar/l
because mathematics learning is inherently social and cultural, and these students
bring to class experiences various academic cultures and languages. Teachers of

NESB students, therefore, need to adjhsir application ofthe theory in order to

y

accommodate studentsdé transition from diff

by the host country.
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Cognitivedevelopment theories, such as that proposed by Piaget, have been criticized

by some learning theorists. For instance, Donaldson (1978, as cited in Lyle, 2000)
concluded that childrends ability to sol ve
developmen - it depends on ways in which tasks are presented, and on the
interpersonal relationships among the participants. Donaldson and her team
demonstrated that children have the ability to think in mathematical ways, in
embedded contexts. She added thatdnea he barriers to childr

requirement to engage in eésnbedded or contesitee thinking.

Pi agetds model i's further criticized for c
and is linear and sequential (Ernest, 1991). It is al#ticized for ignoring the

importance of cultural context in learning (Cobb et al.,, 1992). Focusing on the
restricted domain of logiemathematical intelligence, which is only one aspect of

child devel opment, i s anot evelopmeatahearye s s as ¢
(Almeida & Ernest, 1996).

I n short, the psychol ogi cal perspectiveods
for not adequately and fully explaining the nature of student learning. What is needed

is to pay special attention to thecsd and cultural forces (Anderson, 2007) that

influence student learning. Cognitive development theories have failed to adequately
explain learning processes. Consequently, cognitive perspective limitations have led

to a shift, by some educators, fromdbeheories towards constructivist perspectives.
3.2.2 Constructivist approads

In this section, | discuss two types of constructivists: personal or individual, and
social. | deliberate on the ways each approach characterises learning before

discussingsome of its limitations.
Personalindividual constructivist

The constructivist perspective emerged 1in
A central tenet of the constructivism is that the learner actively constructs
mathematical knowledge from ekigy beliefs and experiences, rather than simply
receiving it readymade (Lerman, 1996). It is because an individual constructs their

own meanings and understandings of mathematical concepts and problems that the
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emphasis in constructivist perspective @ on the transmission of mathematical

knowl edge but on fAquestioning, Il nvestigat
solvingo (Marl owe & Page, 2005, p . 8) . L ¢
thinking processes to develop and build, or even change dniivi dual 6 s meani
and understanding of the concepts and ideas. In this perspective, knowledge
development is seen as a cognitive process (Simon, 1995). The individual integrates
current experiences with past experiences, and whétesh&#eady knowabout the

subject at hand. Every individual learner constructs their own meaning and learning

about mathematical issues, problems and topics. Coming to know is an adaptive
process that organizes experiential reality (Brown, 2001). Since individualhadve

different experiences, their understandings, their interpretations and their knowledge

constructs of mathematical concepts cannot be exactly the same.

A personal or individual constructivist perspective is criticised for focusing
exclusively on the mrcesses by which the individual constructs their own knowledge
while ignoring the influence of context (Lerman, 1996). The perspective is further
criticised for limiting the consideration of social and cultural influences on the
construction of knowledgeAfrasian & Walsh, 1997). It disregards interpersonal
aspects of mathematics teaching and learning (Cobb, Wood & Yackel, 1991).
Another criticism is that, by focusing only on the individual learner, it does not offer
a compl ete expl anmang ioformthemdtics Lermahe1®96s h | ear
addition, the perspective neither offers suggestions for teaching mathematics (Simon,
1995); nor does it indicate how the suitability or unsuitability of teaching strategies
can be determined. Hence, a personal coostist perspective fails to adequately
cater for the view of mathematics learning embraced for this study.

Social constructivist

When it is recognized that learning is a social process, constructivism can be
extended to social constructivism (Ernd€96; Cobb & Yackel, 1996). In the social
constructivist view, knowledge development, and hence learning, is a social process
mediated by interaction (Ernest, 192®06 Kim, 2001; Simon, 1995). Individuals
construct meaning during interactions with leasther and with the context. This

perspective recognizes the interplay between the social and the personal in learning.
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In a social constructivist approach, people jointly construct knowledge under

particular social and interaction conditions.

The social constructivist approach recognizes that mathematical knowledge and
concepts grow and change (Cobb & Yackel, 1996). This perspective stresses the
genesis of mathematical knowledge, not its justification. It links subjective and
objective mathematical kndedge, with each contributing to the creation and re
creation or renewal of the other (Brown, 2001). It can therefore, be argued that social
construction moves knowledge development forward. In the mathematics classroom,
students would be expected to papate in social interactions in the joint

construction of personally meaningful mathematical knowledge.

Critics of the social constructivism point out the confusion that might arise from a
multiplicity of individual meanings (Airasian & Walsh, 1997). Innaathematics
classroom, it would be difficult to come to some sort of consensus on mathematics
matters because each studemild be developing a unique understanding of concepts
involved. In addition, Ike a personal constructivist perspective, a sogigr@ach

fails to incorporate both individual and collective understanding (Yackel & Cobb,
1996). Furthermore, it does not include suggestions for teaching or suggest what kind
of interventions the teacher could make. In view of these shortcomings, a social
perspective is not suitable for helping to understand my teaching practice and NESB

studentsé mathematics | earning.
3.2.3 Sociocultural perspectives

Sociocultural research has raised questions about the validity of theories of cognitive
development thatmphasize the individual rather than interaction (Mercer, 1999). In
contrast to cognitive theorists, the focu:
by which people develop particular forms of reasoning as they participate in
established culturggr act i ces o ( Cobb, 2007, p . 22) . S«
as an alternative approach t o t he Adic
psychological/individual o (Pl anas & Gorgo
sociocultural approach is to explicate ttelationship between human action, on one

hand, and the cultural, institutional, and historical situations in which this action

occurs, on the othero (Wertsch, del Ri o &
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Sociocultural perspectives are increasingly being used derstand mathematics
learning in a way that places culture as a centre (Nasir & Hand, 2006). These
perspectives assume that social and cultural processes are core processes to learning

(Cobb, 2007) . I n addition, t hye ys ea stsi enrgts ot h
studentsodé | earning. Approaches that rely o
are premised on the idea that knowl edge

participate in culturally organized activities, activities that invohadues, norms,
goal s, éwi t hin -cwheiacthe paecotpilvei tooo t hrough tall
Cobb, 2002, p. 95). They are guided by the view that mathematics learning occurs

through a process of mathematical communication in social and cultural contexts.

A sociocultural perspective characterizes mathematics as inherently social and
cultural (Cobb & Yackel, 1996). It regards learning as a social and cultural activity,

as well as a dynamic process (Brown, 2001; Lubienski, 2002). This perspective

allows foregrounding of the role of social activity and cultural tools in mathematics

learning. The theory permits mathematical activity, thought and learning to be
considered as mediated cultural tools in the activity (Forman, 2003). A sociocultural
perspectiveecognises peer collaboration, and learning and shared understandings in
soci al and cultural contexts (Moschkovich,
centre of human i ntell ectual devel opment
mathematics is genehalperformed in the social sphere, a sociocultural perspective
considers negotiation to be fAa process of
and students continually emp t or use each otherds contri
1996, p. 186). Furthermora,sociocultural theory permits recognition of cultural and

historical contexts, beliefs, and a shift from decontextualized, universal representation

of social interaction, language, and cognition (Forman, 2003) towards a theory
highlighting interconnectias between cultural institutions, social practices and
interpersonal relationships. A sociocultural perspective recognizes that learning is a
normative venture that i nvol ves -ladennstr ain
resources that affecttheleveld ki nds of participationo (K
2007, p. 111). It acknowledges the close ties between theory and practical application
(Boaler, 2002) and recognises the link between instructional practices and learning

outcomes.
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Some sociocultural theists describe learning as participation in social contexts (e.g.
Greeno, 2003). This characterization is consistent with Sfard (1998) and other
theorists who not only highlight the social aspect of learning, but also recognize the
importance of both the dhvidual and the social factors in mathematics learning.
Sfard (2003) used two termagquisitionand participation, to describe learning. The

term, acquisition, provides insight into the development of individual knowledge and
helps to account for the diversity in performance of individual students. Participation,
on the other hand, is required in order to adequaletgribe and theorize the role of
social settings, the nature of in®ubjectivity, and the notion that knowledge is
situated in social settings (Lerman, 1996). This version advocates participation in
social or communal activities and recognizes the lietwveen the individual and the
social. Participation is perceived as both a process and an outcome of learning, rather
than as acquisition of knowledge or conceptual change (Sfard, 1998). It includes
elements of both the social and the individual (Sfa@D32 since the individual
student operates in a social context. These two elements should be considered
together. They are interdependent and maintain their distinctiveness in a dynamic,
complementary relationship. In this perspective, the central orggnmiemise in
learning is social and cultural rather than reasoning. In the mathematics classroom,
the teacher supports individual students as they participate in social or communal

activities. This is a major issue in this study.

There are sociocultuiiats who use participation in mathematical discourse practices

to describe learning mathematics (Forman, 2003). In this characterization, the central
issues involve negotiation of normative aspects of mathematical activity and
mathematical practices, thecus of this study. In this perspective, attention should

be directed at developing the | earnersodo a
negotiation of different aspects of the classroom microculture (or classroom social
context). In the mathemasic ¢l assr oom, Astudents | earn
communicate about situations, and use resources for mathematizing and
communi catingo (Moschkovi ch, 2002, p. 19"
communication in social and cultural contexts and recognisgsrical contexts and
beliefs as important factors in mathematics learning. Communication enables sharing

of mathematical ideas and mathematical argumentation to take place. The term
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argumentation is wused in this dlictadly t o0 me

arrive at a common understandingo (Anthony

Another version of the sociocultural perspective describes learning as participation in
developing normative aspects of the classroom microculture (Cobb et al., 1997). This
versim highlights collective construction of normative social practices related to the
student participation in classroom activities, normative aspects specific to
mathematics, and normative aspects specific to a mathematical idea. It recognizes that
mathematis is inherently social, mathematics learning is a social activity that occurs

in social contexts, and mathematical knowledge is emergent (Cobb et al., 2001). In
this perspective, learning is a process involving negotiation of meaning.
Implementation of tts perspective requires students to be active participants in joint
constitution of normative aspects of the mathematics (Yackel & Rasmuss@&), 200

In this perspective, students are viewed as part of the learning environment.

These three variations of tle®ciocultural perspective are not distinct, but overlap

and complement each other. All three perspectives emphasise the importance of
participation in learning. They, however, vary in their emphasis of the significance of

social and cultural aspects ofitaing, and their acknowledgement of learning as a
process. From these three perspectives, t
necessary to follow an individual ds parti
draw on artefacts, tools and sacothers to solve mathematics problems (Lerman,

1996; Simon, 1995). The three perspectives allow that effective participation can be
constrained by the studentsd past diverse
need to devise ways in which stutles 6 di ver se backgrounds ar e€

advancing their learning.
3.3 Rationale for adopting a sociocultural theory in this study

This study is about my teaching practice
In order to better understand thpgactice, mathematics classrooms, and NESB
learners, | needed a theoretical perspective that provided some understanding of the
relationship between group and individual mathematical activity. A sociocultural

perspective meets this condition, making itafle for adopting in this study.
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Sociocul tur al theorydéds attention to socia
which is highly significant in this research, makes the perspective attractive for this

study. Furthermore, since a sociocultural tge@ccommodates the view of
mathematics embraced in this study, it became appropriate that it be adopted for this

study.

Two aspects of sociocultural theory stand out to make it particularly relevant to my

study. The first is highlighting the importance sbcial and cultural factors in
studentsodo | earning and devel opment (Nasir
significance of studying the change process rather than merely documenting the final
outcome of that change process. Two themes emerge thimnThe first theme
concerns how the nature of teaching strat
learning. The second is concerned with how doing mathematics involves
communicating mathematical ideas (Anthony & Walsh, 2009). A sociocultural
approat is relevant to the extent that it identifies the fundamental link between
learning, and the structures and functions of instructional activity, and how learning

requires communicating in a social context (Moschkovich, 2007).

A sociocultural theory allw s recognition of NESB studer
cultures and different forms of communicatiinigas(e.g. using artefacts, tools and

symbols, oral and written language) (Campbell et al., 2007; Moschkovich, 2007).

This is crucial since every student comesgh experiences and various ways of

expressing their thinking. In addition, it provides a lens through which the local
production of the academic culture can be recognized, taken apart and analysed. By
recognising that the academic culture of the mathiemalassroom is created
momentto-moment during interactions as people participate in (and recreate) cultural
practices (Nasir & Hand, 2006), a sociocultural perspective allows consideration of

the academic cultural norms NESB students bring to therotass

A sociocultural perspective permits regarding mathematics learning as not just about
gaining new mat hemati cal knowl edge, but
transformatiori about becoming (Lerman, 1996). It allows learning to be considered

as shifts m how students view their relationships with peers and with mathematics

and how they come to view themselves as learners.
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The perspective provides insight that offers the potential to enable understanding
mathematics classrooms with NESB learners. Thispeetive focuses attention on

student participation in mathematical activity, mathematical communication, and
devel opment of studentsd mat hemati cal knov
gain an understanding of how joint construction of mathematieaning relates to

an individual student 6s mat hematics | earni

Out of my own experience and the research studies, this study is premised on the
notion that to improve my teaching practice | would need to help my NESB students

into newways of doing mathematics. | hypothesised that NESB students, in this

study, would need to be initiated into mathematical classroom processes, focused on
contextualised and necontextualised mathematics problems, communication, and
autonomy, as emergephenomena rather than reaahade practices. The theory that

al |l ows me to better under stand how this

perspective. This is discussed next.
3.4 Cobbb6bs emergent perspective

Cobb (1997) and his colleagues explored waysto actou f or st udent sé ma
development as it occurred in social contexts of primary classrooms, over the course

of their work. Cobbds emergent perspecti ve
classroom activity: the social, and psychological orviadial (Bowers et al., 1999;

Cobb et al., 2001; Cobb, 2007). He developed a tlenad framework that includes

key aspects of a social perspective to learning and three corresponding components of

a psychological (individual) perspective. The frameworkréproduced below in

Table 3.1.
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Table 3.1 An interpretive framework for analyzing communal and individual
mathematical activity and learning (Cobb, Stephan, McClain &
Gravemeijer, 2001, p. 119)

Social Perspective Psychological Perspective

Classroom social norms Beliefs about own r
general nature of mathematical activity
school

Sociomathematical norms Mathematical beliefs and values

Classroom mathematical practices Mathematical interpretatiorsd reasoning

The social perspective consists of three aspects: classroom social norms,
sociomathematical norms and classroom mathematical practices (discussed in section
3.4). These focus on studentsd6 ways of act
established® nor mative in a classroom communi:t
individual perspective comprises three components. The first is concerned with
studentsd individual beliefs about their
activity. The second focusesno st udent so mat hemati cal b
Mathematical interpretations and reasoning make up the third component. The

i ndi vidual perspective is concerned with
reasoning oré the specamimwnaMayc!| aosfs rpoaorm iacc
(p. 29) . From this perspective, as we dev
reasoning is perceived as an act of participation in normative activities. Three key

ideas associated with the emergent perspective agflexive relation between the

social and individual perspectives, emergent aspects, antlie@mchical levels of

focus.
A reflexive relation between the social and individual perspectives

The emergent approach views social perspectives and individuspeptves as

linked rather than separate processes (Cobb et al., 2001). It acknowledges the

i ndi vidual and the soci al as compl ement ar y
cultural processes are considered to be reflexively related, with neitheutatrib

absolute priority over the othero (Cobb et
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are not just interdependent; they aredependent, neither can exist without the other

(Yackel & Rasmussen, 2003). The learning process, human action and the

scialcul t ur al context are inseparable. The ¢
i ndi vidual and the soci al as recursively
Lanier, 2005, p . 1032) . Students6é individ

process of socialization into the academic culture.
Emergent aspects

Within the emergent perspective, classroom processes are treated as emergent
phenomena (Cobb, 2007). The focus is on developing, rather than fully established,
individual, and social and cultal processes. At the local, classroom level, the
emergent approach views reproduction of culture as a process of emergence in which
student so constructive activities and ma
participating ceevolve. All the componentsf the emergent framework are perceived

as continually emerging.
Levels not hierarchical

Cobb and his colleagues (2001) emphasise that the three levels of focus in the
emergent perspective are not hierarchical. They do not suggest any order of
importance Different levels are used to highlight particular points related to
mathematics learning. For the purposes of this study, the framework will be referred
to as the thretevel framework. The view embraced in this study is that mathematics
learning is a sdal activity that occurs in social contexts. Consequently, my major
focus is on collective mathematical learning of the classroom community, rather than
just individual students. Hence, social aspects are foregrounded and discussed in
more detail. This isdone to highlight particular points associated with each
component. Individual aspects are backgrounded, and their role in collective learning

acknowledged.

In order to further clarify the distinction between the three components of the
mathematics classom microculture (or under the social perspective), each is now

briefly delineated.
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3.4.1 Classroom social norms

Classroom social norms are expectations and obligations regarding classroom
participation that are jointly constructed or negotiated byeheher and the students
(Bowers et al., 1999; Cobb et al., 1997; Cobb et al., 2009; Yackel et al., 1991). They

ar e fagshdred meliefs that constitute a basis for communication and make

possible the smooth flow of, 193 asiedioom i nt
Yackel & Rasmussen, -axsth®I,edp. i $60)s.edo Ttaok e
Amembers of the classroom community, havi

understanding, achieve a sense that some aspects of knowledge are shared but have
noway of knowi ng whether the i deas are in
Classroom social norms are norms or standards of participation or general discourse
patterns of the classroom, and an aspect of the classroom microculture (Cobb et al.,
2001).

Socid norms serve as the means by which higher knowledge is socially and
individually developed (Dixon et al., 2009). The notion of norm is used to include
what is acceptable for that particular classroom. Hence, in this study, the term social
norm is used talescribe expressions of normative expectations and responsibilities in

a specific classroom.

General classroom social norms can be referred to as social constructs that involve a
takenfor-granted (i.e. needing no explanation or justification) sense ehwis
appropriate to make a contribution in class (Cobb et al., 1992). For a teacher, they are
about fostering acceptable behaviour in the local situation. These norms are
concerned with the interpretation of the classroom participation structure or
classroom action and interaction that are not specific to mathematics, but apply to any
subject (Cobb et al., 2001; Cobb & Hodge, 2002). Classroom social norms become
normative over time. Several studies (e.g. Cobb et al., 2001; Dixon et al., 2009;
Yackel & Gobb, 1996) found that constructing classroom social norms supports

development of student social autonomy.

Social norms are not necessarily fixed (Cobb et al., 1991). They are subject to
change. The emergent perspective correlates classroom social goanisa st st udent

general beliefs about their roles and the nature of mathematical ach\stydend s
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beliefs are the individual understandings of normative expectancies which they utilize

to appraise a situation (Yackel & Rasmussen, 2003). Classrooat sooms andca

studend sbeliefs are reflexive, ce vol v e, and ar e Amut ual |

constrainingo (Yackel et al., 2000, p.
3.4.2 Sociomathematical norms

The term sociomathematical norm is used to describe norms or standards of the
classrom actions and interactions that are specific to the mathematical activity and
guide mathematical work (Franke, Kazemi & Battey, 2007; Yackel & Rasmussen,
2003). Sociomathematical norms label the classroom social constructs particular to
mathematics. They are jointly developed by the teacher and the students. These
norms are about the actual process by which students and the teacher contribute
mathematical ideasThey guide the quality of mathematical discourse in the
classroom (Yackel & Cobb, 1996). Sociomathematical norms, therefore, go beyond
classroom social norms that are concerned with managing classroom discourse. Since
they are interactively constituted leach classroom community, sociomathematical

norms may differ from one classroom to the next.

Although they are specific to mathematics, sociomathematical nhorms cut across areas
of mathematical content by dealing with mathematical qualities of stateraedts
solutions. They guide mathematical argumentation and acceptable ways of reasoning
with tools and symbols in mathematical activity (Cobb et al., 2009). In the emergent
approach, a feature is termed argumentation in which mathematical reasoning is
basedon explanation and justification of mathematical thinking (Cobb et al., 1997).
Students can, therefore, negotiate mathematical meaning through the process of
argumentation. Examples of sociomathematical norms include an acceptable
mathematical explanatipnan acceptable mathematical solution, a different

mathematical solution, similar mathematical solutions and an efficient solution.

Sociomathematical norms are not predetermined criteria introduced into mathematics
classroom from outside; they form wherpknations and justifications are made

acceptable (Yackel & Cobb, 1996). Sometimes, acceptability is made possible when
explanations and justifications can be interpreted in terms of actions on mathematical

objects that were practiced.
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The prevailing tagnasshared basis for mathematical communication can serve as
conditions against which students explain and justify their thinking (Yackel & Cobb,
1996). Joint understanding of what an acceptable mathematical explanation or
statement is evolves over timdowever, developing a takeasshared understanding

of a particular sociomathematical norm can be highly problematic (Cobb et al., 2001).
For instance, some students may struggle with what criteria to use when judging
mathematical difference or same swmot Sometimes, the criteria emerge
spontaneously in the course of interactions with the students. At other times, the
teacher may need to make it explicit for both the teacher and the students (Yackel et
al., 2000).

As a representative of the wider mattaics community, the teacher legitimizes the
ongoing negotiation of what is acceptable mathematical activity. However, in the
classroom that emphasizes sociomathematical norms, the teacher shares this role with
the students (Yackel & Cobb, 1996). What tih@ssroom community legitimizes as

acceptable mathematical activity influence

The constitution of sociomathematical norms is captured or shaped by the existing
classroom culture. Like social norms, sociomathematicamsoare continually

regenerated and modified by the students and the teacher through their ongoing
coordinated actions (Cobb et al., 2001; Cobb & Yackel, 2011). Through conversation

and reflection, sociomathematical norms can be clarified and refined. So,
sociomathematical norms are emergent. Since these reflective activities have the
potenti al to contribute to studentsd mat.l

sociomathematical norms and learning mathematics are reflexively related.

The emergent perspa i v e mat ches soci omat hemati cal
mathematical beliefs and values (Cobb & Yackel, 1996). Specifically mathematical

beliefs and values that students construct (individual perspective) enable them to
participate in the negotiation of somathematical norms (social perspective) (Cobb

et al., 2001). Conversely, while contributing to the development of sociomathematical

norms, students reorganize their own mathematical beliefs and values. These two

aspects calevelop.
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Some researchers in rhamatics education have argued that sociomathematical
norms determine what mathematics students learn, in terms of content, and what they
ultimately believe about the nature of mathematical knowledge and the ways in which
it is learned (Wood, 1999). In adidn, some studies (e.g. Lopez & Allal, 2007;
McClain & Cobb, 2001Sekiguchi, 2005; Yackel et al., 2000) have demonstrated that
establishing sociomathematical norms can foster negotiation of mathematical
meaning and the development of student intelléeutbnomy in mathematics. These

findings show the importance of developing sociomathematical norms in this study.
3.4.3 Classroom mathematical practices

Classroom mathematical practices are concerned with specific-adaistiared ways

of acting, easoning, arguing, and symbolizing regarding particular mathematical
ideas (Cobb & Hodge, 2002; Cobb et al., 2001; Bowers et al., 1999). They are social
constructs that involve a communal sense of what constitutes acceptable actions,
reasons, arguments caisymbols relating to specific mathematical topics. This is in
contrast to sociomathematical norms that cut across all mathematics content areas. A
classroom mat hemati cal practice i mposes
as well as conceptuale sour ces for constructing sol
2003, p. 326). For instance, mathematical practices are concerned with what

constitutes a solution to a quadratic equation.

Like social norms and sociomathematical norms, classroom mathenpatctites

are collectively constructed and developed by the classroom community (Bowers et
al., 1999). Generally, mathematical practices evolve as the teacher and students
discuss topic problems and solutions. During the establishment of a mathematical
prectice, students are obliged to explain and justify their actions and interpretations.
At some point, collective mathematical understanding is achieved and the activity of
interpreting becomes institutionalized as a classroom mathematical practice that is
beyond justification (Cobb et al., 2001). Students would then be acting in adsken
shared reality in which they do not need to justify their actions around a particular set
of content practices. From the emergent perspective, a mathematical practice is
viewed as an emergent phenomenon rather than aefsthplished way of reasoning

and communicating into which students are to be initiated.
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When viewed from an emergent perspective, there is a reflexive relation between
classroom mathematical practiges®cial perspective) and individual studéniays

of interpreting and reasoning or studéntsmathematical conceptions
(psychologicadindividual perspective) (Bowers et al., 1999; Cobb et al.,, 2001).
Consequently, the emergence of collective mathematicadtipes and individual

studenté learning ceexist (McClain & Cobb, 2001). The emergent perspective

associates classroom mat hemati cal practi c

interpretations and reasoning related to a particular content topierucontribute

to the development of classroom mathematical practices as they restructure their

i ndi vi dual mat hemati cal activities. Concur
constrained by the studentso pCobbt& ci pat i

Yackel, 1996, p. 180).

Commitment to development of classroom mathematical practices impacts on
classroom practice. In separate studies, Bowers, Cobb and McClain (1999),

Rasmussen, Stephan and Allen (2004), and Stephan and Rasmussen (2002afound th

the devel opment of c¢classroom mathemati cal

learning, as well as development of their social and intellectual autonomy. These

matters are of particular relevance to this study.

In order to cope with the analysisdainterpretation of learning in this study, a
framework or an analytic tool is needed that is compatible with the sociocultural
theory (Cobb et al., 1997), and that addresses both social and individual perspectives
on mathematics learning. The emergenmiavork allows for this (Cobb et al.,
2001).

3.5 A framework for this study

I n this study, I adopted Cobbds (1997)
in section 3.4) and relied heavily on it for key concepts and methodological guidance
(Cobb & Yackel, 1996; Cobb et al., 1997; Cobb et al., 2001). It is, however,

i mportant to note that there are major
investigation, and my study. While Cobb and his team of researchers investigated
mathematics learning taprimary school level, my study is concerned with

mathematics learning at tertiary level.
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Distinguishing three key aspects of the classroom microculture

Consistent with Cobbdés emergent perspecti\
the relationship &tween social and individual processes of learning. It distinguishes

three key aspects of the classroom microculture (classroom social norms,
sociomathematical practices and mathematical practices) and three corresponding
components of the individual oryzhological perspectives. The adopted framework

allows me to treat the individual and social aspects as complementary components of

the learning process. It allows me to focus explicitly on each of the three key aspects

of the classroom microculture. Inditon, it permits me to pay special attention to

the social aspects of mathematics learning and teaching without disregarding
significant contributions emanating fror
(Southerland et al., 2005). The social perspectiveraaght to the fore, thereby

reflecting the relative emphasis given to mathematics as a social process and the
importance that is attached to collective learning in this study. This move enables me

to highlight particular points about each social asp#w, aim of this study. In

addition, this move is needed to enable better understanding of the interactions
between me, the teacher, and students in mathematical activity, and about how
learning happens. By drawing on the emergent formulation, | am aatknowledge

that mathematical activity is culturally situated (Lerman, 1999; Nasir & Hand, 2006).

The perspective allows me to treat studen:

in social and cultural classroom activities.

Li ke Cobbds ehnteerfrgmewaork foatpipstudyaacknowledges that the

difference between classroom social norms, sociomathematical norms and classroom
mathematical practices is subtle. This difference can be explained by way of
examples. For instance, in this study,lexpi ni ng and justifying or
solution is an example of a classroom social norm. However, when the focus is on
providing mathematical reasons or interpretations to clarify and justify a contribution

or solution, the normative understandirsga sociomathematical norm. Explaining

and justifying mathematically is an example of a sociomathematical norm. The
statement 6counting the number o f arr ows

practice when the focus i stenahlfiesebhéebeimahn
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Social aspects and individual processes are reflexive

A framework for this study recognises that in classroom mathematical activity social
aspects and individual processes are reflexive. The framework enables me to accept

this reflexve relationship but still give precedence to social and cultural processes

over individual psychological processes. It makes it possible for me to examine how

the individual components shape the social aspects, as well as to better understand the
extent towhich social processes shape, and are shaped by, individual learning. This
framework permits me to recognize that students reorganize their mathematical ways

of reasoning and knowing as they construct personal mathematical knowledge in

social and culturatontexts, and as they participate in practices of the mathematics

cl assr oom. It approves of my viewing my N
whil e participating in and contributing t
(Cobb, 2007, p. 30). This nae assists me to better understand the intersection
between the individual and group mathematical knowledge construction of my NESB

mathematics students.
Social and sociomathematical norms and mathematical practices are emergent

The framework for this stydrecognises that social and sociomathematical norms,

and mat hematical practices are emergent.
framework allows me to treat social norms, sociomathematical norms and
mathematical practices constituted in mathemataassrooms as evolving
phenomena that are continually regenerated by the students and the teacher during
ongoing classroom interactions. It allows me to recognize that students do not inherit
pre-packaged and intact mathematical ideas. At the same tieé&amework makes

it possible for me to acknowledge that students need to engage in tasks which give
rise to new understandings of what might be seen as old ideas. This framework
all ows me to recognize that my sthudent so
becoming initiated into the conventional cultural usage (Brown, 2001), over time. It
enables me to recognize that learning involves a process of-reahkggy and
negotiation of mathematical meaning. In addition, it allows the use of different forms

of paticipation to sustain evolving classroom norms and mathematical practices.
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By recognizing the emergent nature of mathematics learning, the perspective offers
guidance on ways to better understand how NESB students might learn mathematics

in an academic wture that values and encourages negotiation of meaning. The

adopted framework for this study makes it possible to attend to, and account for the

diverse ways in which NESB students participate in mathematics classrooms and how

this participation changesver time. It allows me to bring the diversity in NESB
studentsd mat hemati cal reasoning to the f

the social context of their participation in communal mathematical activity.
Levels in the thre&evel frameworlare not hierarchical

Li ke Cobbdéds (1997; 2001) emergent perspect
the three levels of focus (classroom social norms, sociomathematical norms and
classroom mathematical practices) as beingmerarchical. It considersocial and
sociomathematical norms and mathematical practices to be complementary to each

other. The framework for this study, therefore, allows me to recognize that social and
sociomathematical norms and mathematical practices are not ranked, deuelp at

same time and affect student learning.
Previous studies that used the emergent perspective successfully

Ot her researchers have successfully appli
studies. Simon, Tzur, Heinz, Kinzel and Smith (2000), for example, were guided by

the emergent perspective in their study involving the practice of mathematics teachers

in transition, in the USA. They found coordinating the social and cognitive aspects of

the emergent approach fundamental to their research as a whole. These researchers
acknowledged that the emergent perspective enabled them to focus particularly on the
cognitive aspects and gain a better understanding of the perspectives of teachers who
participated in their research. In this study, | use the emergent perspective to allow

me to focus especially on the social aspects and gain better understanding of my

teachingpacti ce and NESB students6é collective

Southerland et al. (2005) applied the emergent perspective in their research, arguing
that one important characteristic of this framework is that it offers insight into how
group construction of meaning reda to individual learning. The emergent

65



perspective enabled these researchers to account for the individual, the group and the

interplay between the two camps. Hershkowitz and Schwarz (1999) extended
application of the emergent perspective to middle dcblassrooms, describing the

approach as i a power f ul t heory for desc

classroomso (p. 149) . These naleeck i@drectc her s

between social and individual processes. By coordinating thal gmispective and

the individual psychological perspective, they were able to achieve a broad
perspective on individual and collective mathematical knowledge development. In
my study, it is also argued that the approach can provide some insight into
undestanding how collective negotiation of mathematical meaning relates to
I ndi vi dual NESB studentds mat hemati cal
allow me to link the social and individual aspects and better understand how NESB
students might learn athematics collectively, in an academic culture characterized

by explanations and justifications, and negotiation of meaning. The adopted
framework allows me to elucidate the relationship between human action and the

sociakcultural context in which the &on takes place.

In a study involving tertiary students, Yackel, Rasmussen and King (2000) drew on
the emergent approach for theoretical orientation. The perspective allowed them to
analyse collective learning that emerged in a classroom community efgnaduate
mathematics students. Focusing on social and sociomathematical-noothsin the

social perspective, they were able to pay attention to the classroom environment in
general and the mathematics environment specifically. The emergent perspective
allowed these researchers to regard the relationship between the sociomathematical
nor ms t hat were <constituted by the cl
mathematical beliefs and values, as reflexive, and mutually enabling and
constraining. Theseesearchers contend that the reflexivity between social and
individual aspects that is recognized by the emergent perspective allowed analysis of
the classroom community in a way that enabled better understanding of the social and
sociomathematical norms garding explanation. The perspective enabled them to

r

c

ass

document the emerging soci al norm of &éstuc

make sense of othersé thinkingo. Il n thi

allows explicit attention to sociabpects of learning and teaching, and better insights
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into understanding how communal learning might evolve in classrooms with NESB

students.

In a case study involving thirgrade mathematics students, Bowers et al. (1999)

adapted the emergent perspectve Thi s move enabled them to
mathematical development in the social context of a classroom over a prolonged

peri od of ti meo (p. 25) . The perspecti v
communal classroom mathematical practices in whiehstudents participated and

the development of their individual understandings while participating in those

evolving practices. In addition, the perspective enabled them to clarify the
relationship between student sficalpracticéesr i but i o
and their ongoing negotiation of social and sociomathematical norms. As with

Bowers and her colleagues, the emergent perspective makes it possible for me, in this

study, to document communal development of social norms, sociomathematical

norms and mathematical practices. The perspective provides direction on how these

norms and mathematical practices might evolve in a classroom with NESB students.

More recently, when Rasmussen and Marrongelle (2006) carried out research
involving undergradate mathematics students in the USA, their framework was
grounded in the emergent perspective. The emergent approach enabled them to work
from the premise that meaning is constructed through interaction and that learning is
a process involving interactidmetween the learner and her or his surroundings. In
addition, the approach allowed the researchers to better understand and specify
significant aspects of the proactive role of the teacher to create and sustain learning
conditions that enable students ¢arn mathematics with understanding\andnake
movements in their views about mathematics learning and teaching. These
observations reinforce the viewpoint that the emergent perspective fits well within
this study. They confirm that the adopted emergemsgective allows analysis of
social aspects, in this study, allowing better understanding of my role, as teacher, of
supporting the devel opment of NESB student

culture that values and encourages negotiation of mmattieal meaning.

By using the emergent perspective, this study is able to add a cultural dimension to

Cobb and hi s t eambs f ocus on classroom sc
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mathematical practices. The perspective makes it possible to link thestivied
aspects of the classroom microculture to cultural ideas about how learning happens
and how mathematics happens.

3.6 Chapter summary

This chapter has discussed some learning theories and has set out the theoretical
framework that guided this stud$ociocultural theory was identified as a significant
perspective for understanding mathematical activity. This theory helped me to think

in different ways about issues to do with
my own teaching practice. It helpete question myself, in more ways than one and

ask: Wh a 't can | do to enhance my student
sociocultural theories assisted me to think about a plausible way to investigate my

practice.

Cobbdés (1997) e wviess tgeandividug) and thepsecaltas reflexively

related. It offers insights that enable understanding of mathematics classrooms and

| earner s. I have introduced Cobbs0os three
classroom social norms, sociomathemétinarms and classroom mathematical
practices. Social norms are regularities in classroom social interactions that are
established on implicitly shared group agreements. They are used to interpret the
classroom participation structure and are not confimedhathematics classrooms.
Sociomathematical norms deal with the normative aspects of classroom action and
interaction that are specific to mathematics. Constructing sociomathematical norms
helps create coherent classroom mathematical discussions and acediemic

discourse of mathematics. Mathematical practices are concerned with particular
mathematical ideas. Development of classroom mathematical practices is
accompanied by the actual learning process. | have proposed that the constitution of
classroom sgal, sociomathematical norms and classroom mathematical practices
needs to be considered in classrooms with NESB students. | further proposed that
these norms and practices need to support

mathematical autonomy.

In order to examine the construction of classroom social norms, sociomathematical

norms and mathematical practices in a systematic manner, | need credible research
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methodology and methods. The next chapter outlines and discusses the research

methodology andnethods in this study.
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CHAPTER 4

RESEARCH METHODOLOGY AND METHODS
4.1 Introduction

This chapter lays down the research design for the study. In the first section,
guantitative and qualitative research approaches are identified as the two main
research orientations in mathematics education. | outline these before focusing on
qualitative esearch. Within this orientation, naturalistic and interpretive

met hodol ogi es are discussed as appropri at
practice. Practitioner research is then described and discussed in some detail. It is
identified as appropriatfor investigations involving professional development and
professional learning. Next, the research methods used to collect and analyse data in
practitioner research are discussed and their relevance to fostering deeper
understanding o f stressed. Olssuesp relatedt to ctlee ethics,

trustworthiness and generalizability of practitioner research are identified.

In the second main section, the specific research design and the methods used to
collect and analyse data for this study are presemedigscussed. Issues to do with
the trustworthiness and generalizability of this study are addressed. Finally, a chapter

summary is presented.
4.2 Research Methodology

This section presents an overview of quantitative and qualitative research
orientations a description and discussion of practitioner research, and an outline of
some of the methods that can be used to collect and analyse data in practitioner
research. Ethical issues around practitioner research are highlighted. The section ends
with a discsion of trustworthiness and generalizability in practitioner research.

4.2.1 Quantitative and qualitative research

Quantitative and qualitative research are two of the main research orientations in
mat hemati cs education. Quantitative resear
in which the researcher decides what to study; asks specific questions; collects

qguantifable data from participants; analyzes these numbers using statistics; and
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conducts the inquiry in an unbi a4ed, obj
Quantitative approaches emphasize measurement and analysis chrudafect

between variables (Deim & Lincoln, 2005). They tend to address research problems

that require a depiction of trends or an explanation of any relationship among
variables. In these approaches, objectivity is stressed and, tiomtext and value

free generalisations are desl and possible. Quantitative research rejects notions of

choice, freedom, individuality and moral responsibility (Cohen, Manion & Morrison,

2007).

Unlike quantitative research, in qualitative research the questions tend to be broad
and general, and resehers seek to learn and understand from participants (Creswell,
2008). Qualitative research tends to address problems requiring an exploration in
which little is known about the problem. Its major concern is alejth
understanding of the phenomenon question rather than generalizations and
universal truths (Denzin & Lincoln, 2005; Higgs & Cherry, 2009). Qualitative
research approaches place importance on the information that is gathered inthe real
life context as the action unfolds, tentative intetation and meaningaking of
reality, and acknowledges the role of the researcher, rather than on controlling events
and seeking to establish cause and effect (Creswell, 2009; Polkinghorne, 2005).
Hypotheses and definitions are allowed to emerge in cbatexhe study develops.
Qualitative research approaches acknowledge that any research will be partially
complete (Lankshear & Knobel, 2005). It is valaden.

In qualitative research, the assumption is that knowledge is context and time
dependent and, @t time and contexfree generalisations are undesirable and not

possible because meaning is continuous and evolving over @otee, Manion &

Morrison, 2011; Drew, Hardman, & Hosp, 2008). Researchers aligned with
qualitative research contend that mu#iponstructed realities exist. In qualitative

orientation, it is not possible to completely separate causes and effects since logic

flows from specific to general. Neither is it possible to entirely distinguish knower

and known becausewetrhe sistuhbej excdurnwee knfo r e a
Onwuegbuzie, 2004, p. 14). Qualitative approaches stress the close relationship

between the researcher and the social reality being studied (Denzin & Lincoln, 2003).
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The researcher and participant are interdependds, the researcher and all other

participants are changed by the process of inquiry (Drew et al., 2008).

Qualitative research approaches have, however, some limitations which the
researcher needs to be aware of and have measures put in place tbripiarze

their effects. One such shortcoming is that, in qualitative research, it may be difficult
to understand what is happening due to the complexity of the natural settings (Drew
et al., 2008). Another is that results of qualitative research malgengéneralizable

to other groups of people. Also, the integrity of definitions and hypotheses may be
less clear as this only become apparent in the course of the study, and analysis of
results may be very timeonsuming. However, the importance of gathgriata in

natural settings cannot be outweighed by these limitations.

Two orientations to qualitative research are relevant to this study. These are naturalist
inquiry and interpretivist inquiry.

Naturalistic inquiry

Naturalistic inquiry is a qualitate research approach that seeks to explore and
understand phenomenon in natural settings (Denzin & Lincoln, 2005). This approach
relies on gathering information about events, processes, programmes, issues, and
activities as they occun situ within reatlife contexts (Lankshear & Knobel, 2005).
Naturalistic inquiry is principally concerned with how participants experience,
understand, interpret, and participate in their usual social and cultural contexts. The
central perspective of the naturalisticinqurt r esses t he I mportance
views and the setting (e.g. the mathematics classroom) in which the participants
express these (Cohen et al.,, 2011; Creswell, 2008). Naturalistic inquiry aims to
provide rich and detailed descriptions of peopledtion (e.g. teacher, students) in
their regular local settings (Lankshear & Knobel, 2005).

Participantsdé behaviour 1is recorded in na
gathered by talking directly with the participants and observing them behavact

within their natural setting (Creswell, 2009). In a mathematics classroom, for
example, data is collected as students interact in small groups with the teacher, during

whole-class discussions, and as they work individually.
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A naturalistic approdtis suited to studies that seek answers to questions that seek to
examine unfolding events; focus on a broad analysis of entire phenomenon or
context; and require exploration of reasons for behaviour and ways in which
behaviour unfolds (Drew et al., 2009)he main limitation of the naturalistic inquiry

is the cumbersome and time consuming nature of data collection and analysis
(Lankshear & Knobel, 2005).

Interpretivist inquiry

Interpretivist inquiry is a qualitative research orientation that emphasteegreting

and understanding participantsd actions w
Interpretivist approaches focus on the action of the participants, in social contexts.
Interpretive inquiryaimsta nder st and part i ofthpstuatios.& i nt er |
iIs concerned with seehing local meanings and understanding human experience

through the eyes of the participants themselves. Interpretive researchers want to
capture variation in local settings, using fgeained descriptions afettings and

actions, and through interpretations of how participants make sense of their

sociocultural contexts and activities. In interpretivist orientation, theory emerges from

the interpretation of data. The whiehvel opi n
yield insight and understanding of peopl e
2000, p.23).

Consistent and distinguishing features of interpretive research include privitaging

i nsiderds perspective and f oa precéesseginon und
natural settings (Cohen et al., 2000), such as how participants learn and/or teach
mathematics in classrooms. So, interpretive researchers record interactions in natural
settings, conduct interviews, and review written artefacts suchresnaé reflective

journals. Interpretive inquiry aims for particularizability rather than generalizability

(van Zee, 2006). It seeks to describe, analyse, and interpret features of a specific
situation Apreserving i ts C O pegtives xto t y anc
participantso (Bor ko, 3)LAcsidingtto tide inWipretivec o mb .
approach, individuals have the unique ability to describe, clarify and interpret their
experiences, as they are lived and constituted in awareness, and tefireseto

themselves (Cohen et al., 2007; Polkinghorne, 2005). In the mathematics classroom,
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for example, students can describe their understanding of the teaching they
experience. The main limitation of interpretive research is the lack of shared
conceptal frameworks and designs (Borko et al., 2007). This makes it difficult to

combinefindings and make comparisons across studies, even when studies of similar

experience are involved.

In this study, the term qualitative research encompasses aspects obhotiistic
and interpretive inquiries. The focus is on collecting data in natural settings (i.e.
mat hematics c¢cl assrooms), and interpreting

students' and my) experiences and actions.

Research that focuses on mata | settings, interpretation
interactions in social contexts, and in which the practitioner is the researcher, is often

termed practitioner research.
4.2.2 Practitioner research

In this study, the termractitioner researchs used in its most general sense to refer

to fAthe array of educational genres wher
professional context I's the research site
(CochranSmith & Donnell, 2006, p503). It t&kes practitioner research as systematic

enquiry in an educational setting, done by someone working in that setting, the
findings of which are made available to other stakeholders (Menter, Elliot, Hulme,

Lewin, & Lowden, 2011). Practitioner research ofteccaammodates an
understanding of how researchers are pra
i nvestigateo (Brown, 20 O0-@9earchevhaeaseenastae i r ac
essential part of the situation being described (e.g. Adler, 1993; Bi®94 Schon,

1983) Practice is examined from inside, by the teacher, with the knowledge
generated primarily to understand and 1|1 mp
local context (Borko et al.,, 2007; Pritchard, 2002). The knowledge generated,
however, can also be used beyond the local context when it is shared with the wider

community of educators and teachers.

Practitioner research has different versions and variations that emerge from different

research traditions and social movements (Daddia&, 2001; Zeichner & Noffke,
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2001). The more common forms of practitioner research in education include action
research (Carr & Kemmis, 1986; Corey, 1953; Stenhouse, 19855tsayf (Adler,

1996; Loughran, 2004, 2007; Olson, 2000), teacher reseanctie(gon & Herr,
1999; Cochrarbmith & Lytle, 1999), the scholarship of teaching and learning
(Boyer, 1990), and the use of practice as a site for research (C&initin &
Donnell, 2006; Shulman, 2000).

Despite the variation among various versions of tirager research, important
features are shared by all versions. These include that practitioner is the researcher,
the professional context is site of the study, blurred boundaries between research and

practice, and intentionality and systematicity. Thase described next.
Practitioner as the researchethe professional site as the research site

In all versions of practitioner research, the main defining feature is that the
practitioner is simultaneously the researcher (Menter et al., 2011). Also, across all
variations of practitioner research, the
inquiry (Borko et al., 2007). The focus of investigation is problems and issues that
arise from the professional practice (Bartlett & Burton, 2006), not from a study of
literature, as often is the case in traditional research on teaching and learnimg). In t

study, | am teacher and the researcher, and my mathematics classrooms are both the
professional context and the natural setting for the study.

Boundaries between research and practice

Since the practitioner is simultaneously a researcher, and tfesgiomal context is

the site for inquiry, the boundaries between research and practice are often unclear
(CochranSmith & Lytle, 2004; Hargreaves, 1996), creating vital opportunities for
reflection on and improvement of the practice of mathematics tepcktnen a
mathematics teacher engages in teacher research estusblf for example, the
distinction between mathematics teaching and research becomes vague and
opportunities for reflecting on and improving teaching practice arise as part of both
researchand teaching (Ball, 1995; Cochr&mith & Lytle, 2009). Blurred
boundaries between teaching and research make it possible for practitioners to

Aconstruct t heir own questions, interroga
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continuously reevaluate whéter a particular solution or interpretation is working
and find anot her-Snith & Donnell, 2006npkb10d Blfrrdg af h r a n
boundaries and changed roles can have the potential to produce innovative research,

as well as new kinds of mathemali&knowledge (Borko et al., 2007).
Intentionality and systematicity

All variations of practitioner research share the featuresntentionality and
systematicityf{Borko et al., 2007; Cochraimith & Lytle, 2004). Intentionality refers

to the planned ahdeliberate nature of practitioner research, while systematicity is

used to refer to organized ways of collecting data, keeping records of experiences and
events inside and outside the context of practice, and analysing the data that has been
gathered andecorded. Practitioner researchers intentionally focus on a research
guestion of concern associated with their practice (Lankshear & Knobel, 2005). In
addition to documenting studentsd | earnin
document their owrieaching and learning. They record their planning, evaluation
processes, their questions, interpretative frameworks, change in their views over time,

issues they see as predicaments, and recurring themes.

Although for many years teachers have engagedarcpt i t i oner resear ch
their teaching and learning, to develop and refine their practice, innovate and evaluate
their teachingd (Campbelll & Jacques, 2003,

there has been criticism of this research apprdacs gener al qual i ty.
Criticisms of practitioner research

Although it has gained a measure of acceptance and standing over the last quarter
century, some critics argue that there are epistemological and methodological
problems associated with practitioner research (Bartlett & Burton, 2006). Common
criticisms fows on the methods, the science, the political, and the personal or
professional aspects (Cochfr@mith & Lytle, 2004). Practitioner research is
criticized on the grounds of knowledge generation and use, validity and
generalizability, and appropriateness i#searcher roles and sites of research
(CochranSmith & Donnell, 2006).
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Criticism concerning knowledge generation and use oppose the idea that practitioner
research is developing a form of research that contributes to a new epistemology of
practice thats governed by different criteria and epistemological traditions (Cochran

Smith & Lytle, 2004). They challenge, on methodological grounds, the view that
practitioner researchers have the skill, or the analytic ability to do research about their

own practie or in their own professional context. Critics belonging to this camp
challenge the possibility that the practitioner can function effectively as the researcher

in their professional setting. They argue that practitioner researchers are not equipped

with essential basic knowledge, skills or understanding of research methodology to be

able to conduct research of any significant value (Bartlett & Burton, 2006). Critics
maintain that practitioner research ignores the importance of the experience and
expertse of the researcher on the outcome of the research process. In addition, the

critics question the practitionere sear cher 6s abil ity to sati
gualitative research and Atranscend the s
Smith & Donnell, 2006, p. 513). Like the critics who question practitioner research

on the grounds of knowledge generation, those opposed to its methods of knowledge
generation assume that practitionesearchers are bound by the same
methodological criteria as ¢se of more traditional research, and so are not engaged

in the emergence of a new genre of research (Co@math & Donnell, 2006).

Regarding validity and generalizability, some critics claim that practitioner research
is idiosyncratic and that educatial research needs to synthesize findings across
settings rather than analyse findings from a single classroom, course or program
(Anderson & Herr, 1999). These critics argue that since large samples, uniform
procedures, crossite comparisons, controlijnand testing for the impact of specific
variables, and a focus on educational outcomes are absent in practitioner research,
this approach fails to meet the requirements of research, particularly the property of

rigour.

Critics concerned with practitionere s ear chés purpose and ends
ideological bases, condemn it for being too political, instead of being apolitical,

neutral, norideological, and valufree (Cochrarbmith & Donnell, 2006). They

charge practitioner research with beirdy@acacy, activism, or political manipulation

by disenfranchised individuals rather than research. The critics focusing on personal
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or professional development aspects view practitioner research as a vehicle for

i ndi vidual sd per s o meart rather thgnra smbde of krnowledgel deve
generation or critical praxis (Anderson & Herr, 1999). Critics often challenge the
apparent equating of t he teacher s expe
Practitionefresearchers are criticized for being too perkanahat they focus on the

person in an egoentred sense (Bartlett & Burton, 2006). Critics argue that research

should be more than seliscovery. It should include tangible evidence that
problematic issues of teaching and learning have been tackiadipi. In short, the

criticism of practitioner research is essentially tied to questions about what counts as
knowledge, evidence, effectiveness, and research. Despite these criticisms and
limitations, practitioner researcher was considered viable ferdhidy because in

addition to its strengths discussed earlier in this section, its data collection methods
enable the answering of my research question. The next section discusses data

collection methods in practitioner research.
4.2.3 Data collection nt@ods in practitioner research

This section discusses the main data collection methods in practitioner research that
have relevance to this study. In practitioner research, several data collection methods
are typically used in conjunction with each otheorder to produce a thorough and
rigorous piece of research (Burton & Bartlett, 2005; Denzin & Lincoln, 2005; Drew

et al., 2008). These methods are attdjming classroom dialogue, journaling

experiences, interviews, and the collectio
Audiotaping classroom dialogue

Audio-taping classroom dialogue is one of the common methods of collecting data in
practitioner research (Burton & Bartlett, 2005). Practitienesearchers use audio

tapes to record group discussions and other classadtitars, student and teacher
presentations, and their talk with students. Audiging generates data by capturing
contextualized spoken data (Creswell, 2009). Mathematical activity and classroom

talk, for example, can be audiaped or videdaped as thewnfold in the context

being studied. Audib ape can preserve fAthe compl exit\
the interactions, activities and language uses that take place during the course of the
event o (Lankshear & Knobellsand edis whife. 195)
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the practitioner researcher goes about the business of teaching the students as usual.
The practitioner researcher must, however, be aware of the limitations of audio
taping. For example, sometimes it may be impossible to recordllalthi takes

place in the classroom because of the size of the room. Another disadvantage is that
transcribing audigaped data is timeonsuming and the researcher needs to allow
time for this (Drew et al., 2008). For these reasons, the use of moreribatata
collection method is highly recommended. Journaling is an often used method in

practitioner research.

Journaling

Journaling belongs to the category of documents that are commonly used in
qualitative practitioner research as a source of datatarigalf (Anderson, Herr &
Nihlen, 2007). It is an intentional, quiet, reflective, human action that is contextually
situated (YorkBarr, Sommers, Ghere, & Montie, 2001). The three key features of
journaling are that it is socially and contextually siqght records intentional
reflective human actions, and engages participants in interrogating aspects of teaching
and learning by documenting experience (Lyons & LaBoskey, 2002). Journals can
include such items as date and time, a short description of ssdepjwith details of
important aspects of the event), and an analysis (Bark et al.,, 2001). The

significance and implications of what happened may be included.

Journaling is focused on trying to represent and understand educational experience
(Clandnin & Connelly, 2000). It is intended to produce a sequence of writing or
journal entries that tell a story of what is going on in a particular context (Brown,
2003; Lyons & LaBoskey, 2002). A sequence of journal entries captures the
experience of the reaech process in a tangible way (Brqw200J), acting as a
narrative technique and recording events or experiences, observations, thoughts,
questions, interpretations and feelings that have significance to the practitioner
researcher (Anderson et al., 200[)is a research tool that can be used to capture

reflections and encounters (Creswell, 2008).

Journaling does not only involve an account, history, or narration of a story; rather it
is related to knowing and knowledge construction. Journaling cditatecia kind of
reflection that is ordinarily difficult to carry out (Mattingly, 1991). Journaling while
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reflecting may provoke a powerful consideration of the ordinarily tacit body of the
constructs that inform practice. Since journaling and interprefiagments of
experience are interlinked, descriptions of events and analyses or interpretations of

incidents can be interwoven.
Advantages and limitation of journaling

Journaling has both strengths and limitations. One of the advantages of keeping

journal entries is that they can beread many times over (Lyons & LaBoskey,

2002). Journal entries can help a researcher to recall thoughts and experiences at

di fferent times of the research period. TI
or experimce stil]l for reflectiond (Go-d dsmith
solving strategies that worked in the past, and were documented as journal entries,

can be used as references and analogies when dealing with current problems.

Journaling allows the pcéitionerresearcher to enter into dialogue with the self. The
practitionerresearcher can focus on (1) interactions in the classroom that require
reflection, (2) evaluative comments, and (3) the way forward (Borg, 2001; 2006).
Another advantage is thahrough journaling, practitionaesearchers (1) articulate

and rationalise concerns; explore situations, (2) acknowledge, express, and examine
feelings, (3) describe classroom events and procedures, (4) formulate plans and
decide actions, (5) describe agdaluate progress (or lack of it), (6) capture, explore
and pursue ideas, and (7) structure thoughts. Journals allow the practitioner
researcher to undertake critical reflection upon practice, particularly the close
relationship between the professionaldapersonal (Littlewood, 1995). Journaling
allows practitioneresearchers to document what actually happened, their opinion
about the event, and the way forward. They can include both professional and

personal aspects of classroom life.

Productionofjou nal s can | ead to expanding awar ene
and understanding of changed practices, making connections between theory and
practice, and formation of new hypotheses for action (Bak et al., 2001). A

journal can inform the teaehresearcher about changing thoughts and new ideas. It

provides a rich source of data on the daily occurrences of a classroom (Anderson et
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al., 2007). The teacher can use a journal as a reflective tool in examininer his

teaching or documenting hierthinking on certain student(s) or issues.

Journaling highlights the importance of meaning, and the knowledge of situations,
contexts and particulars of a specific group of students, of the school, and so on,

rather than contextee and universal rules abt teaching (Lyons & LaBoskey,

2002). It seeks the meaning of experience, rather than the narrow epistemological
question of how to know the truth. In journaling, the teachers e ar cher 6 s know
is made conscious, public, and open to scrutiny byakearcher and others. Life in

the classroom is tested and refined over time.

In the mathematics classroom, the teacher\cainthe student may construct

knowledge through journaling classroom experience. A journal encourages the
teacher andr students to describe, interpret and reflect. It offers private space for an
individual to honestly recount and review experience. This means that the data is
reasonably credible. At the same time, it makes invisible thoughts visible and helps
clarify the | our nadseanch&rscantuseianokrnahtg documentt e a ¢ h
particular event®r to monitor strategies or activities that worked well for students,

and those that were less successful during a lesson and reflect on them with a view to

improving practice.

Brown (2003) contends that practitioners who research their classrooms effect
changes through their actions in the classroom itself, by generatiitog

commenting on their classroom practice. Journaling provides the taaskearcher

with a means of describing experience or practice as well as a way of identifying and
clarifying beliefs, perspectives, challenges, and wishes for practice ®amket al.,

2001). Through journaling, the practitione
highlysefc onsci ous way. The practitioneroés des
the potential to effect changes in the reality attended to by the practitioner. The

writing that is produced can be seen as responding to past actions as well as guiding

future action. In describing Rfser classroom, the practitioner affects the waghne

sees it, thus the way Ysbe acts in it and the way\Bbe subsequently describes it. In

engaging in this cyclic process, the teaetesearcher passes through a sequence of
perspectives, each susceptible to a variety of later interpretations.
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Journal da has the advantage of being ready for analysis without the need for
transcription. The teachere sear cher 0s writing can be pr
journal entries can be scrutinized as an integral aspect of practice and instrumental in

the process of prtitionerled change (Borg, 2001; Brown, 2003).

In practitioner research, it is the teachesearcher who generates the sequence of
pieces of data that becomes the researcher
meaning of the research enquiry isuaction of how the different pieces of writing

are seen as interrelating, the process of building a research enquiry is closely linked

with the process of generating pieces of writing. Absolute meaning is not sought;

rather meanings or themes evolve aws/rcontributions are introduced. The teaeher
researchero6s analysis of pieces of writing
and an approach to unite thinking with action through reflection (Brown, 2003).

Writing provides a tangible product thatadtes the researcher to account for the

reality to which h&she attends.

The main limitation of journaling is that it is tir®@nsuming, requires skill, effort

and commitment on the part of the practitioner researcher to give meaning to the
applicability of experience in the development of professional knowledge (Harris,

2008; Scanlan & Chernomas, 1997). Another disadvantage with journals is that, if
they are not the researcher 6s \opabtain.ital s, tF
may also take tim and someti mes be expensive to

information.
How practitionerresearchers use journal extracts

Practitioner researchers generate journal extracts through writing and reflection and
present them as data (Borg, 2001; Dan#e&adotHoppey, 2009; Mertler, 2012). By
presenting journal extracts, practitioner researchers provide a record of events
(actions and dialogues) or incidents, remarks, documented existing thoughts and ideas
generated and explored, and discoveries madas,Tpractitioneresearchers use
journal extracts to provide documentation of information related to the practitioner

researcherds experiences (Borg, 2006) .
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In practitioner research, journal extracts combine the objective and subjective aspects

of daily experiences. The extracts can be used to report on both objective data (record

of information) and personal interpretations and expressions of experiences, as well

as intentional, personal and professional reflections, analysis, and planning and
evaluation (Holly, 1989). Objective aspects are concerned with what actually
happened who said what and the actions involved, while subjective aspects deal

with the practitioner esear cher 06s refl ections at the t]

Practitionefresearchers preasejournal extracts (product) as evidence which provides
a record of the researcherds personal exp
journal extracts provide an fAevidenti al S |

the practitionefrresearcher fointerpretive and analytic purposes.

Not only do practitioner researchers present journal extracts, they reflect on them
(e.g. Borg, 2001; Sakui & Gaies, 2003). Practitioresearchers analyse journal
extracts to get the bigger meaning of student aadhter actions. They present and
analyse student behaviour, their actions, and their thoughts contained in journal

extracts and presented as data.

In practitioner research, journaling is usually complemented by other data collection

methods, such as inteewing.
Interviewing

Interviewing is one of the most commonly used data collection methods in
practitioner research (Tashakkori & Teddlie, 1998). A research interview is a
dialogue aimed at eliciting information or opinions and understandings, from the
participants, Afon a certain topic or topi
2011, p. 127). Interviews are, however;abmtextualized in that the focus of the

activity is the interview itself, rather than the everyday life that occurs on s&entom

by-moment basis that prevails, for example, in the mathematics classroom.

Interview data is generated deliberately and systematically by the researcher (Menter
et al., 2011). Depending on purpose of the interview, the questions can be structured,
semistructured, or opee n d e d . The researcherdéds famil.:

about the exploratory or confirmatory nature of the study determines the structure of
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the interview questions. Important aspects in interviews are establishing trust ,
maintaininga relaxed manner, asking clear questions,-takimg, appropriate use of
follow-up question or probes, and keeping track of responses (Cohen et al., 2000;
Polkinghorne, 2005). When designing an interview, the relationship between the
research, the inteiew protocol and the respondents should always be kept in mind

(Creswell, 2009). Although participants will inevitably have preconceptions about

any researcher, practitionere s ear cher s fAmust not publicis
their research topic, n@ront ri bute their own stories in
13).

A variety of methods can be used to record interview data. One way is to take copious
notes. The advantage of naéking over tapeecording is that it is less obtrusive. In
spite of bemg obtrusive, audibapes are a common method of capturing interview
data (Lankshear & Knobel, 2005). They are accurate and indisputable, but, this
method can be intimidating to some respondents. Since voices can be recognized
there is a need to assurepesdents that tapes will be destroyed when the study is
finished. Respondents should be made aware of the purpose of the interview, and
given assurances of confidentiality (Creswell, 2009). If confidentiality (with respect
to the researcher) is not possiblrespondents should be made aware, and their
permission to go ahead with the interview sought. It is also necessary that
respondents feel confident that the researcher will not distort the information they

provide.
Advantages and disadvantages of therview

One of the advantages of using the interview is that it has the potential to provide the
researcher with direct access to what the participant thinks (Tuckman, 1999), and
hence capture interpretations directly from the participants themselves \ghd

with care and skill, an interview can be a rich source of qualitative data (Anderson,

1990; Drew et al.,, 2008). Another advantage is that an interview is flexible
(Creswell, 2009; Menter et al., 2011). The interactive nature of an interview allows

the researcher to adapt the questions to
control over the line of questioning. An interview can be detailed in order to

accommodate the information that is required, giving interviews the potential to
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provide grater depth of information. In an interview, personal perspectives of the
respondent are provided, and meanings and feelings can be quite detailed. It is
possible to get the participantsd actual
research (Andeom et al., 2007). Clarification of questions is possible, and the
practitioner researcher has the opportunity to probe what is being said by the
participant by asking for clarifications and/or examples of vague or unclear
statements. By using an intervietyst and good rapport with students can be built,
making it possible to obtain information that participants would probably not have
revealed in class or by other data collection methods. Interviews can contain surprises

that may enrich the study.

Through interviews, the practitioneesearcher is able to discover experiences that

may have taken place in studentso |ives wi
of mathematics in the present (Cohen & Manion, 1997; Cohen et al., 2007). The
researcher cause this knowledge and information to test hypotheses or to suggest

new ones. Mason (2002) contends that one of the purposes of using interviews is for
searching for theoriem-action in which students display behaviours that suggest, or

are consistenwith, the theories the researcher already knows.

The practitioneresearcher must be aware of the limitations or disadvantages
associated with the interview method (Drew et al., 2008). The researcher can then
plan strategies aimed at minimizing or elimiimg them. One of the disadvantages of
the using interviews is that interviews can be very expensive if extensive travel is
involved. Another disadvantage is that interviews can be time consuming in terms of
travel time and time required for transcribiaigd interpreting information (Anderson

et al., 2007; Tashakkori & Teddlie, 1998). Interviews require great skill and expertise
of the interviewer. One other limitation of the interview method is that the
researcher s pr esence sasflyesweli, 2089). Anotheeis vi e we ¢
that people, particularly second language speakers of the language in which the
interview is being conducted, are not equally articulate and perceptive. This situation
can adversely affect the quality of data collected bierviewing participants.
Another limitation is that the information gathered through an interview is filtered

through the views of the interviewee. So, it may not be accurate. An interview is
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susceptible to manipulation by the respondent, which can iastollecting false or

distorted information, which, in turn leads to false findings and conclusions.

Practitionefresearchers often want to augment spoken or observed data with written
responses from participants. One of the ways of achievingtlosisu s e par ti ci pa

written work.
Student sdé work

Studentsod texts or written work can be us
Somekh, 2008; Lankshear & Knobel, 2005) . :
of documents and artefacts. It is a natyraltcurring form of data that can be very

powerful (Dana & Yendebi | v a, 2003) . Systematically ¢
provides the researcher with the opportuni
di fferent ways. By e xaaperiodhdf img, the practitienert s 6 wo i
researcher can make claims that could not be made by viewing a single piece of
student work in isolation. While collectir
context in which it was produced (Burton & Bartlett, 3D0

Document s, Il ncluding studentso6é work, can
involved (e.g. teacher and students). In the mathematics classroom, the teacher can,

for example, ask why a student decided to use a certain strategy to solve a particular
probl em. Studentsdé work or document s can
observation or Ait may provide useful cont
researcher has found through questionnair
Bartlett, 2005p. 162).

To sum up, the main data collection methods in practitioner research that are relevant
to this study are auditaping classroom dialogue, journaling, interviews with groups
of student s, and coll ecting steemextmaprudent s ¢

step in practitioner research is data analysis.
4.2.4 Data analysis in practitioner research

In practitioner research, data analysis tends to move through at least four main steps

(Creswell, 2009; Dana & Yenddilva, 2003): description, ensemaking,
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interpretation, and implication drawing. The steps are interactive and interrelated.
After assembling all data (audivideotapes, student work, personal journals,
interviews, etc.), and having reread the research question, the first stigiain
analysis involves reading and rereading the data set with the intention of developing a
descriptive sensédiderson et al., 200Holly, Arhar & Kasten, 2005). Developing a
descriptive sense requires the practitiorgsearcher to be able to descntdeat he or

she noticed during the inquiry, what was happening, and their initial impressions or

insights into the data.

The second step is to look for parts (Holly et al., 2005). This step can be referred to as
sensemaking (Dana & YendeSilva, 2003). Te practitioneresearcher reads to
make sense of the data, and gain an understanding of what is happening. The
researcher identifies and organizes units (e.g. issues, strategies, episodes) of analysis
that emerge from the data. Semsaking units may leatb a process of putting ideas
together, or grouping or sorting data by categories (e.g. ideas, issues, themes, or
dilemmas) (Holly et al., 2005). To support sens&king, data is codedCoding
involves detailed analysis (Creswell, 2009) or constantly mvagc comparing, and
contrasting pieces of data and subsequently categorizing them (Dana & -Géreol

2003). While categorizing data, the practitioner researcher also engageming

That is, writing notes in the margin of data commenting on meaoingoded
category, explaining patterns developing among categoriefratheiscribing some
aspect of a phenomenon. As findings emerge, the researcher may regroup, name,
expand or condense, combine the original organizing units or categories (Anderson et

al., 2007). So, categories are subject to change during data analysis.

The third step involves getting a general idea of the important units of data and an

idea of the emerging story: the interpretive stage of data analysis (Dana & ¥endol

Silva, 2003). Inthis step, the researcher constructs statements that express what the
researcher has learned and what that learning means (Creswell, 2009). This can be
done by examining the patterns and asking questions such as What is happening in
each pattern and acropatterns? What was my initial wondering and how do the
patterns inform it? How are the patterns
How do patterns relate to each other? Unlike the second step that focused on taking

things apart, this step inwa@s synthesis or a process of combining parts to make a
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whole (Holly et al., 2005). Findings in the interpretive step can be illustrated in a
number of ways: themes, patterns, categories, labels, naming, claims or assertions, or

vignettes.

After the interpretive step comes the implications phase of data analysis. In this final

step of data analysis, the practitioner researcher asks and answers questions
articulating implications or So what? In practitioner research, interpretation of data

tends to involve stating the larger meaning of findings (Creswell, 2008). The results

may include themes or broad categories that represent findings. A rich, complex

picture emerges from the description and identification of themes. The researcher
enunciateswhat sh&e has learned concerning self, students, larger context of
professional site, and the implications of
practice. I n addition, the researcheros

practice are spebut.

Data analysis is inductive; that is, involves moving from particular or detailed data
(field notes, journal entries, interviews) to general codes and themes. The first step in
data analysis is to assemble all data (field notes, journal entri9samdctranscribe

any audio anar video tapes. Then, the practitioner researcher reads the data to get a
descriptive sense of the material. Next, the researcher engages irmsdinsg
through reading and memoing, and coding into categories and thereags€archer

then describes patterns and themes from the perspective of the participant(s), before
interpreting them. In the final step, the researcher articulates implications of the
findings.

As with all research, practitioner research is not exempt &thical issues, but rather

it is bound by particular ethical issues which need to be addressed.

4.2.5 Ethical issues in practitioner research

There are ethical issues when practitioners study their own work (CeShriin &
Donnell, 2006). The resedrer must address these before embarking upon an inquiry,
and also take them into account during the inquiry (Anderson et al.; BO@on &
Bartlett, 200%. The researcher must not only anticipate ethical conundrums, but be
committed to addressing themtbdoefore the research begins and as they arise. As
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the research develops, the teaefesmearcher must assume that\she will
continuously make ethical decisions. It is equally important to think of ways to
minimize any ethical dilemmas that may be fa@sda researcher. The teacher
researcher must consider ethical issues to do with informed consent of those
involved, deception, confidentiality and anonymity of participants, consideration of

possible harm, conflict of interest, and access to findings ¢Bu#tBartlett, 2005).

Informed consent of those involved

The researcher must seek informed consent of all participants before the research
takes place (Burton & Bartlett, 2005). Consent of management and colleagues
involved is important. Sometimes seekimgnsent of parents and students is
appropriate. The practitioneesearcher has an obligation to ensure that each
participant has a complete understanding of the purpose and methods used in the
study, the risks involved, and the demands of the study ([@teal., 2008). The
purpose of the research and procedures must be clearly explained to potential
participants, in the language that is understandable to prospective participants. How
much participants are to be involved in the research needs to be ceddigethe
researcher, and enough information regardi
in it, must be revealed to prospective participants. Voluntary consent is important but
this may be compromised if potential participants feel coerced to leepar of the
research (Anderson et al., 2007) and so coercion must be avoided by the researcher
(see Appendices A & C)Participants need to know that they may voluntarily
withdraw from the study at any time during the research process.

Deception

A pracitioner researcher should avoid deception or deliberately misleading
participants into giving their consent to participate, or at any other time during the
research period (Drew et al., 2008; Lankshear & Knobel, 2005). He or she should
always be honest amapen with the participants. @ite relationships between the
teacher and the students may change once the teacher changes role from teacher to
teacherresearcher (Anderson et al., 2007). Therefore the teaebearcher needs to
consider how open they k®athe research process without influencing the behaviours

of the participants (Burton & Bartlett, 2005). Besides being morally wrong, deception
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can prove counterproductive in the long run. Burton and Bartlett claim that much of
the research done by teache their classrooms has benefited from being open and

from involving other people.
Confidentiality and anonymity of those involved

Confidentiality refers to keeping the identity of a respondent from being known by
any person other than the researdigew et al., 2008) and ensuring the anonymity

of those taking part in the research (Burton & Bartlett, 2005; Anderson et al., 2007)
because participants are likely to feel more at ease when assured that they will remain
masked as much as possible in agyart that results from the study (Lankshear &
Knobel, 2005). In addition, the practitiorersearcher must guarantee confidentiality

of data collectedsee Appendix D) The researcher must explain how the records
relating to the research will be kept confidential. This further puts participants at ease.
Participants should be given the names and contact details of people to whom
guestions andr concerns could be direct, immediately or later.

Consideration of possible harm

The researcher must anticipate possible effects of or harm from carrying out the
research on those involved, both in terms of the actual research process and any
future actions that may result frothe study, and work towards minimizing it
(Anderson et al., 2007; Burton & Bartlett, 2005; Lankshear & Knobel, 2005). All
participants need protection from exploitation or exposure to risks associated with
participation in the research. Possible harm @dad physical, psychological, legal,
social, or economic. The researcher must describe physical, emotional or any other
risks that may occur as a result of participating in the research (Drew et al., 2008). In
the mathematics classroom, the practitioneusth ensure that the audio recorder or
video camera does not interfere with stud
must avoid instances where students participating in the research have preferential

treatment or vice versa.
Conflict of interest

The practitionefresearcher must be aware of the possible conflict of interest that may

arise due to the dual role of researcher and teacher (Lankshear & Knobel, 2005). The
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teacherresearcher needs to carry out their normal duties of teaching as if acchese

were taking place. The researcher must not usledniposition as teacher to coerce or
manipulate students. At no time should students feel coerced by their teacher into
participating in the study or manipulated to respond or act in certain waysg dioe

course of the study (Burton & Bartlett, 2005). The teachsearcher needs to be
aware that power relations between them as teacher and the participating students
may have effects on the interview responses. Students may produce responses that
theyfeel will please the researcher as teacher or act in ways they think the researcher
wants them to act. So, lack of careful attention to the effects of the teacher as an

authority in the classroom may render findings of the study invalid.
Access to findigs

The final research report should be presented to the participants or made accessible to
them (Burton & Bartlett, 2005). It is the responsibility of the practitieesearcher

to make the findings of the research known by participants. In this stueyinti

report will be in the university library to enable access to it by all participants and

others.

Other key issues in practitioner research are trustworthiness and generalizability.

They are discussed next.
4.2.6 Trustworthiness and generalizability practitioner research

This section discusses trustworthiness and generalizability in practitioner research.
Some of the strategies for establishing trustworthiness are identified and discussed,
briefly.

Trustworthiness

Trustworthiness and validityare used to describe the quality of findings for
qualitative and quantitative academic research, respectively (Anderson et al., 2007;
CochranSmith & Lytle, 2009). Qualitative researchers favour trustworthiness instead
of internal and external validity wth is preferred by quantitative researchers. The
notion of validity in quantitative research is similar to trustworthiness in practitioner
research (Anderson et al., 2007; Lincoln & Guba, 1990; Zeichner & Noffke, 2001). In
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all forms of qualitative researclpractitioner research included, trustworthiness is
based on fidetermining whether the finding
researcher, the participant, or the reade
The authority of practitioner resh can be judged by four general criteria:
plausibility, credibility, relevance and importance of the topic. In practitioner
research, the termalid should be seen in its usual meaning of wetlunded and

supportable.
Strategies with which to establistustworthiness

To achieve trustworthiness, practitionesearchers engage in one or more strategies.
These can include the use of thick descriptions of the process of data collection and
analysis, member checking, clarifying the bias the researchet brigly to the study
(Creswell, 2008; Lincoln & Guba, 1985). Other strategies to attain trustworthiness in
practitioner research are the use of negative cases, prolonged engagement in data
gathering or field experience, triangulation, and peer reviewstikge1991; Morse,

Barrett, Maya, Olson, & Spiers, 2002; Tashakkori & Teddlie, 1998). The main
research methods, such as observation and interview, complement each other and

help to increase the trustworthiness in practitioner research.

In order to ensure trustworthiness of the study, a practiti@serarcher can useick

or rich descriptiongo convey findings (Drew et al., 2005; Creswell, 2009). Detailed,
accurate, vivid descriptions of the setting, participants, interactions, proicdssa
collection and analysis, for example, make the results become more realistic and rich,

giving rise to the trustworthiness of the study.

Another strategy to improve trustworthiness of the study invalvesber checking

to verify the accuracy ofhe findings (Anderson et al., 2007; Richards, 2009;
Tashakkori, 1998). Member checking is done by taking the research report or specific
descriptions or themes to the participants so that they verify the accuracy of the
account. Only parts of the reportich as themes or descriptions, not raw transcripts,
are checked for accuracy by the participants (Creswell, 2009). This process may
trigger follow up interview with participants to provide opportunity for them to make
comments about the findings. This adtiincreases trustworthiness of research
findings.
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The strategy o€larifying the practitioner e sear cher 6 s bicanshe and as
used to increase trustworthiness of findings (Creswell, 2008). The credibility of
practitioner research requires asswges that the researcher articulatetharsrole or

position in the research and reflects on his biases, values, experiences and
assumptions. The researcher needs to declare these personal and intellectual
characteristics in the research, and discuss they may affect data collection and

analysis. By doing this, trustworthiness can be increased.

To increase the trustworthiness of the study, a practiti@ssarcher can present

negative or discrepant informatiothat contradicts the themes (CreswelQ0g;

Tashakkori & Teddlie, 1998). Since real life involves perspectives that do not always

agree or come together to form a perfect whole or system, discussing contradicting
information may improve the credibility of the research report. A practitioner
reearcher can build up a case for the them
realistic and trustworthy by presenting information that contradicts general

perspective of the theme (Creswell, 2008).

Prolonged engagemenin data gathering is another agy for increasing
trustworthiness of research findings (Anderson et al., 2007; Creswell, 2009; Drew et

al., 2005). Long periods of data collection allow the researcher sufficient time to
capture important events and details of different situations amibioations. These

extended periods help to minimize distortions of findings that may occur when
insufficient time for data collection is allowed (Lincoln & Guba, 1985). Prolonged
engagements help to prevent unrepresentative events getting unwarramtgonatte

and significance in data analysis and findings. This action may enhance the
researcher ds deeper understanding of t he
possible to convey details about the sit
credibility to thefindings. The longer the experience and time spent by the researcher

in the natural setting, the more likely that the findings will be accurate and credible.

Trustworthiness in practitioner research is reinforcedriaygulation Triangulation

is a proess of using a variety of different sources, collection methods, or perspectives
to check the consistency or accuracy of research findings (Altrichter et al., 2008;
Anderson et al., 2007; Drew et al., 2008). So, to ensure trustworthiness, a
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practitionefresearcher can seek data from a variety of sources, using different data
collection methods, and possibly different perspectives (Menter et al., 2011; van Zee,

2005). A practitioneresearcher can use the multiple data sources to give greater

depth to the aadysis, corroborating findings, or leading to discussion of variation in

findings (Creswell, 2008). What is needed in triangulation is not a combination of
different kinds of datpers¢ r at her an attempt to relate
suchawayss to counteract various possible tF
Bartlett, 2005, p. 28) of analysis. Thick, rich, and supportive data from various
sources help to increase the likelihood that the practitissarcher will be able to

create a crediblelescription and analysis of results, and a trustworthy account of

findings.

Another strategy to enhance the accuracy of the study, and hence, trustworthiness of

the findings involves the use pker review(Creswell, 2008; Tashakkori & Teddlie,

1998) Quality and rigour can be achieved in practitioner research if the researcher
considers hiwer work as belonging to the community and makes it available for

public scrutiny and critique (Borko et al., 2007). Making work available for public
examinatonspports the i mprovement of the resea
chances that the work will become useful to other mathematics educators. Borko et

al. suggest that trustworthiness can be achieved by subjecting the praetitioner
resear cher 0scrutinyeand oitigse by colleagues in the field. The
researcher should seek to see fAbeyond sel
practitioner research becomes useful and credible if the research work becomes

public property and available for scmyi by others. Also, in seltudy, a form of
practitioner research, At iI's widely ack
i ndi vidual | est it become simply rational
genuinely grappling with the contradictions invedl in improving practice by better
understanding per s o-8naith & Boxnele 2006e m5dB.dPeet Co c hr |
reviewers appraise and ask questions about the study. This action is used to determine
whether the account resonates with people otherttiearesearcher. Interpretation of

the research account beyond the practitiorsearcher adds to the trustworthiness of

the study.
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Generalizability

Practitioner research, like other forms of qualitative research, does not aim to
generalize from one sety to the next, but to understand a specific situation
(Pritchard, 2002), and to promote professional development of the participant (Elliott,
1991). Attention is on the local setting and unique context, rather than on
generalizing the findings. Generaltions sought are not the lateral mould of being
across rather they are vertical (Corey, 1953).

Since practitioner research is concerned with guiding-wselerstanding of a

particular population through the dynamics of its own changes into its owr,futur
generalizations are Aonly meaningful rel a:
occuro (Huberman 1996, p. 132). In practit
the reader (Brown, 2001; Mason, 2002). The practitioesearcher is interested i

whether the research makes sense or is credible, rather than whether what was
measured fits well with what was initially asked (validity). Rather than being
replicated in other settings, practitioner research can be extended if others test it in
therowmn settings (Lyons & LaBoskey, 2002). P
its relatability to similar situationso (|
p. 398). In view of the fact thajualitative methods are appropriate for researchers

seeking to understand how people make sense of their surroundings and the
circumstances that shape their lives, that is, their cultural context (Denzin & Lincoln,

2005), the main features of practitioner research make it generalizable to theory,

rather tharto different research populations (Drew et al., 2008).

The issues about methodology and methods | have discussed so far relate to
practitioner research in general. They helped me to better understand how qualitative
research is done, and to think aboutvhibest | could examine my own practice.
Furthermore, a close look at these issues assisted me to think about ways | could use
to investigate the constitution of classroom norms and mathematics practices in this
study. | became aware that, to be able tan@re my practice in a systematic and

coherent manner, | needed to identify a research design for this study.
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4.3 Research design for this study

This section describes practitioner research design, data collection methods and
thematicdata analysis for this study. In addition, it discusses trustworthiness and
generalizability in relation to this research.

4.3.1 Practitioner research design

In qualitative research, investigations that involve the practitioner studying their own

practie are often referred to as practitioner research. Practitioner research design was
chosen for this study because it best serves the orientation of the research question. |

was simultaneously the practitioner and the researcher, so had the dual role of
teading and researching my own teaching practice. | was both an insider and an
outsider during the research period. Practitioner research design best suits this
situation. Since the investigation was abo
mathematicsdarning, it was done in my mathematics classrooms. Although some of

my students participated in this study, | was the main participant.
Focus of the study

The major focus of this study was my teacht
In view of this,the aim of this research was to investigate this teaching practice

through seHrefection and evaluation, and further develop my effectiveness as a
mathematics teacher of students whose first language of communication is not
English. In the light of thigsim, the study was guided by the following key question:

Wh a t can I do to my ‘teaching practice t
learning? My expectation was to gain new understanding of myself and my practice,

with special f ocus atios leErA®) BThesstudydaeusdédo® mat h
producing a sequence of writings (or a story) about my personal development through

the research period, in the hope that this could be of benefit to other mathematics
teachers of NESB students.

In particular, the stud was focused on the strategies that could help to enhance
NESB studentsd mathematics | earning. That
norms, sociomathematical norms and classroom mathematical practices, and the
effects of this ematicNlEaghBg. k othed wonds, ghé study t h
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was focused on how | elicited studentso i
conceptual understanding during class discussions, and extended their thinking, as

wel | as student s 0 gseedfferéentteaohsg strategiesytheanost i on s .
common being wholelass and/or smafiroup discussions in which students were
encouraged to engage in collaborative prob$miving, share ideas and solution

methods, and justify their thinking. In additionttos, | insisted that NESB students

explain and justify their solutions.

Research setting and participants

The setting for this study is two Statistics for Foundation Studies cldBlsssés 1 &

2 in semester BJuly to December, 2005) and one CalculusFoundation Studies

plus one Statistics for Foundation Studies claSkdgses 3 & 4 in semester A,
February to June, 2006) at a university in New Zeal&a).| worked with four
mathematics classes at a tertiary institutibhese paperare bridging ménematics
papers for NESB students intending to do undergraduate studies at the uniaadsity

are equivalent to year 13 mathematics papers. Statistics classes, in 2005, had 14
NESB studentsn each In 2006, the Calculus class had 18 NESB students &nd th
Statistics class had 15. Students attended fiveshone mathematics (statistics or
calculus) lessons per week. Four of the five -boer statistics lessons were
conducted in a normal classroom setting and one lesson was conducted in the
computer labor@ary where students used computers to complete the tasks. In
calculus, the teaching took place in small groups of05students per group, and all

five onehour sessions per week are taught under normal classroom conditions.
4.3.2 Data collection methodsised in this study

Data collection covered the period of one year, from July, 2005 to June, 2006, and
was done using journaling, aueiping of classroom dialogue, intervievesd

coll ection of student sé wor k.
Journaling

| kept a journal of some of the events or episodes that took place during the data
collection period. These events were to do with what | noticed, regarding my own

actions an r studentsd actions, as different |
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episales were not meant to capture the episode as such, but to record what struck me
during that event. These accounts afforded me the opportunityetatee memories

of the situation and others like it later, in order to inform my practice. The technique
of journaling was used because in addition to making my otherwise invisible thoughts
visible, conscious and open to scrutiny, journaling provided a way of describing my
practice and identifying and clarifying my beliefs, perspectives, challenges and hopes.
Jounaling helped me to clarify my thinking. Journal entries assisted me to identify
and keep track of which strategies seemed to work well for my students and which
were less successful. | used this information to help me make decisionsvalbtat

teach ad howto teach it, in later lessons. In short, the benefits of journaling included
expanding awareness, understanding, and insights about my practice.

By journaling, | could also make connections between theory and practice and
generate new hypotheses fature action. | took the role of a teachiesearcher who

reflects and acts upon the context in which he practises. In other words, | engaged in
conscious reflection and evaluation of my situation as it unfolded. More specifically,

| documented, refléed on and interpreted events that occurred during the research
period, and reflected on my actions during particular events in my mathematics

cl asses. Addi tional l vy, I refl ected on my

my mathematics classes.

In my role as practitioneresearcher, | brought about changes in my situation through
my actions in the classroom and reflection on journal entries commenting on my
practice. Descriptions of my classroom practice were meant to effect some changes to
the situdion | was in. Each journal entry was seen as a response to past action as well
as a guide to my future actionn.total, | madeforty-five journal entriesin addition

to journaling, | used auditaping as a data collection method.
Audiotaping classrom dialogue

During the data collection period, | audaped myself while teaching and later
transcribed the data and reflected on it. Mathematical activities and classroom talk
were audietaped as they unfolded in my mathematics classrooms. My aim was to
capture eveyday slicesof-life that would help to address the research questions

guiding my study. | simply switched on the tape recorder at the start of a scheduled
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lesson, then let the tape roll and record while going about the business of teaching the
students asusual. Lessons were conducted in as natural and normal context as
possible, as if it were any other day and a recording device was not operating. Audio
taping enabled me to freemme part of the event or activity as it occurred in
context, and capturihe speecln situ. This helped me to reflect and focus on what |

had said in my mathematics classrooms. Addmng multiple mathematics lessons
complemented my journal reflections and enhanced the likelihood of addressing

guestions raised in my study.

Throughout the data collection period, | was aware of the limitations of-taglitg.

For example, | knew that sometimes it was impossible to record all talk that took
place in the classroom because of the size of the room. However, because the
recorder vas attached to me, everything | said in class was recordedorded 60
classroom dialogues/discussions during the research pé&tgidg more than one
research method is highly recommended in practitioner research. So, | used various

productive ways t@bserve my practice, and one of these was interviewing.
Focus groupnterviews

| decided to use thiecus groupnterview as a tool for data collection becastelent
groupinterviews had the potential to captaréiverse range @houghts directly frm

the students themselvdsocus group interviews enabled me to learn aboeitdeas

and opinions of my students, regarding mathematics and its teaching and learning.
Interviews were servstructured (See Appendix B)used preprepared questiorns

elicit student views and opinions, and to encourage interaction among participants in
discussionSi nce the interview is flexible, | f o
information. It was possible to clarify vague statements made by students and myself.
| had the opportunity to probe what was being said by the student by asking for
clarifications and/or examples. By using an interview, trust and good rapport with
students could be built, making it possible to obtain information that students would

probablynot have revealed in class or by other data collection methods.

Through interviews | was able to discover what experiences had taken place in
studentsé | ives that may have had a beari

time of data collection. Iauld use this knowledge and information to address my key
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research question. One of the purposes of using interviews was to enable me to
search for theoriem-action in which my students displayed behaviours that
suggested, or were consistent with, theoties | already knew.

Interviews were done in groups of two, three or four students at a time. Students were
not allocated to particular groups for the interviews. They chose their own dgmnoup.
total, | interviewed 16 students in 2005. Thirteen of these were interviewed twice.
The other three only once. In Semester A, 2006, | interviewed a total of 11 students.
Two were involved in just one interview. The other nine were interviewed on two
sgparate occasions. The data from these interviews were -tap#d, and later
transcribed and subjectedttematicdata analysis. It complemented data obtained by
audiot aping classroom dial ogue, journaling,
and 4.2 klow, show the students who patrticipated in the giiatgrviews in 2005

Semester B and in 2006 Semester A.

Table 4.1 Interviews (Semester B, 2005)

Name of Student Interview Date(s)

Khoula 13/09/2005

Laila 13/09/2005 and 31/10/2005
Ahmed 13/09/2005%and 31/10/2005
Fiona 13/09/2005 and 26/10/2005
Lily 13/09/2005 and 26/10/2005
Miriam 13/09/2005

Carol 13/09/2005 and 26/10/2005
Susan 14/09/2005 and 26/10/2005
Rita 14/09/2005 and 26/10/2005
Em 15/09/2005 and 31/10/2005
Yosuke 15/09/2005 an@1/10/2005
Chen 15/09/2005 and 31/10/2005
David 15/09/2005 and 26/10/2005
Dong 15/09/2005 and 26/10/2005
Raymond 15/09/2005 and 26/10/2005
Derek 26/10/2005
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Table 4.2 Interviews (Semester A, 2006)

Name of Student Interview Date(s)

Honda 02/06/2006 and 26/06/2006
Sayuri 02/06/2006 and 26/06/2006
Najilla 02/06/2006 and 26/06/2006
Omar 02/06/2006 and 26/06/2006
Thomas 06/06/2006 and 30/06/2006
Muhannnad 02/06/2006 and 30/06/2006
Wataru 31/05/2006 and 30/06/2006
Deependra 31/05/2006and 30/06/2006
Ray 31/05/2006 and 30/06/2006
Max 06/06/2006

Yuichi 31/05/2006

The main interview questionsere the same for all groups, but follays questions

differed. Each followup question wabased oone or mor e ssttoudent s 6
the initial question. Main questions were not directed to each student but to the whole
group. Followup questions were, however, sometimes directed at particular students.

Some students, in each group volunteered to answer various questions. Ome or mo

students in a particular group could respond to the same question.
Some of the interview questions were:

1) Why do you study mathematics?

2) What problems, if any, do you have studying mathematics here in New Zealand?
3) Is there any difference tveeen the way mathematics is taught in New Zealand and

in your home country?

4) Who do you prefer to ask when you do not understand something in class? Why?
5) Who should do most of the talking/explaining in class? Is it the teacher or
students? Why?

6) Are story or word problems good for learning mathematics? Explain why?

7) What are your views about students solving mathematics problems in small groups

before discussing their solutions as a class?
Student sdé work

In this study | tsuos eriten mgrk as datad eThis cagtured e x
studentsé thinking on paper. By systemat.i

opportunity to analyse studentsd thinking
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three days during the research period, | ctdi@avork from students who participated

in the study. While collecting students' work, | noted the context in which it was
produced. As | went through their work, | documeritesl strategies students used to

solve particular mathematics problems. Sometiiniedlowed up this action, in the

next lesson, by initiating and guiding whallass discussion focusing on the

strategies that stood out in terms of uniqueness, popularity (or lack of it), being
unusual , et c. So, st udentecsdon mwlving mgoul d i
students and me. It provided insight into the life of my mathematics classrooms,

which complemented data from other collecting methods, e.g. interviewing,- audio
taping classroom dialogue. Al so, sferomet i me

journaling.

To achieve depth in my study, data were analysed in detail by metmes adticdata

analysis.
4.3.3Thematicdata analysis in this research

In order to develop an understanding of my practice and address the study research
question, | engaged in detaildtematic analysisf transcripts of audivecordings of

classroom dialogue, my journal entries, transcripts of interviews with my students

ard copies of student worRhe termthematic analysiss usedjn this studyto refer

toa qualitative analytic method for Ai dent
(themes) within datao Thé@maticdata anfalysiS methok e , 20 (
can be described asfform of patterndetectionwithin dat, where emerging themes

become the categories of analggiBereday & MuirCochrane, 2006p. 82. In this

practitioner research identified themes through careful readinglaereading of the

data (Rice & Ezzy, 1999).went beyondmerely organising and describing the data

set in (rich) detail, Interpreedthe patterns andhemesand articulated implications

of the findings The themes captured something important atieitata in relation to

the research question, and represented some level of patterned response or meaning
within the data set (Braun & Clarke, 2006).

After assembling all dataa(dio recordings oflassroom dialoguand student group
interviewsandmy journalentrieg, thematic data analysisvolved ny going through

the following interactive and interrelated phasgk) transcribing audio tapesf
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interviews and classroom da{®) readingand rereadingthe data to make sense of
the materigl (3) sene-making through reading and memoing, and systematically
coding interesting features of the data into categories and théthdsscribing first
level patterns/themes (broad categori€S) analysng and refining each first level
theme and identifying second level themes (sudategories/themes)and (6)

interpreing themes andréiculatng implicationsof the findings
Thematiadata analysis Classroom dialogue

Reading and scrutinising classroom dialogue data, | categorised it into the three major
levels of focus developed by Cobb et al. (1997, 2001) (classroom social norms,
sociomathematical norms and classroom mathematical practices) and described in
detail inChapter 3. Evidence of expectations relating to students being able to explain
and justify their thinking or contribution through clarifying or elaborating on it, for
example, was classified at the level of social norm. Evidence of expectations related
to students being able to provide explanations and justifications based on
mathematical reasons or mathematical interpretations was categorised at the level of a
sociomathematical norm. In the study, as in Cobb et al. (2001), | identified data
related to clasroom mathematical practices by discerning studement and
teachesstudent interactions concerned with specific ways of reasoning, acting and
symbolising for the mathematics topics or ideas that were my particular focus for a

lesson.

Having developedhe three broad categories, further analysis of data in each of the
three main categories led to the identification of a number ofcatdgories. For
social norms these were students volunteering to share ideas, explaining and
justifying, and asking quesns. These subategories or social norms were
distinguished by identifying the focus of a particular classroom event or episode for
classroom participation. An episode comprised a sequence of classroom interactions
on a topic, so episodes varied in ldngEpisodes whose focus was about the
expectation of students willingly sharing their thinking with others were linked to the
social norm of students volunteering to share ideas, while those focusing on
clarifying, defending and elaborating on contribusomere associated with the norm

of explaining and justifying. Episodes that were concerned with the expectation of
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students asking questions for clarification or assistance with doing a classroom

activity were associated with the norm of students askiegtons.

Subcategories for sociomathematical mathematical norms were mathematical
problemanalysis, explaining and justifying mathematically, communicating
mathematically, and mathematical questioning. Episodes that focused on reading a
mathematics probm for understanding were linked to the sociomathematical norm
of mathematical probleranalysis. Those that were concerned with students
providing mathematical reasons or mathematical interpretations were associated with
the sociomathematical norm of exipliag and justifying mathematically. When the
focus of classroom dialogue was using mathematical language and symbols to
communicate thinking, the related sociomathematical norm was communicating
mathematically. The sociomathematical norm of mathematic&stgpning was
distinguished in classroom episodes that focused on students asking questions related

to the mathematical idea of the problem.

Under the mathematical practices category, | identified the mathematical practices
associated with a topic of coting the number of arrows, multiplying the number of
choices (at each stage of the process), and using ratio to distinguish the graph of a
geometric sequence, for example. Altogether | identified eight mathematical

practices.

Data focusing on classroono@al norms, sociomathematical norms and classroom
mathematical practices are presented in three separate chapters. Chapter 5, focusing
on social norms, deepened my understanding as a teacher and researcher of the ways
NESB students can be assisted to kinlenand how to participate in classroom
activity, and hence, develop social autonomy. Chapter 6 allowed me to better
understand how NESB students can be helped to learn mathematics with conceptual
understanding, and to develop intellectual autonomy ithemaatics. Analysis of the

data associated with mathematical practices (Chapter 7) was done separately to
enable me to develop deeper understanding of the ways NESB students can be
assistedto solve the types of mathematics problems associated with g touic

contextualised mathematics problems particularly, associated with a mathematics
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topic or idea covered by the lesséiigure 4.1presend anexample ofa classroom

dialogue data&xtract its associated code, and lesé&land 2 themes.

Data extract Me: Okay. If no group is volunteering to she
their ideas, we will hear what each group |
agreed on, starting

Code Encourage students to actively participate.

Level 1 thene (broad category)  Expectation and obligation regardinlassroom
participation (Classroom social norm).
Level 2 theme(sub-category) Classroom acial norm of sharing ideas.

Figure 4.1  Classroom dialogue datxtract(to do witha classroonsocial nornj,

theassociated code, and levels 1 and 2 themes

Figure 4.2, below, shows a second example of a classroom dialogue data extract,

associated code, and levels 1 and 2 themes.

Data extract Lily: Common ratio. In graph C we have
over 8; or 2 over 4, or 1 over 2. So
geometric sequence.

Raymond: é.ybywemnuourhtit

é . Geometric sequet
t
Its ™ =,
n
Code Describing the process of solving a proble

First level theme proad category)  Specific way of acting, reasoning, and
symbolising (Classroom mathematical
practice)

Second level themésub-category)  Classroom mathematical practice of us
ratio to distinguish a graph of a geomet
sequence.

Figure 4.2 Classroom dialogue daextract {nvolving a classroommathematical
practicg, the associated code, and first and second level themes

Next, | worked through transcripts of interviews with students, my journal entries,
and copies of student work, to help me add and clarify evidence. Analysing data from
multiple sources allowed greater depth to data analysis, making it possible for me to

better understand my practice through amalgamating different insights.
Thematiadata analysis Transcripts of interviews with students

Through analysing data from interviews with students, for example, | was able to see

what t he story i s from my student sé
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regarding mathematics teaching and learning. Analysis of these perspectives helped

to explainmy situation by providing relevant information hitherto unknown to me,

t he researcher . For exampl e, I identi fi
contextualised mathematics problems to support student learning. Analysing
interview data also enabled me to dep better understanding of some of my
student sd cl assr oo rriguecdi3 betow,shows andexampleop r act i

astudent interview datextract, associated code, and levels 1 and 2 themes

Data extract Fiona: The language used in stc
probl ems I S har d
teacher should show how the problem
analysed.

Khoula: It is difficult to understand th
language, sometimes.

Ahmed: | agree that sometimes we fail
get the meaning of the question. Tk
[contextualised mathematicsgblems] are
tricky questions because they conft
studentsé they are

Code Contextualised mathematics problems
challenging and hard to understand.
Level 1 theme broad category) What constituteanalysng a mathematics

problem for understanding
(sociomathematical norm)?

Level 2 theme (subcategory) Sociomathematical norm of mathematis
problemanalysis

Figure 4.3  Student interview data extract, associated code, and levels 1 and 2

themes
Thematiadata analysis My journal entries

| analysed my journal extracts retrospectively (Borg, 2001) to get understanding of
the events or issues being investigated get the bigger meaning. In addition to

making it possible to identify and distinguish degkating to establishment of social
norms, sociomathematical norms, and classroom mathematical practices, analysis of
journal entries allowed reflection on past experiences and helped to build deeper
insight into specific aspects of events or the resgammtess. So data analysis

evolved in focus and over time. | interweaved descriptions of events and analysis or

interpretations. This process enabled me to keep a balance between description and
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interpretation. | was able to trace the development of ngppetives and insights

across different stages of the research process.

Journal extracts that were eventually selected for inclusion in the research report were
based on the themes that emerged from detailed content analysis of the research
journal, usng analytic methods such as reading andeegling the journal. |
presented those extracts that highlighted significant aspects of issues related to the
researchFigure 4.4 displayan example of my journalata extractrelatedcode, and

levels 1 and 2htemes.

Data extract: In reply David said that for part (a) it was
O0ti mes because the e
in part (b) o6ti mes f
followed by plus because its event A or B or
C. 0

Code Students seek and providethematical
reasons to clarify

Levelltheme(broad category) = Normative specific to mathematical activity
(Sociomathematicaiorm).

L evel2 theme (sub-category) Sociomathematical norf explaining and
justifying mathematically.

Figure 44  Journal dat&xtract related code, and levels 1 and 2 themes
Thematiadata analysis Student work

By analysing student work over a period of time, | was able to make claims that |
could not have made by viewing a single piece of student work in isolation. For
example, | was able to claim that over time students shifted from using the
mathematical pramte of drawing a diagram and counting the number of arrows, to
applying the multiplication principle, when solving problems involving arrangements
and selections, individually. Data analysis in this study enabled me to confidently

document findings of thistudy.

My ultimate goal in this study is to achieve disciplined subjectivity rather than
objective knowledge (Cochre®mith & Lytle, 2004; Creswell, 2009; Lincoln &
Guba, 1985; Loughran, 2004) of the issues associated with initiating and guiding the
development of classroom norms and practices in classrooms with NESB

mathematics students. Certainty was not the goal of this study. | consider attaining
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trustworthiness of this study as of vital importance. Generalizability, in this study,

needs to be cldied.
4.3.4 Trustworthiness and generalizability in this study

| used various strategies to ensure the trustworthiness of my findings: the use of
prolonged engagement in data gathering, comprehensive data analysis, triangulation,

recognising and takingteps to minimise possible bias, and peer review.

In order to establish the trustworthiness of this study | engaged in prolonged data
gathering lasting one year and involving two full mathematics courses. The extended

period allowed me enough time to gatkafficient data to enable me to trace changes

i n my teaching practice and my students?o

to the end of the research period. From this data it was possible for me to identify,
select and pay attention to represeamgaevents, and avoid distortions that could have
arisen from giving unwarranted attention and importance to striking but
unrepresentative events if data collection had been done over only part of a course or
for a short periodConclusions were not basem one or two events only, but on
instances covering the whole research pedsb, the conclusion that students were
changing their classroom tactics was based on me, as teacher, observieyedheit

students were demonstrating change, not just otvecor

To increase the trustworthiness of my study, | also developed and provided a detailed
and comprehensive analysis of my actions and those of my students. Clear, thorough
descriptions of the setting, participants, classroom dialogue, and the proceda o
coll ection and analysis have been used
and my own words, during classroom interactions and in interviews, are extensively

quoted to ensure credibility of my findings.

To enhance the trustworthiness o thtudy, | depended on triangulation through
recording the opinions of different students, and using multiple data collection
methods. The need and value of viewing events from a number of different
perspectives and to establish trustworthiness motivagetbrase different techniques
to collect data. Furthermore, | wanted to accommodate the changing, complex,

unplanned, and ephemeral qualities of lived experience of mathematics classrooms.
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So, triangulation involved data sets, gathered over time, usitgaéabe different

data collection methods. Through triangulation data gathered by various methods
complemented each other, allowing me to create a holistic picture of my teaching
practice. Data from my | oudecording, agntri es,

interviews were analysed (using known, valid approaches) and interpreted.

Trustworthiness, in this study, was increased through recognizing and taking steps to
minimise the influence of possible bias (Menter et al., 2011) | brought to the study.
The tem reflexivity refers to the researcher being aware of and openly assessing the

i nfl uence of the researcherdéds own backgro
research process (Ruby, 1980, cited in Krefting, 1991), as well as discus$ieg his

role in away that respects the participants (Creswell, 2008). Begfigxive| was

able to reflect on my biases, values and assumptions | could, as a researcher, bring to
the study. Early in the research process (see Chapter 1) | described my background,
disclosng my personal beliefs about mathematics learning that could shape my
interpretations of events, information and the study. Throughout the research period |
recognized that my personal preconceptions could affect the research process, and so
| prevented tis from happening by consciously avoiding them. This action allowed

me to produce an open and honest account.

| was reflective about my role and position in the research, that is, teacher and
researcher. Seleflection helped me, in my role as a teacheravoid bringing my

own biases to the study. | made the dual roles of teacher and researcher explicit, kept

them separate, and continued my normal teaching duties as if no research was taking

place. Being reflexive meant that my interpretations of ev@misd st udent sd ac
remained tentative or inconclusive, allowing room for modification, alternative

interpretations or new questions to address, but no room for my own biases.

When it was time for interviews with some students, | openly assumed ¢hefrol
researcher. My questioning and probing could have been influenced by my
preconceived ideas regarding mathematics and how it should be taught and learned. |
recognized these issues and made every effort to shun my own bias. To prevent my
preconceptiongdominating, I, as much as possible, behaved and acted as if | was any
other person rather than their teacher, allowing my students to openly share their
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perspectives about mathematics teaching and learning, in ways they could have
responded had it beenyaather researcher. | was aware of and openly discussed my
role in the study in a way that respected my students as participants.

To avoid my prejudices and improve the trustworthiness of my study, | always
recognized that my biases and assumptions cdiddesmy interpretations of events

and studentsd responses. I n order to monit
which | recorded my experiences during the research period. In it | kept a record of

my experiences and decisions, my reflectiomsights, and challenges, and my
interpretations of events, at various stages of the research. A reflective journal
enabled me to keep track of the research process, make ongoing decisions, and trace

my own reorienting and refocusing in light of the evantiof the research. Being
selfreflective enabled me to avoid biases or preconceptions that could affect the
research process. This action enabled me to present a reflective account of the

research.

Peer review was one of the strategies used in thiy stuelstablish trustworthiness of

the findings. To be of significance beyond being an idiosyncratic story, my story
needed to have a clear and significant face value that is reflected in and resonates
with the experience of others in the community (Jawprs899; Mattingly, 1991).

My work was peer reviewed during the entire research period by my colleagues who
also teach NESB students. It was scrutinized and critiqued in order to ensure that it
was credible and resonated with people other than me, tharchsr. This process
helped to increase the trustworthiness of the study.

Generalizability i S interpreted in this
specific settings and subjects rather tha
This pratitioner research does not aim to generalize from one setting to the next.

Rather, its aim is to develop knowledge and understanding about my teaching
practice and my NESB studentsd mathemati c
classes. Rather than beimgplicated in other settings, | hope my study will be

extended by others trialing it in their own local contexts. Its goal is to make the study
meaningful relative to my specific situation, thattisat particular group of NESB

mathematics students. Mynaiwas to have the study relate to other similar situations.
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This study is generalizable to theory (Drew et al., 2008) rather than to different
research settings. In this study, | provided detailed descriptive data hoping that

readers recognize similariti@gth their own situations.
4.4 Chapter summary

This chapter has outlined the main theoretical influences on the methodology of the
study. Quantitative and qualitative research were identified as the two major research
orientations in mathematics education; and then compared and contrasted. The key
assumptions of qualitative research methodologies were deliberated on. This helped
me to appreciate the suitability of applying qualitative research in this study.
Naturalistic inquiry, interpretive inquiry and practitioner research are versions of
qualitatve research that were discussed in relation to their ability to guide the
investigation of classroom interactions, in natural settings. Ethical issues associated
with practitioner research were identified and addressed. The practitioner research
design wa adopted in order to investigate joint mathematical activity over a number
of lessons. Data collection and analysis methods for practitioner research were
discussed. Audibaping classroom dialogue, journaling, interviews and collection of
st ud e n tweré thewmain #ata collection methods chosen for this study. To help
facilitate a better understanding of the ways classroom norms and practices are
initiated and guided in mathematics classrooms, an interpretive approach was selected
as the method of anaing data. Finally, issues related to trustworthiness and

generalizability were clarified and discussed.

Now that | have outlined and discussed the research design for the study, data is
presented and analysed in the next three chapters. Data frono@associal norms
domain, sociomathematical norms domain and classroom mathematical practices
domain are examined for actions associated with initiating and guiding the
development of classroom norms and mathematical practices. Separation into social
norms sociomathematical norms, and mathematical practices, is made purely for
convenience. It is an academic technique or artificial device | am using in order to
highlight particular points. In practice, the three aspects are inextricably

interconnected.

111



CHAPTER 5
DEVELOPING CLASSROOM SOCIAL NORMS
5.1 Introduction

This chapter presents and analyses data associated with the emergence of classroom
social norms for student participation in a classroom culture that supports the social
construction of mathemascas a social and cultural process. The sociocultural lens
led me to conceptualize the constitution of classroom social norms as a process of
negotiation and renegotiationThe social norms that were identified include
normative aspects of student partatipn to do with (i) volunteering to share ideas,

(if) explaining and justifying their contributions, and (iii) asking questions to clarify
actions antbr ideas made in classroom activiti€uotations from students and my
diary entries are used extensivéd illustrate what happened in my classroom and
ground my interpretation of events relating to the development of my teaching
practice. Evidence is presented of shifts that occurred in the ways my NESB students
participated in the mathematics classrotimat gave rise to the development of
student social autonomy in mathematical activity. Student social autonomy is being
used to refer to students being able to make independent decisionsvakoaind

how to participate in class. Student views of my mathgcs teaching and learning

are examined in detail because studentdetermine how classroom social norms are

constituted.

Although the main focus of this study was contextualised mathematics problems,
examples involving both contextualised and 4conextualised problems are used to
illustrate actions associated with establishing different social norms in different
mathematics contexts and topics.

5.2 Volunteering to share ideas

This section presents data that demonstrates my desire and actionslve iV
students in the development of and participation in the practice of volunteering to
share ideas. | anticipated that when this became the norm, student participation would
move from their being passive to more active participants in classroomnigaciu

learning, which would enhance their learning of mathematics. In this study, the social
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norm of volunteering to share ideas is used to encompass students wanting and being
able to share their ideas or thinking with other members of the classroomuodm

in smallgroup and wholelass settings. The main strategies | used to develop this
norm were organizing a mix of smajtoup and whokelass discussion, nominating
students at random to answer questions, and allowing students longémeatio

reply. Data on this norm is presented and discussed under the headings: my
experiences, and student perspectives.

5.2.1 My experiences

In this section | detail seven episodes that illustrate the way | went about establishing
the social norm of students volunteering to share ideas during classroom activities.
Additionally, the episodes illustrate student actions to develop this norm,llagswe

the shifts in student participation, from Raative to more active, that occurred
during the development process.

Example 5.2.1a: Students resist sharing ideas

This episode demonstrates students resisting the sharing of ideas in small groups and
whole class. It also demonstrates my actions to encourage students to learn
mathematics through sharing their thinking. The episode happened in the second
week of the semester, in the first year of study. Students worked in small groups
before joining wholeclass discussion on a contextualised arrangements and

selections problem, which was displayed on an overhead projector.

The arrangements and selections problem:

A class of 12 students and the teacher are to go on a class trip. A car will take
four of theparty, and the rest will go by bus. In how many ways can they all
go on the trip if:

a) the teacher must go by car?

b) the teacher must go by bus?

C) teacher can go by either car or bus? (Barton, 2001, p. 53)

While in small groups very few students inteed with each other. Most of the
students worked on their own. Instead of asking other students in their group how to
solve the problem, some students, for example Carol, chose to consult me. We enter

the episode at the start of whalss discussion.
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1 Me:

2.

3. Me:

4,

5. Me:
Ahmed:
Me:

8.

9 Me:

10.

11. Me:

12. Me:

13. Susan:

14. Me:

15.

My actions detailed above illustrate my desire to develop the social norm of students

How did you solve the problem? Anyone to tell us how their gr
solved the problem?

[No responsge

Can any group share their ideas with us?

[Silencé

Okay. If no group is volunteering to share their ideas, we will hear
each group has agreed on, star
We could not solve the problem.

Just tell us the little you have agreed on, even if you have not comj
the solution.

[No response

Any group to tell us how thegolved the problemSilencé . Cl
group. I saw your groupds sol
solution, please? You can write your ideas on the board.

[Chen said very |little as he wr
Let us have more ideas from other grou@l¢ncé . Yosuk
how did you solve the problem? Can you write your solution on
board, as well?Yosuki just smildd

Letds hear from Susand6s group.
| solvedthe problem alone.

Can you tell us your ideas, please?

[Susan wrote her solution on the bojard

(Episode 5.2.1 (2R°A2005) (Class 1): Sharing ideas)

wanting and being able to share ideasinwAiwoleas s di scussi o

actions demonstrate their reluctance to share ideas. Ahmed waited until after | ha

asked h

sol ving

solutions, they did not volunteer to publicly share their ideas, reflecting an

unwillingness o

n.

im to share his groupdbs ideas,

the probl em. Even though

shar e i deas. Susanods acti

n

t

Chenods

ons

chosen to work alone rather than learn through sharing ideas with others. The episode

indicates that students only shared their ideas after | had nominated them to.
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Example 5.2.1bNominating students at random

The journal extract that follows demonstrates my actions to guide the development
of the social norm of volunteering to share ideas by nominating students at random to
answer questions and suggest ideas. | nominated studeotsitribute an idea or

answer, whether or not they indicated they were willing and or had something to
contribute. | did this because on the whole, they were not volunteering ideas or
responding to my questions. In my journal entry, which | wrote feeeks into the

study in 2005 | noted that in both of the year 1 research study classes very few

students were answering my questions.

The journal extract:

In both classes the majority of students are not showing, by raising their
hands, that they want to respond to my questions. So this week, | nominated
students at 'randommaking sure that | distributed evenly the opportunity for
every student to say s@tming. | did not establish a predictable trend by
following a particular order. By nominating students at random, | hoped to
avoid a situation where students would think about an answer to the question
only if it was their turn to respond.

I noticed thain spite of my consistently prompting students to contribute their

ideas, some students just shrugged their shoulders without saying a word

when | nominated them to answer. Some students who responded to my
guestions gave very sbhaicrf fMNes@pP.onslers,f Bt
I plan to continue pressing students to
do you think? Any suggestions?0 (Journ
(Classes 1 & 2): Nominating students at random)

Nominating students atandom to suggest ideas rather than my telling them the
answer was integr al to my attempt to pron
class. | considered that asking for their ideas positioned students as valued
contributors of knowledge. This journektract however indicates that some students

were unwilling to participate and contribute in classroom activities by sharing their

ideas. The extract also expresses my intention to persist in pressing and supporting

my students to actively participate blgaring their ideas. By nominating students at

random, | wanted to sign#iat| intended to value every stu
class. Having worked with this group of students for three weeks, | saw this action as
initiating a staged process of simg with my students the authority to contribute

knowledge.
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Example 5.2.1cPlanning to encourage students to share ideas with peers

The next journal extract comes from the next day, after two lessons in which students
continued to resist participating. It details the further actions | was planning to take to
try and achieve a classroom culture where volunteering to share ideas was an

expectation and obligation, that is viewed as a norm.
In my journal | wrote:

Student participation did not meet my
Although | was nominating both volunteering and vofunteering students,
and encouraging all studentsshare their thinking, the ones | nominated said
very little, if anything. My initial thoughts for the future are:

- Spend mee time prepreparing mathematics tasks or questions, which
students can use for brainstorming in small groups, before wlasde
discussion.

- During class discussions allow longer wi@the to allow students to process
their answers.

-Use mathematics tasks with potential to attract students to want to contribute,
e.g. tasks that are new to the students or duatire solution strategies that

are unfamiliar to the students.

- Only ask students to contribute to whalass discussion after they have
brainstormed their ideas in smghoups for a few minutes.

- Encourage students to agree on negotiated solutions that are arrived at
colledively and collaboratively.

- Encourage students, in smghoup and whokelass discussions, to

voluntarily share their thinking and discuss openly whay think with their
peers.

- In these discussions, encourage students to listen to and comment on their
peersd answer s.

-Accept and use both correct and incorr
written responses (during class discussasliscussion points for the whole
class.

-Use followrup questions to challenge misconceptions, and keep discussion
alive. (JE 5.2.202/08/2005) (Classes 1 & 2): Plans to encourage students
to share ideas with peers)

This journal extract indicates that | was well aware that there was a mismatch
bet ween my studentsd and my expectations
my expetations were not being met. | have noted that the contributions students
made, after | had pushed them, lacked detail yet, for me, students elaborating on their
mathematical thinking was an important aspect of learning and of sharing ideas. The
extract set out the range of strategies | planned to use in future lessons to encourage

and support students volunteering their i
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learning. These strategies included encouraging students to brainstorm or discuss
among thenselves in a small group before articulating a considered response and
taking part in wholeclass discussions, and allowing students longer-tivaé to
process their ideas. Taken together, they can be seen as aimed at fostering an
environment where leammj was experienced as a social process involving discussion

and debate in a variety of social settings.
Example 5.2.1d: The value of wéine

This next journal extract shows that when | used strategies like those suggested on 2
August, 2005 above some of my students began to volunteer to share their ideas. In

particular, when | used waititme or waited after | posed a question and allowed time

for the students to talk together in small groups before sharing their thoughts as a

class, their responses were more fulsome. In the lesson on which this episode is based
smalkgroup discussion, involving Class 1 mathematics students, was followed by

whole-class discussion of a problem to do with binomial distribution.
Part of the journal read:

Hoping that students would eventually participate and contribute voluntarily,
if I push them a little bit, |1 continued to nominate volunteering and non
volunteering students and allow longer wdiime so that students could
process their ideas before responding. This strategy worked fairly well today
in Class 1. In addition to allowing students longer thinking time after posing a
question and before expecting thenréspond, | also allowed more time for
students to work on exercises before asking them to participate in-olaste
discussion. This probably made it possible for some of my students to
voluntarily offer to contribute ideas and for whalass discussiorio be
reasonably lively today. Some students, who in previous lessons did not
volunteer to share their thoughts, were responding even when | had not
nominated them, for example, Carol, David, Raymond, and Derek. | was able
to identify Dearmk bosvtomseshe bimomial probakolity

X N- X

formula "C,p*g™ * to solve problems after he volunteered to share his ideas. |

was able to identify that Derekds solwu
binomial random variable X1.¢ X¢ n | instead of0 ¢ X ¢ n.

| found it hard to gnerate, on the spot, more challengiiggh order

guestions that entice student response. Next time | should encourage students

to participate by probing and asking follawp questi ons such as
or AWhy?o0 I need t o ¢ epnoeptatidentsomwdnt f i nd
to respond voluntarily. (JE 5.2.3 (03/08/2005) (Class 1): Students willingly

share ideas)
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There is evidence in the journal extract above that suggests that-cldsde

discussion following smaljroup conversation on the same lgemn can be

productive since students are more likely to share ideas during -slask

discussion. In addition, the journal suggests that when the teacher allows longer wait

time and continually encourages the students to participate and contribute, an
increasing number of them do so. | note that students sharing their ideas was good for
NESB student learning and my teaching because | could identify misconceptions (e.g.
Derekds misconception), or any gaps in the
least some of my students were starting to voluntarily contribute ideas and that they

were beginning to transition from being Ractive to active participants in classroom

activities. It also indicates that the way forward for me was to continue to dewglop
studentsé willingness and ability to volu

probing questions.
Example 5.2.1e: Students share ideas in sgralip and wholelass discussions

Evidence corroborating st udeparisigatocihangi ng
general, and towards voluntarily sharing ideas in particular, was documented in my
journal entry written in the eleventh week of the semester, and a few minutes after a
lesson, involving a seedling problem. The problem was displayec mverhead

projector.

The seedling problem:

When planting grass seed, the number of seedlings that sprout is related to the
weight of the seed thrown over a large area.

200 grams produce 600 seedlings pér
800 grams produce 792 seedlings pér
1200 grams produce 858 seedlings pér

Draw suitable graphs to investigate the relationship betwete weight of

seed thrown, ang the number of seedlings that sprpatm?.
Hence decide which type of model is most appropriate for this relationship.

Choose betweenA) y=mx+c; B) y=ae*; C) y=ax".
(Barton, 2001, p. 323)
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My comments in the journal read:

While working in small groups, some students engaged in lively discussions

to reach an agreement on the kinds of graphs to draw and thappospriate

model for the relationship. The ppeepared logarithm modelling problem
(seedling probl em) I used today seems
the discussion. However, during the first few minutes of the wtlales
discussion that faliwed small group discussion, | unintentionally allowed the
conversation to be dominated by David and myself. On realizing this
shortcoming, | encouraged more students to contribute to the discussion by
reiterating the val ue Duarihg tle eemaimderofg f r om
the lesson a number of students actively participated in wihabs
discussion. For example, Fiona, Em, and Chen along with David commented

on the model most appropriate for the relationship described in the problem.

Student contbutions today enabled me to gain more insight into their

thinking, and decide on the next course of action. | need, however, to
continue to look for ways of dealing with situations involving snesponses

from students, as was sometimes the case indoday | esson. There
moment 6s silence, for example, when | ¢
y =mx+cC or option A, was not the most appropriate model for the data.

Following wholeclass discussion, most students continued to share ideas with
their peers iad were able to solve similar problems without my assistance.

Todaydés events have encouraged me to c
and operended mathematics problems coupled with sigralp and whole

class discussions to allow students dpportunity to share ideas and learn.

Judging from student work following the smghoup and wholelass

discussions, it seemed both volunteers andvudunteers benefited from the

discussions that occurred today. (JE 5.2.3 (10/10/2005) (Class 1): More
students share ideas in smgtbup and wholelass discussions)

In this journal extract | note that the contextualised seedling problem used in this
lesson generated interest among students who voluntarily engaged in lively
mathematical conversations argbdtes, in their smafjroup. The entry indicates that

over the course of the lesson my students acted in line with the classroom social norm
of volunteering to share ideas with each other that | was aiming to establish: the
social norm of students volumteng to share ideas was emerging within the class.
The extract also reflects that | considered my students were gradually being
positioned as debaters and contributors of mathematical ideas. | recorded that once |
indicated | was interested in a rangevdws more students voluntarily provided
answers. In addition, my concluding comments demonstrate my commitment and

actions to reflect on and continue to pursue changes in my teaching strategies.
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Example 5.2.1f. Multiple teaching strategies to developusdd ent sé abi |l ity
iIdeas

The next extract comes from tkecond year of study and was recorded during the
first week of the semester. In the second round of the study | was able to use what |
had learned the previous year to more effectively suppertdevelopment of the
norm of students volunteering ideas. This episode is focustdte@rrangements and
selections problem. | asked students to solve the problem in small groups, later
followed by wholeclass discussion.

The arrangements and seleas problem:

A woman could run, cycle, sail, or row from Waitangi to Paihia; then swim,
row, or sail from Paihia to Russell.

a) How many different ways are there for her to get from Waitangi to Russell
via Paihia?

b) How many different ways are them her to get from Waitangi to Russell
and back, travelling via Paihia in both directions? (Barton, 2001, p. 47)

After the lesson | wrote the following in my journal:

Students attempted the solution in small groups for some minutes before |
invited themto participate in a wholelass discussion. While working in
small groups, very few students shared ideas and asked each other questions.
On noticing that not many students in groups were sharing ideas, | made a
public announcement highlighting the vahlfesharing ideas with others when
learning mathematics, hoping this would encourage them to also share ideas.

The idea of writing the problem on the board was a good one. | could see
students reading and-reading the problem and trying to figure out wiret
problem required. | would like to think that by displaying the problem on the
board | encouraged students to read and reflect on the problem, their
responses, and ideas.

During wholeclass discussion | allowed ‘wdiine' before expecting students

to give responses. After posing a question, | allowed a reasonable period of
silence to allow students to process their ideas. Then, | would repeat or
rephrase the question, and allow more siaie, if no response was
forthcoming. | continued to encourageidents to participate and contribute.

A few of the students responded by offering their ideas.

At some stage imwhole-class discussion | drew a diagram on the board to

assist studentsod thinking. Thiclessdi agr ar
discussbn because many students referred to the diagram on a number of
occasions during wholel ass conversati on. For exam

count the number of arrows on the diag
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said AOn the diagramt wei tslteet it head Iwien esa.
this discussion four students (Omar, Muhannad, Thomas and Najilla) students
contributed to the solution of the problem. (JE: 5.2.5 (27/02/2006) (Class 3):
Mul ti ple teaching strategiess)to develop

This journal extract demonstrates my use of a variety of teaching strategies. Being the
second year of the study, and a new group of students, the journal extract indicates
that | had consolidated my teaching approach to include a number of theiestrateg

had found to be productive the previous year. The contextualised mathematics
problem created a context for productive sharing of ideas, whilst displaying the
question on the board allowed studentsead the problem and remain focused on
answeringhe question. Allowing waitime created room for students to think deeply
about their responses. Students could process, revise and refine their ideas before
sharing them with classmates. Srgbup discussions provided a safe environment

for sharing idesa with peers. | acted to encourage students to share the ideas
developed in their groups with the whole class anticipating that they would be more
confident to share ideas after group discussion. The journal extract identifies that |
used a diagram to supm student thinking and talk and that | noticed that some
students were only able to solve the problem after the diagram had been drawn on the
board. These students based their description of their solution on the diagram. The
strategy of drawing a diagrafor this purpose was an old one revisited because | had
found it productive during the first year of study. In sum, this journal extract indicates
that in the first week in year 2 | was using multiple strategies to help create a
classroom environment thgrovided opportunities and encouraged students to
engage in sharing and processing ideas. The norm of students being able to

voluntarily share ideas to support their learning was beginning to emerge.
Example 5.2.1g: Students share ideas after beingnated

This episode, written in week 3 in year 2 of the study demonstrates that students
shared their ideas after being nominated by the teacher. It illustrates my ongoing
actions to promote studentso6 witprdviousgness
example, this episode is based on Class 3. The episode demomsicategain that
it may take time and effort for students to change from beingantive to active
participants in classroom discussions. In this episode wilads discussioroflowed
smallgroup work on a contextualised probability problem.
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The probability problem:

In small groups there was no substantial sharing of ideas among the students. Most

students worked individually and only a few worked in paive enter the episode

Two marbles are drawn without replacement from an urn containing five red
and four green marbles. If the random variable X is the number of green
marbles drawn, cgpand complete the probability table to show the value of

P(X = x) for each value of x.

X

P(X =Xx)

0
S
18

during wholeclass discussion.

10.

11.

12.

13.

14.

Me: In the probability distribution table, why are there only values
=0, 1 and 2, but not 3, 4, and so o8i*dncé

Me: Any ideas? What do you think? Thomas.

Thomas: I dondét know.

Me: Any suggestions? Why do we have only 0, 1, and 2 as the vall
x? Omar, what do you think?

Omar: Number of green marbles can only be O or 1 or 2.

Me: Why only these valuegBilencd Sayuri what do you think”No
responsgMuhannad, anydeas?

Muhannad: Only two marbles are drawn. So green marbles can only be 0
or 2, not 3 or more.

Me: . 5 .
Good. How do we find P(X = 0)1;8 ? [Silencé Any suggestions?

Me: Karen, what do you thinkNjp responsgWhat about Omar?

Omar: Usea (probability) tree diagram.

Me: How? Show us on the board.
[Omar drew a probability tree diagram (with associal
probabilities for each branch) and then wro?é f = @ = E]

9 8 72 18

Me: Now, how do we find the probability when x = 1Silgncé Honda
what doyou think? Honda shrugged his shouldégrs

Me: Any suggestions? Anyone? Muhannad, what did you agree 1
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your group?

15. Muhannad:
We s g?ﬂ+e}43§:23§=23£=@6 | \wrote what
9°8 9 8 72 18 18

Muhannad said on the board, as he sfjoke

16. Me: Did you use a tree diagram?
17. Muhannad: No.
18. Me: What do you think about Muha

(Episode 5.2.2 (10/03/2006) (Class 3): Students share ideas

being pressured)

The episode indicates that, on this occasion, questioning (prompting and probing),
nominating nonvolunteering students, and a contextualised probability problem,
together with smalgroup and wholelass discussion, were the main strategies |
empl oyed to continue the devel opment of
Like Class 1 studentm the first year of study, this episode indicates that Class 3
students only shared their ideas after | had pressed them to. The episode suggests that,
with some encouragement from me as teacher, some of Class 3 students were able to

share ideas with oéns.
Example 5.2.1h: Students volunteer to share ideas

This episode happened in week 10, in year 2 of study, and is based on Class 3, the
class in the previous example. It demonstrates students volunteering to share their
ideas, without being pressured. In the lesson preceding the one on which this episode
Is based, th&entral Limit Theorenand its associated formulae were introduced and

discussed. In this episode, the main strategy | used to continue developing the norm

of sharing ideas was prompting and probing questioning in a vatade setting.

The cental limit problem:

A sample of 16 is taken from a population X with mear 34 and standard

deviation s =4.Calculate the probability that the total, T, of the 16 items
exceeds 530. (Barton, 2001, p. 183)

| began by asking the students to read the problem carefully and identify any
unfamiliar words, terms and phrases, and write down all the key facts. After a time |

asked them to join in a whetdass discussion. We enter the episode at this point.
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11.

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.

25.
26.

27.
28.

Me:

Najilla:
Me:
Sayuri
Me:
Sayuri:
Me:

Omar:

Muhannad:

Me:

Karen:

Me:
Jessica:
Me:
Najilla:
Me:
Thomas:
Omar:
Me:

Muhannad:

Me:
Omar:
Me:

Jessica:

Me:

Muhannad:

Me:

Muhannad:

Is there anyone who identified an unfamiliar word or statem
[No responseDoes this mean that we all know the meanings
all the words and phrases in this problem?

Yes.

Ok ay.
Meanis 34.
34 is the mean of what?

Letds have the key in

Mean of the population.

How do we know that?

Mean /mmeans population mean.

mstands for population mean.

[I wrote /1= 34 on the boarfilWhat other important informatiol
is given in the problem?

S =4. So, population standard deviation is 4.

Yes. What else is important?

n=16.

What does stand for?

nis the number of items in the sample.

Now, what are weequired to find?

Probability.

Probability of T greater than 530.

[I wrote P(T > 530) on the boatdSo, how do we find this
probability?

Probabil ity ofintefrupgdhinlat er t h
Why do weuse Z when we have X in the problem?

We use Z so that we can use tables. Tables have Z values.
So what should | write?

530- 34
4

P(Z > ) [Muhannad shook his hejd

Muhannad, why are you shaking your head?

Mean should ba times /7
Why n times/m?

Because it i s then®mean of t
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29. Thomas: -
So we write P(Z > 530 544) [I wrote what Thomas said @

J16
the board
(Episode 5.2.3 (18/05/2006) (Class 3): Students voluntarily <
ideas)
Int hi s episode there is considerable evider

contributions. The dialogue pattern is no longer mainly one of a question or prompt
by me followed by a student answer and another question or prompt by me (lines, 8
& 9; 17 & 18; 28 & 29). Student actions indicate that they wanted and were able to
share ideas with their classmates. The epi
and ability to share ideas allowed smooth classroom conversation to take place, in a
manne that supported learning. | sustained classroom discussion by prompting for
further elaboration (e.g. line 14), by noticing student reactions such as Muhannad
shaking his head (line 24) and by recording student ideas on the board (line 29) so
that other widents could easily refer to them. In this short sequence seven students
offered ideas suggesting that the social norm of volunteering ideas was well
established there were fifteen students in the class. This episode contrasts with the
previous one athe beginning of the semester when | could hardly get students to

voluntarily contribute ideas.

My studentsd views about volunteering to
groupinterviews. These opinions are presented in the next section.

5.2.2 Student perspectives

In this section | present data from student grouprviews which demonstrate that

my students had mixed views about students volunteering to share ideas. Data
illustrate that while some students were opposed to the idea tableer prompting
students to share ideas by nominating students at random, others supported it. In
addition, data is presented that indicate that while some of my students thought that
sharing ideas with classmates is not important when learning, oisaggeed. Also,

this section presents data reflecting that my students valuedimeitFurthermore,
student perspectives demonstrate the need for the teacher to initiate and guide the

development of the social norm of volunteering to share ideas.
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The eacher should not prompt students to share ideas by nominating them at random

During the formal interviews some students were of the view that the teacher should

not prompt students to share ideas by nominating them at random. For instance, in
October, 2086, Rita said that she did not support the idea of the teacher asking a

student to make a contribution when he or she has not shown, by raising up their
hand, that they wanted to contribute. She
answer heshe feés embarrassed when all the class is quiet and listening. Some
students will only prepare for their question and will not listen to questions being
directed at other students. o In a separat
Fiona was of the viewhat it did not necessarily follow that students who did not raise

their hands did not know the answer @0some
and | need to translate it into English (before sharing with others) but do know the
answer . 0 andyaddecdedWe did not have that

students at random) in Chinaé it is better
Derek (October, 2005), Deependra (May, 2006), Honda (June, 2006), and Sayuri

(June, 2006) supported Fiona,i | y and Ritads idea that on
nomi nat ed. Derek stated that Al n China, (o
Sayuri said ANo. The teacher should not f ¢
ask only those who raise their hantst my hand i s not wup it m ¢

Student views demonstrate their disapproval of the teacher prompting students to
share ideas through nominating them at random. Instead, their comments suggest that,

from their point of view, students shouldluntarily share ideas.
All students should be nominated to share ideas

It also emerged from interviews that some of my students were of the view that all
students should have to share ideas, regardless of whether they volunteer to or not.

Susano6s , 20@cview, Hoe example, was that students should take turns to

answer or al guestions because dlt i's fair
David supported Susan by decl aring, AThe t
ideas), not justsomg¢sudent s. 0 Like Susan, David pref
everyone has a chance to answer. Il tos f ai

should push us to answer the questionséln
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answer ed quest iycstudentindicate thattratherahart fecusion the
value, or lack, of sharing ideas in mathematics problem solving, some of my students
were more concerned about the fairness of being nominated to say what they think

while others are not.

In another inten@w in October, 2005, Ahmed and Laila supported the idea that the

teacher should nominate both volunteering and-vauanteering students because,
according to Ahmed, AEveryone should thi
actively. 0 Ah meslppatrnhe iddaafigbding alehg rdws mrocolumns

when nominating who should respond to a question because according to Laila
féonly the person answering the question
Raymond and Dong bel i evghtdo do it mdmindietnee t eac h
volunteering students], o they felt that n

not right because, according to Raymond,
guestion and not | i st 4énterviews, Thormhal, &\ataruand | n s e |
Max (May & June, 2006) wanted all student s
guestions or to contribute ideas. Thomas,

to contributeo. Student c otahstudéntss sheuldg ge st 1

be pressed to contribute by sharing ideas.

During the interviews, some students referred to their prior experiences in other
countries like China, Taiwan and Oman, where the teadbarging styles differed

from the one | was propwg. Such references suggest that learning mathematics is a
soci al and cul tur al activity that wvaries
views suggest that the classroom culture they had experienced in their home countries

had a strong influencen their current mathematics learning. In addition, the views

i ndicate that previous classroom cultures

to volunteer to share ideas in mathematical activity.
Sharing ideas with classmates is not important

In interviews some of my students indicated that they believed that sharing ideas with
classmates is not important. Ona9\05, Susan declared that she preferred working
individually. She said AFor me, I want to

interruping me or ask me some question or when his answer is different from my
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answer to di scuss.\B0Y9), susan relteaatec that shendidenotv i e w
believe in allowing students to discuss and come up with agreed solutions or shared

and negotiated ol ut i ons. Susan thought ASome of t|
the question, but other things (not rel at e
(15\09\05), Raymond claimed that there was no need to discuss questions with peers
becausethegqus t i ons wer e easy, AWe can do it by
Dong agreed with him and added, AWe must
Raymond and Dongdés comments show reluctan
engage in sharing ideas. Thes st udent sd comments suggest
sharing ideas with classmates i s not hel p
are indicative of the challenge to initiating and guiding the development of the social

norm of students volunteering share ideas. None of the students | interviewed in

2006 indicated that sharing ideas with classmates is not important.
Sharing ideas with classmates is important

In contrast to those students who thought that sharing ideas with peers was not
necessary, it came out from the interviews that some students believe that sharing

ideas with classmates is important for learning. Rita165), for instance, believed

nwor king in pairs because fisometi mes quest
together.... Sometimes we can help each ot
ideas in cl ass. We can share [ideas]. Lik
Someone mak now somet hing | do not know. 0 Rit

suggest that they thought the idea of sharing ideas with peers was helpful for

learning.

In another interview (1B9\05), Chen suggested that small group discussion be

followed by displaying solions on the board so that different solution methods
could be compared. wWteshudands @l s$oli st ibeng e
with explanations. We can learn by comparing answers. Some students may have

di fferent met h o d st that e haievédsthatvshaang sdeas wag g e s
useful. David (28L0\05) agreed with those who supported brainstorming, and shared

and negotiated solutions. He justified thi
because you can check your ideas in a sgrallp before you give the answer to the
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whol e class. 0 Davidodéos comments indicate ¢t}
group and providing negotiated responses or solutions. LiIMQ#5) also agreed.

She added, AMaybe wesWwawvetkhdef §oeesnit owag sLi
indicated that she was aware that problems could be solved using different methods,

so students could benefit from sharing solution methods. @0\8%, Ahmed and

Laila supported Davidos amdain lsuppoyed &y vi e ws
Wat ar u, Omar , Muhannad, and Deependra ( Ma\)
i dea. Students | earn by sharing ideas. o0

culture 1 was hoping all my students would eventually transition intsne hat

values volunteering to share ideas.
Longer waittime should be allowed to enable students to volunteer sharing ideas

During smaligroup interviews, some of my students indicated that they needed wait

time to allow them to process their ideas and be ebshare them with classmates.

Yosuke and Em (169\05; 3110\05), and Yuichi (31/05/06) and Max (06/06/06), for

example, asserted that in their mathematics class more time to think could have been
allowed, particularly when oral questions were involvEdey claimed that absence

of adequate waitime hindered them from volunteering to share ideas. Em declared,
AActually, it is not enough. For Chinese s
for us who have not done it before, itis not enough. Werd t i me t o t hi nk.
views were echoed by Honda (May, 2006), Max (May, 2006) and Yuichi (June,

2006). These student comments suggest that they recognised the valuetmhevait

when sharing ideas. The comments also suggest that with longetimegitmore

students might volunteer to share their thinking with others.

While agreeing with those student views suggesting thattinadét was needed to
enable them to share ideas, in October, 2005, Fiona, Lily and Carol, opposed the
opinion that not enougait-time was allowed in their mathematic class. In separate
interviews, Chen (109\05), Rita and Susan (#2\05), and Raymond and Dong
(26\10\05), also made this point. This data reflects that although there was agreement
among my students that wditne was essential when sharing ideas in mathematics

problem solving, there was no consensus on the length of time allowed.
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Lack of consensus among students, as reflected by interview data, highiights
challenges in initiating and guiding a process thiddwes students develop a
normative focus on volunteering to share ideas. The dilemma for me as teacher
involved determining how much wadime to allow is one example of this. This
predi cament was evidence of t he di ver si
mathematical backgrounds. It illustrates some of the challenges of teaching NESB
students who have experienced different education systems and classroom cultures.
Student comments suggest they were aware some students may have a stronger
mathematical badgcound than others; hence need less -ti@i¢ because the
mathematics involved is familiar. Even though NESB students, in my mathematics
classes, agreed with the view that allowing wiaie is necessary, problems may
arise when it comes to implementatioacause of disagreement regarding the length

of wait-time allowed.

Student participation also involves explaining and justifying solutions or answers. In
this study, my wish was to involve students in the construction of classroom norms
that stress explaing and justifying solutions, methods or answers, anticipating this

woul d enhance NESB studentsdé mat hemati cs |
5.3 Explaining and justifying

This section presents data that illustrate how | guided the construction of social norms
of explaining and justifying actions and contributions made in classroom actilnities.
this study, the social norm of explaining and justifying was understood to mean
students being willing and able to give a reason(s) to clarify and justify a contribution
or an ideal detail the process of developing the norm of explaining and justifying
through outlining and interpreting my experiences as portrayed by classroom
episndes and my journal. Next, | present and interpret data from student- group

interviews.
5.3.1 My experiences

In this section | present journal extracts and a classroom episode that illustrate my
aspiration and actions to develop the classroom social mdrrxplaining and
justifying, as a strategy that supports learning. The journal extracts and episode
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demonstrate student actions to establish this norm in gmalp and wholelass
situations, in the mathematics topics of normal distribution, sequearaépgarithm
modelling.

Example 5.3.1a: Encouraging students to give reasons

This example demonstrates the way | encouraged students to give reasons during
smallgroup and wholelass discussions. A few minutes before the example started,

whole-class dscussion focused on the relation between the normal distribution and
T X-m .
the standard normal distribution, and the formuZaFT. In this example,

students first worked in small groups on the normal distribution problem which was
displayed on an overhead projectafter group work they discussed the problem as a

class.

The normal distribution problem:

A business woman takes her car to work each morning. The time it takes is
normally distributed with mean 28 minutes and standard deviation 3 minutes.
She leavefor work at 8.00 am each day.
a) Find the probability that she takes less than 24 minutesvel ta
work.
b) Find the probability that she arrives at work after 8.20 am.
C) Find the probability that she arrives at work betw@&b am and
8.30 am.
d) If she starts work at 8.30 am and works, on average, 240 days a
year, how many days would you expect her to be late dok im a
year? (Lakeland & Nugent, 2004, p. 286)

In my journal | wrote:

In small groups students shared ideas but | heard only few students providing

or asking for reasons to clarify and justify thinking. So, | immediately made a

public announcement toeh c | as s : i Re meanbequest theo gi v e
reasons for contributions that are not
number of times. During wholelass discussion, Susan, Raymond, Miriam,

and David were among t hosetudsrdisowheas ked i
appeared to struggle to explain, for example, Lily, by probing her. | continued

to request and encourage students to give reasons throughout the lesson. At

ti mes | had to clarify some studentso

tojustifyt hei r contri butions. Ahmed wanted t
David gave the reasons. He said A0 is
mi nut es, and 0 is the population stand

a
class why in part (b) in their solution dismyed on the board,
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group wroteP(X >20) instead of P(X B8.20). Raymond gave the reasons
which | thought required clarification, so | did that.

There was a heated debate when the class was discussing the solution for part

(d). I took this @portunity to ask students for reasons to justify their ideas.

For instance, I asked B(Xs30?" Siwéhayn 6do vy
response was: ANTo find the probability

Chen AWhy PXe30tby!| 2407?20, and Gdyiegn respo
ABecause she goes to work 240 days. 0

guestion: A S oP(Xvh3P?"hletni pleypl byd ABecaus

probability of being | ate for work.o
encouraged students to request reasohsnwnecessary. On a number of
occasions | said AAre there any quest.

students worked on similar problems, they asked each other the reasons to
justify their ideas. (JE 5.3.1 (26/08/2005) (Class 1): Encouraging students to
give reasons)

The journal extract indicates my efforts to guide the development of the social norm

of explaining and justifying through the use of samabup and whokelass

discussions of a contextualised normal distribution problem. It shows thatl usad

of the strategy of posingPHpd®byi @8d820suthb
prompt students to give reasons for their ideas. In doing this, | modelled asking for
reasons to justify an idea, hoping my students would provide reasons to explain and
justify, develop an expectation that their peers provide reasons to clarify and justify,

and ask for reasons if they did not. In other words, the extract shows that |

encouraged students to ask for or give r ea

The next pisode focuses on students providing reasons for contributions made. It
further illustrates my wish and ongoing actions to encourage students to give reasons

to justify their ideas.
Example 5.3.1b: Students provide reasons

In this example | guidedtudents to give reasons while discussing a sequence
problem. The lesson began with whalass discussion focusing on the graphs and

limits of sequences. Students then worked on the problem for a few minutes.

The sequence problem:

Decide whether or not, =( 4)"is an increasing or a decreasing sequence.
Justify your answer. (Barton, 2004, p. 271)
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Whil e working in smal.|l groups, student s

d

Some students demanded reasons to c¢larify

the episode below when students had finished working in small groups and the whole

class was discussing what they had agreed in these groups.

1 Me: Is the sequence increasing or decreasing?

2 Khoula: Decreasing.

3 Laila Increasing.

4 Me: Khoula, whydo you think the sequence is decreasing?

[No responsge
5 Me: What about Laila, why increasing?
[No response

6 Me Khoula said decreasing while Laila thinks the sequenc

increasing, what do others think?

7 Susan: Not decreasing, not increasing.

8 Me: Why? What do you mean by that?

9 Chen: Because it is sometimes one and sometimes negative one, ¢

and on é. It keeps going up

10 Me: And so what is the limit of this sequence?

11 Em: No limit.

12 Chen: We canét hegatweonene and

13 Me: Why not?

14  Susan: There is only one limit. Not two. So here there is no limit.
(Episode 5.3.1 (0&0\2005) (Class 1): Students provide reasons to clarify
justify)

The statement AJustify your answero in

to be able to explain and justify their ideas. My actions, in this episode, showed that
contributions could be questioned, clarifications could be sought, and explanation
could be demanded in this class. In this episode the sequence problem and whole
class discussion provided an opportunity for me to develop and students to experience
the social norm of explaining and justifying. Through questioning, | prompted

students @ give reasons clarifying their contributions (lines 4, 5, & 13). | went
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beyond studentsdé6 initial responses to ask
decreasing?0 (line 4) and Laila fAéwhy incr
clarification. My actions illustrate that explanations and justifications were expected

in this class whether the answer is right or wrong.

Chenés (lines 9 & 12) and Susanbdés (line 1
were willing and able to give reasons dlang responses. Chen (Line 12)
demonstratethe useof the social norm of volunteering to share ideas to explain and

justify responses. In contributing explanations, these students demonstrated that,

unlike at the beginning of the semester when | could hardly get any student to
voluntarily justify or give a rason for an answer, let alone an extended response,

some students were prepared to voluntarily explain and justify, without my
persuading them. The data suggests that my wish to induct NESB students into a
classroom culture of not just volunteering to ghidleas but explaining and justifying

them as well was beginning to be enacted.

The next example occurred towards the end of the semester. It is focused on students
explaining and justifying in a wholelass discussion of a contextualised logarithm

modeling problem.
Example 5.3.1c: Students seek and provide explanations and justifications

This example illustrates how my students participated by seeking and providing
explanations and justifications, in a whalass discussion focusing on a
contextualisd logarithm modelling problem, displayed on an overhead projector.

Students first worked in small groups before taking part in whlalss discussion.

The logarithm modelling problem:

The resale value in dollars, of a Laptop computer depreciates ovetttcan

be approximated by =120C e °°**, t weeks after it is purchased.

a) What is the resale value of the Laptop computer at the time it is
purchased?

b) At what percentage rate is the resale value decreasing each week?

C) When does the model predict that the Laptop computer would
resell for$600?
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Part of the journal read:

As students worked in small groups, on a contextualized logarithm modelling
problem (displayed on an overhead projector), they discussed their ideas and
some sought reasons for theilclasd assmat

di scussi on, and at di fferent ti mes, Ah
part (a))?c‘), Herb said AWhy is percent e
said Why atr(a nwe afritndicgg ?0 Whil e resp

anexplanatlorand justification Derek said 0nBe
V =1200 €’ =120 1.ThereforeV =$1200. 0 Al so respondi no¢

for an explanati on, Raymond said A0.01
formula y =ar*. Minus because value is going down. So rate is 1.5 when we

chmge 0.015 to a percentageo, and Lily
what ti me. 0 At wlass discussion brénandes students wh o |

to ask their classmates to provide reasons to justify their ideas. Laila asked for
clarification on a numbeof occasions. Each time she made a request, an
explanation was provided by one of the students or by me. Whenever one of

the students requested a reason | wo ul
also encouraged students to give reasons and clarificattortbdir ideas.
When no student would explain, I di d.

explanation was not clear enough or needed emphasis, | clarified or repeated
important points. (JE 5.3.2 (18/10/2005) (Class 1): Students seek and provide
reasonsd clarify and justify responses)

This journal extract indicates that | used the strategy of questioning (prompting and
probing) to urge students to explain and justify their ideas. It shows that at least

Derek, Raymond and Lily provided reasons to justify contributions. Also, it suggests

that, like in previous lessons, the use of a contextualized mathematics problem, and
smallgroup and whokelass discussions, provided an opportunity for students to

seek and provide explanations and justifications in a way that supported learning.
FionaaHer b and Ahmed6s awere awardbBat derhaodng (infmat t he
good way) explanations was expected and acceptable in this class. On the other hand,

Der ek, Raymond and Lilyb6s actions demonst

ideas associated with a logarithm modelling problem.

Together, the tlee examples in this section suggest that some of my students
progressively became able to give reasons

reflecting that the social norm of explaining and justifying evolved over time.

To sum up, the episodes amaijnal extracts, in this section, demonstrate that NESB

students are prepared to participate and contribute in the development of the social
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norm of explaining and justifying when the teacher put strategies in place that create
opportunities for student:d the teacher to ask for, or provide, reasons to explain
and justify their own or othersdé contribut

Some of my studentsodoO views about expl aini
were disclosed to me during the interviews. These views are frds@nthe next

section.
5.3.2 Student perspectives

Interview data presented in this section demonstrates that my students had mixed
views about whether it is the responsibility of the teacher, or the students, or both the
teacher and students, to prdei explanations and justifications of contributions,
during classroom activities. In addition, the data indicates that most students expected
explanations and justifications, and recognised their importance in learning

mathematics.
The teacher or the studts or both should provide explanations and justifications

During the interviews | had with students in both 2005 and 2006, students who
commented about whose responsibility it is to provide explanations and justifications

had varying views. On 13905, Laila, Ahmed and Khoula, indicated that they
expected the t edgshteap tean de xwd raki no uits t expa mp | €
They, however, supported the idea of students collaborating and sharing ideas in

small groups. Also, these three students wierefavour of their peers giving
explanations, i nstead of relying on the t
studentsd views suggest that they only wa

peers cannot provide them. They expected the teacher toph, someti mes Al t
for us to find out on our own, i f you heé
understand somet hing, the teacher shoul d

these students recognized the importance of providing explanationsnimgea

In a separate interview (XB\05), with another group of students, Fiona stated that
the teacher should fAexplain words in the
explain. o0 Fionads comments indicate that

contrast, as the teacher, | expected students to take a more active role in explaining
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whil e | took the role of facilitator. Du
understand the teacherds explanations ¢é T
comments reflected her preference for the explanations and justifications provided by

the teacher because of the clarity. In another interviel@9056), Rita had a different

view from Fiona and Lilyds. She sitrag®d t ha
the students everything Al think students
preferred classroom discussions to involve explanations and justifications because
AStudents should say mor e, not just yes
addtion to wanting students to provide explanations and justifications, like Fiona and

Lily, she recognisedhe importance of explanations and justification when learning

mathematics.

In a later interview on 26 September, 2005, Fiona reiterated her views die
teacher explaining and justifying. She dec
should explain. o6 Fionabds comment suggests
only when she does not know. Em \A%05), however, expected the teacher to

provi de fAmodel answers and explanations so
Rather than emphasize the value of explanations in aiding understanding, Em seemed

to be more concerned with using the same method or memorizing the method in order

to use it &ter and get correct answers in future tests and examinations. In contrast to
Embés vi e w09o0s} dicenot wanl the teacher to write model answers on the
board and explain them. He stated that il
explanatms and c¢cl ear answer on the board. o |
significance of explanations but differ on how explanations are to be handled. | also
note that Chen highlights Ado it together
cooperativel ear ni ng. Additionall vy, Chenos C O mMme

mathematics learning as a social activity, involving explanations and justifications.

Similar student views to those referred to in the previous paragraphs came out when |
interviewed stdents in May and June, 2006. Sayuri, Honda, Thomas, Max, and

Najilla all stated that they were in favour of explanations and justifications being
provided when they are | earning. I n May,
teacher must ®xmpétaimes owalsget confused. I

teacher explains. o These comments suggest
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explanations and justifications, he preferred those provided by the teacher. Omar,
Muhannad and Thomas (May and June, 2@b&)not mind who (teacher or student)
provided explanations and justifications,
This comment reflects that these students were aware that explanations and

justifications were of different quality and clarity.

To sum up, on the whole, studenbmments suggest that they all agreed that
providing explanations and justifications in classroom discussions is important and
necessary. However, they had mixed views about who should provide them.
Interviewdata in both yeaa indicated that while some of my students expected me, as
the teacher, to provide all explanations, others expected me to help with explanations
and they preferred the involvement of all students in providing explanations. Remarks
by studentseflect achallenge for establishing the social norm of students developing

a focus on explaining and justifying. Finally, studeetrspectives suggest that, for

them, clarity of an explanation is vital.

More evidence of my desire and actions to encourage studaestsft from being
nontactive to active participants in classroom activities, through establishing the

social norm of students being able to ask questions, is found in the next section.
5.4 Asking questions

Classroom episodes and journal extracts are used in this section to demonstrate my
actions to guide the development of the classroom social norm of students asking
qguestions. Also, episodes and journal extracts illustrate student actions to develop
this rorm in smaklgroup and wholelass discussions, and individual situations, in

the mathematics topics of probabilityinomial distribution, andequencesin this

study, the social norm of asking questions refers to when a student asks a question or
when le\she seeks assistance relating to a classroom learning activity.

Students developing a normative focus on asking questions was an aspect of the
mathematics classroom culture | was eager to develop, anticipating this would
support their mathematics problesulving. | was hoping that by encouraging NESB
students to ask questions | could initiate them into an academic culture that

recognizes the importance of asking questions to develop understandieghamnde
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mathematics learning. This section presents daat demonstrate the ways my

students and | developed the social norm of asking questions of the teacher and peers.

This is done under the headings, my experiences and students' persp&tyives.
experiences around the development of the norm of askiestigns are presented

first.
5.4.1 My experiences

In this section, | present classroom episodes and journal extracts that illustrate the
way | guided the development of the classroom social norm of students asking
guestions in a way that supported leagniApart from this, the episodes and extracts
demonstrate student actions to establish this norm in situations involving the
mathematics topics of probability, binomial distribution, binomial theorem, and

differentiation.
Example 5.4.1a: Posing questions in a small group and whole class

The purpose of this example, which happened 3 weeks into the semester, is to
illustrate the way | posed questions in a small group and whole class, hoping my
actions would encourage my sards to ask questions in classroom activities. The
topic of probability was introduced to the students in a lesson before the current one.
In that lesson, students solved raontextualised problems involving probability. In

this example, students first wked on a contextualised probability problem, which
was displayed on an overhead projector, before engaging in-alagkdiscussion.

The probability problem:

Three students are working independently on a probability problem. The
probabilities that thewill solve the problem are 0.2, 0.25 and 0.4. What is the

probability that the problem will be solved? (Lakeland & Nugent, 2003, p.

109).

Part of my journal read:

As students solved the probability problem in groups | noticed that there was
very little progress and talking going on. | made a public announcement
requesting students to work together, discuss and ask each other questions
relating to the classroom adty they were focusing on. Even after the
announcement there seemed to be nothing much going on in Ahmed, Laila

and Khoulabdés group, so | joined them
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During wholeclass discussion | continued to ask questions and encourage
students to do the same. For instance, | posed the following questions: 1) Do
we need a diagram? 2) What type of diagram? 3) What does independently
mean? Students responded to mysgjoes, for example Miriam, Fiona and
Chen. (JE 5.4.1 (1@82005) (Class 1): Posing questions in a small group and
whole class)

My journal notes indicate that | paid close attention to asking questions in a small

group and in a whole class. When Ahmedeaskne how to solve the problem, | took

this as an opportunity to model questioning that would help understand the problem. |

again modelled questioning during whalass discussion. The journal entry shows

that Ahmed only asked me a question after | maeekis group and enquired about

the groupbs progress. T h e -class discmssidn, myndi c at

students were responsive to my questioning.

The next example occurredbout a month after the previous ared focuses on the
way an indivdual student asked a question involving a binomial distribution problem.

It also shows how | responded to the stude
Example 5.4.1b: Individual student seeks assistance/asks a question

This example is used to demonstrate the way | encouragiadla student, Susan, to

take time to think about how a problem can be solved before rushing to ask me for
assistance. In addition, it illustrates my actions, involving one student, to guide the
development of the social norm of students asking questiemghermore, the
example illustrates that, over time, some students can understand the importance of

asking questions.
Part of my journal read:

Towards the end (about 3 minutes from
some homework to students but almostme di at el y Susan sai d:
we solve this probl em?o0

The binomial distribution problem was:
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0 A per s ten35% ofitinp ¢rasswords she attempts. If she takes 9 away
with her on holiday, find the probability that she does not manage to complete
half of them.6(Barton, 2001, p. 69).

My i mmediate response was: AGo and try
Then bring your solution to class tomorrow and we will work together on
deciding whether your2 (&/092005) (Class l):s v al i
Susan asks for assistance)

This journal extract indicates that, although | wanted to position NESB students as
questioners, | wanted them to engage in thinking about how they could solve the
problem, before rushing to me, as thee ac her |, for the solutio
indicate that she wanted to i mmediately 0:
this did not happen, she quickly sought my assistance. In contrast, my actions indicate

that | wanted Susan to spend more tinterapting the solution on her own first, and

only then ask for help. | wanted to encourage her to develop the habit of thinking

about how she could solve the problem on her own, rather than expect to be told by

me. | wanted students to ask more than theegera | Ohow do | do tF
qguestion and ask more analytical questions. My suggestion to think overnight was to

allow waittime, to enable Susan to do some thinking. | did not mean to discourage

Susan from seeking assistance. After she had attentiptedolution herself, we

would work together on deciding whether her solution was valid.

This journal extract is an example of how the teacher can be faced with the difficulty
of maintaining a balance between assisting a student who asks for help, and

encouraging a student to think before they ask questions.

The next example occurred during the second year of the study. It focuses on a
student who wanted only the teacher to address her question.

Example 5.4.1c: A Class 3 student wanting to direcoestion only at the teacher

The purpose of this example is to demonstrate a Class 3 student wanting to direct her
question only at the teacher. Additionalityillustrates that challenges for the teacher

can arise when this happenghe episode illustras that the use of a binomial
problem, and smaljroup and wholelass discussions created a situation requiring

students to ask questions.

141



In an earlier part of the lesson, | had guided a whiaes discussion focusing on
what Pas cal 0 susetim mahergatics, andsits relationship with the
binomial theoremln this episode students solved a binomial problem, written on the

board, in small groups before discussing their solutions as a class.

The binomial probl em: ndds+t¢)*.Pascal 6s triangl

We enter the episode during whalass discussion of the binomial problem. Several

students made contributions and | wrote them on the board. | had just written the

statemen(x+Yy)* = x* +4x’y +6x°y? + 4xy® + y* when Najilla interjected.

1. Najilla:  How do we find this?

2. Me: Whatdo you mean, Najilla? Can you be more specific?

3. Najilla:  Where does the expression come from?

4, Me: Right, Naj il |l a ifsg nals kihn g: efkhtam
you answer Naj i |Howdowe geuthisexpiession,

Najilla:  No. | want you to explain.

Me: Why me, Najilla? Your friends can explain. Your classmates have
told me to write this expression on the board, so | think they
answer your question.

Najilla:  No. | want you to answer because you argdheher.

8. Me: [After discussing with Najilla for a little while, | provided a detall

explanationh
(Episode 5.4.1 (16/03/2006) (Class 3): A student requests to asl

the teacher)

Data suggests that Najilla recognized and was prepared to use the norm that attaches

I mportance to asking for hel p. She asked
actions, however, demonstrated that she valued teacher explanations more than those

of he classmates or that she thought this was a teacher responsibility Bhise.

situation suggests that Najilla might lack confidence to ask her classmates questions

when solving a mathematics probleBPata indicate that | wanted to involve other

studentsn addressing Najillads question. My h

ot her students to ask each other guesti ol
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reluctantly, since my wish had always been to encourage students to ask each other

questions and shardeas, during problem solving.

For mathematics teachers trying to change class norms, the data demonstrates that
unanticipated challenges can occur while guiding the development of the norm of
students asking questions of each other. The dilemma for mevivether or not to

give in to Najillads demands and offer th
force a teacher to behave in ways they might not belieVieoifiered an explanation

myself, in spite of having, in previous lessons, encouraged stutteask each other

qguestions and also explain their solutions for the benefit of other students, and

themselves.

The next example happened in the second year of study and focuses on students

asking each other questions in a whdkss discussion.
Example 5.4.1d: Students ask each other questions in\wiaske discussion

In this example | demonstrate how students asked each other questions Heladwle
discussion involving a differentiation problem. It demonstrates more evidence of my
actions topr omote studentsdé ability to ask que

learning. After the lesson | wrote my reflections in a journal.

The journal extract:

In todayods |l esson | asked my students t
questi on: idgFoinisdior thehfenctionudkl2x-8, and determine

t he nature of each point . The quest.i
projector.

After a while Wataru said: nsSir, I can
find them?0 | I mme d e edsseahdyinvitech dll studentsp t ed t

to assist Wataru. During whetdass discussion students debated several
suggestions before agreeing that the intercepts were at points (Q@,8),af0d

(3,0). When one of the groups gave-ZZ) and {1,0) as the turningoints,

other students disagreed. During the debate students asked each other
guestions. For i nstance, ( 1)2 7D e0e p e(n2d)r a
Ray said fAWhy12d¢8® =y ow? s;ay( #)x James said
the remainderd)t Semowgmda@iandHow did you
asked questions. On probing, | found out that some students had wrongly
factorized 4xX-12x-8. (JE 5.4.4 (1®52006) (Class 4): Students ask
guestions)

143



The journal extract suggests that Watdamonstratedhiat hecould use the social

norm of asking questions. It indicates that he felt comfortable to openly declare that

he could not Afind the turning points.o
course, the journal extract indicates that | had createdfe environment in which

students were not afraid of being ridiculed for not knowing. Instead of engaging in a
discussion with Wataru, | asked class help for him. In doing thi®directed

Wat ar u 0 sto gtheestutlents, to keep the whole clasolved. This way, |

conveyed that students had ideas that were valued and that every student was
expected to help to answer questions. In addition, | distributed the authority to ask

and answer gquestions to my st wdempublc. Wat ar
way benefited not only him, but other stu
situation where students shared ideas to find a solution. Consensus on the intercepts

was arrived at byegotiation with the whole group. Further monitoringsof ud e nt s 6

i deas enabled me to discover that student
factorize the expression #22x-8. The journal extract indicates that when the lesson
happened (towards the end of the semester) studemsgnstrated these of the

social norm of asking questions, in a manner that supported learning. Furthermore, it
indicates that the students who contributed by asking questions recognised and used

the social norm of volunteering to share ideas, to ask each other questions.

When | asked my students how the expressioft12x-8 could be factorised,
Deependra was the first to volunteer a response.
1. Me: How do we factorise this expression?
[Pointing at the expression on the saree
2. Deependra: Remainder Theorem.

3. Me: Yes. Remainder Theorem. How do we use it? How do we us
remainder theorem to factorise34b2x-8?

(Episode 5.4.2 (1B52006) (Class 4) : Asking probing question

This episode shows that as soon as Deependra offered his idea (line 2), | supported
him by providing an instant replay of what he had said. Instant replay was intended to
support Deependra and other | istenersd thi

advance discussion by asking AHow do we
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theorem to factorise 4X12x-8 2 6 (|l i ne 3) . The data indica
and Deependrads contribution created an o
asking questios.

Studentgeneratedquestions were elements of the social and cultural environment
which | was hoping to create with my students. | believed that students asking
questions influenced both the construction of norms that value student participation
and NSB studentsd mathematics | earning. It
know what NESB students thought about my aim for them to ask questions. During
student groupnterviews | was able to glean student perspectives. Some of my

student s 6 uwlants asking guestians aregpitesented next.
5.4.2 Student perspectives

This section presents interview data regarding students asking questions in classroom
activities. The data demonstrates that my students were of the view that the teacher
should create opportunities for students to ask questions. Additionally, it
demonstates that although students agreed on the importance of asking questions
when learning, they disagreed on whether student questions should be responded to
by the teacher or by other students. Also, the data indicates that some of my students
preferred to dect their question at a friend before the teacher. Finally, it
demonstrates that some students felt more confident to ask questions in a small group

or after class.
The teacher should create opportunities for students to ask questions

During small grougnterviews, there was consensus on the importance of questions

in classroom activity, and the need for the mathematics teacher to create opportunities

for NESB students to ask questions. Raymond (15/09/05), for example, disclosed that

he expected the mamatics teacher to allow students to ask questions. He declared

ARGi ve us more time to ask questions. | t 6s
not know. We have questions... We learn and ask... We also learn by asking
guestions. . . . 0 oDoaiygthessant: griupteniied as Raymond,

agreed with him. David added, AYes, it ds ¢

know how to do some gquestions so they sho
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same ideas were echoed in separate intervitavsexample, by Fiona and Carol
(26/10/05); Susan and Rita (26/10/05); Em, Yosuke and Chen (31/10/05); Honda and
Sayuri (02/06/06); and by Max (06/06/06). The data suggests that, these students
recognised the value of asking questions in mathematicsrigaihfurther suggests
that, my students expected the teacher to create opportunities for students to ask

questions.
Student questions should be responded to by the teacher/by other students

Participating students had differing opinions about whether student questions should

be responded to by the teacher or by other students. Raymond, David and Fiona, for
example, were nomuch concerned abowtho answered student questions. They

expected, ifst and foremost, to get answers from the teacher but, according to
Raymond, did not mind if Aother students ¢
to the question. o Raymondbés comment sugge:
Rita and Susan disagieevith this idea. They believed that students should direct

their questions to the teacher because, a (
he also does not know the answer. o Ritads
declared that he preferréd direct his questions to the teacher and get the answer

from him fibecause the teacher can express
believed that the teacherés expthasaadti ons \
his friends. Susan was morenthd in her response. She stressed that she did not

expect the teacher to request other students to provide an answer to her question. In a
separate interview, Derek agreed with Suss:
should answer student questionst pther students, because he gives you a better
answer . o0 Rita, Susan, Em and Derekds views
had confidence in the teachhwmsedfsheipeers.wer s ar
For them, the only reliable sourcelofowledge was the teacher, who had the ability

to help them learn mathematics.
Prefer to direct a question at a friend before the teacher

Some of my NESB students stated that they preferred to ask their friends first before
they ask the teacher. Others ula only ask the teacher if their peer(s) could not

answer their question or offer assistance. Yosuke (31/10/05), for example, would
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consult the teacher only when his friend f
to him. 0 Yosuk e sthdertsi coWdeerplaih im simpley eabier 1to
understand language than the teacher who he believed would use specialised, not easy

to understand | anguage. He c¢cl ai med fATeache
easy to under st an dhe sameCihterview, preférred t@ahavechis d e d t
guestions addressed by his Chinese friend
Chi nes e . o0houkhee m agreansent with the idea of inviting the whole class

to deal wi th a st udadaingtdmm, spme ssutlents couldbbe c a u s e
struggling with the same problem Abut we
26\10\05, Fiona, like Yosuke and Chen, stated that she preferred to seek assistance

from Lily (her friend) first before asking the teachereSh decl ared AMy f
because | think she is better in mathematics and we can talk in Chinese. | think Lily

can understand my problem better. o Lily act
If not, | ask the teacher...We want to talk to a friend in Ghiee. 6 St udent ¢ omr
demonstrate language issues experienced by my students that may prevent them from

asking questions.

During a separate interview (46\0 5 ) , Raymond agreed #fAif h
answer, I ask the teacheuwsano(28D\05) and i ew wa ¢
Ahmed 311005) who said AMy friend first becau
tell me . Same education | evel, same thinlik

interview, Laila said that she felt more confident interacting with gesrs. Laila
preferred to fAask anyone in classo but K h
was also essential. Carol 26000 5) had ot her i deas. She sai
someone. | want to try to solve the problem myself. If | still do not havidea | will

ask my friend before asking the teacher. o
to achieve a balance between asking questions and, exploring and relying on her own
thinking. A similar spread of comments emerged when | interviewed sthéents

in 2006. Ray, Muhannad, Najilla, Omar, Yuichi, and Max, for example, stated that

they preferred to direct their question at a friend before the teacher, reflecting their

confidence in their peersé ability to addr
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More confdent to ask questions in a smgitbup setting or after class

There was a group of my NESB students who were more confident to ask questions

when students were working in small groups or after normal lessons, rather than

during wholeclass discussions. Fanstance, during a student greurnperview in

2006 Honda stated AWe candt ask questions
ti me we can ask questions | i ke, 6How <coul
ti mes. 0 Sayur i, w h o viemg smplasizecetmtextragimet he s a
separate from normal class time, should be created to allow NESB students to ask
guestions. Both, Honda and Sayuri, believed that time for student questions should be
timetabled to allow NESB students to ask questionsniall groups. Honda and

Sayuri 60s remar ks indicate even though the
questions in their mathematics learning, they lacked the confidence to ask questions

during wholeclass discussion. The comments also reflected a meedtablish the

norm of students asking questions.

In summary, student comments, during interviews, suggest that, for them it was
important to be given the opportunity to ask questions and for their questions to be
responded to by the teacher or othandsnts. Additionally, student comments
suggest that some of my students may be discouraged or prevented from directing
their questions to people other than those who speak the same language as them, by
limitations in their English language proficiency. Themments also reflect that

some students may lack the confidence to ask questions in-alasgediscussions.
Overall, student comments indicate the challenge to develop the social norm of

students asking questions in classroom activity.
5.5 Chapter summaty

This chapter has presented and analysed data that demonstrate my desire and actions
to initiate and guide the construction and development of classroom social norms that
value and provide a safe environment for student participation. The social norms for
participation | initiated and promoted were volunteering to share ideas, explaining
and justifying, and asking questions.
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Analysis of student interview data suggests that there is no consensus among NESB
students regarding their expectations of how mathemahould be taught and
learned as a social proceser about their obligations to volunteer to share ideas,

explain and justify contributions, and ask questions.

Data indicated that a focus on developing the social norm of students volunteering to
shae ideas, gave rise to more effective sagatiup and wholelass discussions and

greater communication of student ideas. It indicated that there was greater student
participation and contribution of ideas. Students experienced learning mathematics as

a saial process.

Regarding the social norm of students explaining and justifying, data showed that the
development of this norm allowed clarification of ideas to be expected and sought by
students. Reasons or explanations and justifications were provitdidlypby the
students. Data showed that my students sought and learned from explanations and
justifications, were held accountable for their contributions by classmates and me, as
the teacher (see Examples 5.3.2, 5.3.3 & 5.3.4). It indicated that, migghgsmy
students offered explanations and justifications without being pressured, and

experienced and shared authority (see Example 5.2.8).

As for the social norm of students asking questions, the data indicated that its
development became a stimulug fengagement in smagfroup and whole&lass
discussions, fostered active exploration and learning (of mathematics), and made it
possible for student questions to be used as a tool for teaching and learning. In
addition, the data indicated that, over timg; NESBstudentdeveloped the ability

to formulate and ask questions and learned to use student questions as a learning tool

and developed the ability to formulate and ask questions.

Different student perspectives, as reflected by interview data, upndelsche

challenges in initiating and guiding a process that allows NESB students to develop
normative focus on sharing ideas, explaining and justifying, and asking questions (see
sections 5.2.2, 5.3.2 & 5.4.2). Interview data indicated that, in spitavafidmixed

vi ews about whether it was the teacher ds,
student séb responsibility t o expl ain and

explanations and justifications, and recognised their importance. In relatithre t
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norms in this chapter, the data also reflected language demands experienced by NESB
mathematics students as needing to be addressed (see section 5.4.2). In addition, data
reflected some NESB studentsodé gr ada al acec.
that values sharing ideas, explaining and justifying, and asking each other questions,

in classroom learning activities.

Regarding teacher change, data indicated that | changed my teaching strategies as
time progressed. Changes in teacher practiceefected by the data, included
spending more time paereparing mathematics tasks and focus/key questions
(section 5.2.1; section 5.3.1 & section 5.4.1), displaying focus questions and student
work on the board or overhead projector (e.g. examples 523.4dr; & 5.4.1a), and
making use of multiple teaching strategie:c
(see journal extract JE 5.2.5; examples 5.2.1c & 5.3.1c). Other changes in my
teaching practice, portrayed by the data are teacher move to 4fihgra classroom
environment where students felt safe to articulate their thinking through organising
smallgroup to wholeclass discussions (e.g. example 5.2.1b; example 5.2.1e); (2)
allowing students longer watitme (e.g. examples 5.2.1b; 5.2.1c; 52.%.2.1f); (3)

making use of more prompting and probing questions to encourage students to share
their thinking and to explain and justify their thinking (e.g. example 5.3.1a; example
5.3.1b); and (4) creating more opportunities for students to ask anegt.g. JE

5.4.1 in example 5.4.1a). The data presented illustrated that | moved from first
nominating all students at random at the beginning of the semester and then only
volunteers (see examples 5.2.1c; 5.2.1g & 5.2.1h), and when | began to cowpsciousl
work to overcome challenges, for example, striking balance between assisting and
avoiding o6tellingd (see example 5.4.1b) .

Classroom social norms alone do not, however, provide adequate support for NESB
student sé6 mat hemat i cs witheha generahsgcial apacesgf ar e c
the classroom, yet NESB students need support on specifically mathematical aspects

of the classroom. Furthermore, based on the sociocultural perspective adopted for this

study, social norms and sociomathematical norms@mgplementary. It is therefore

logical that while developing social norms, attention should be given to the

development of sociomathematical norms. Chaptgoresents and analyses data
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relating to the initiation and development of sociomathematical nformaomoting

conceptual understanding.

151



CHAPTER 6

DEVELOPING PRODUCTIVE SOCIOMATHEMATICAL NORMS
6.1 Introduction

This chapter focuses on the development of sociomathematical norms to do with
mathematical probleranalysis, mathematical explanation and justification, and
mathematical communication. | demonstrate the ways by which the students and I, as
the teacher, ctdctively negotiated these norms, during ongoing classroom
interactions. The episodes used are not meant to be typical or to reflect an ideal
classroom practice. Rather, they have been chosen for their power to clarify and
explain important aspects of howroductive sociomathematical norms were

negotiated in my classroom across a range of mathematics content areas.

Since sociomathematical norms are concerned with normative aspects of classroom
discussions specific to mathematical activity and the evoluiibgria for what counts

as acceptable mathematically, | have presented results that show the ways | guided
students to develop takesshared understandings of what constitutes mathematical
problemanalysis, explaining and justifying mathematically, acmmmunicating
mathematically. Data are provided that demonstrate the development of these
sociomathematical norms as enabling coherent mathematical discussions to occur and

to create mathematical learning opportunities for the students. | argue thattipeoduc
sociomathematical norms are emergent and communal phenomena, rather than

i ndividual . I n addition, the data demonst
mathematical beliefs and values as they participated in the negotiation of
sociomathematicalonr ms . I il lustrate the ways i n wh
individual mathematics learning can be supported through the development of these

norms.
6.2 Mathematical problemanalysis

In this section, | present five episodes that demonstrate the ways | initiated and
guided the development of the sociomathematical norm of mathematical problem
analysis. The episodes illustrate that in this study, mathematical problgysis

came to mearstudents developing (i) a normative focus on reading the problem
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carefully, (i) identifying and finding the meaning of unfamiliar words, terms and
phrases, (iii) identifying key information and (iv) then not just summarizing but
thinking through how thanformation related to the problem to be solved. In
addition, the mathematical problesnalysis norm came to mean (v) students asking
themselves what the problem required them to find. | document the evolution process
of the norm of mathematical probleanalysis by describing and interpreting my
experiences, as depicted by classroom episodes. | triangulate my experiences from
classroom episodes, based on audiotapes of classroom discussion and my journal with

data from student grotipterviews.
6.2.1 My eperiences

In this section, | detail classroom episodes and associated journal extracts that
demonstrate my desire and actions to develop the sociomathematical norm of
mathematical probleanal ysi s, i n a manner that SupQp:-
The epsodes also illustrate student actions to develop this norm in wlads,
smallgroup and individual student settings in the mathematics topics of normal
distribution, binomial distribution, arrangements and selections, confidence intervals,
and modellig problems. The classroom episodes and journal extracts demonstrate
how students learned what constitutes a useful process of a mathematical problem
analysis. That is, a probleanalysis as a sociomathematical norm involved
identifying the vital informatio embedded in a mathematical problem description;
finding the meaning of unfamiliar words, terms and phrases; thinking through how
the key information related to the mathematics problem being posed; and identifying

what the problem requires students talfin

Example 6.2.1a: Wholelass analysis of a contextualised normal distribution

problem

The purpose of this episode is to demonstrate the way | guided the whole class to
collectively analyse a contextualised normal distribution problem. The episode
occured a few minutes into the lesson on 25 August, 2005. In previous lessons,
students had studied basic concepts of the normal distribution and the standard
normal distribution. That is, main properties of a normal distribution, parameters of a

normal distibution, notation used, standard normal tables, and the relationship
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between the normal and standard normal distributions. During these lessons, | always
encouraged my students to analyse a mathematics problem to understand what was
required by the problen©n this occasion the problem was about a phone company.

The phone company problem:

A company is considering setting up a long distance phone company. From
the investigations it has been found that the length of long distance phone

calls is approximatelpormally distributed with p = 12.5 minutes afidg-5.4
minutes.

Find the probability that a randomly selected long distance call is between 10
and 15 minutes. (Lakeland & Nugent, 2004, p. 265)

The episode opens when the whole class was analysing the problerdetstand

what was required.

1. Me: Looking at the problem on the board, what key information can
extract or identify?

2. Hao: Normal distribution.

3. Me: What do we know about the normal distribution? What impor
information about the normadistribution is in this problem?

4. Rita: Mean is 12.5.
5. Me: Mean of this normal distribution is 12.5. Anything else?

6. Ahmed: Standard deviation is 5.4.

7. Me: Yes. What other information can we deduce?
8. [Silence. No responke
9. Me: Someonementioned normal distribution. In this case, is th

anything we know about this normal distribution?
10. Chen: X is a variable, | think.

11. Me: | do not see X in the question. Where is X coming from? Or cal
use X to represent something? What doestaxd for?

12. Rita: Lengthof calls. X =lengthof calls. X is normally distributed.

13 Chen: So we want probability of X between 10 and 15

14. Me: What do you mean by fAX betwe
15. Chen: X =10, 11, 12, 13, 14, 1kengthof calls
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16. Me: Good. Let us write down a summary of the information we t
identified. What about fractions? X = 11.25, for example?

(Episode 6.2.1 (25/08/05) (Class 1): Phone company problem)

This episode demonstrates the way | guided the establishment of the
sociomathematical norm of analyzing a mathematical problem to identify key
information, and then thinking through how the information related to the problem
that students were required to solve. My action in asking the opening question (line 1)
was to prorpt my students to read the problem carefully to understand what was
involved in the problem. | continued to probe students for more ideas about the focus
of the problemi the nature of the normal distribution, the variables, and what the
problem requiredtadents to find (lines 3, 5, 7, 9). The episode shows that at least
those students who contributed to the discussion, could read the problem to identify
key information and relate it to the problem and decide what they needed to calculate.
Chends tione miines 13 and 15, for example, suggest that he had analysed

what the problem required him to do.

The next example focuses more closely on how an individual student went about the

process of problem analysis involving a contextualised binomialgrobl
Example 6.2.1b: Individual student analysis of a contextualised binomial problem

This example demonstrates the way | guided a single student, Fiona, to analyse a
contextualised binomial problem. This episode happened a few minutes after whole
classdiscussion of the four conditions for a random variable X to have a binomial
distribution. These conditions were that there are only two possible outcomes for
each trial; there is a fixed numbaer,of identical trials; the probability of a success,

at each individual trial is a constant; and each trial is independent (Barton, 2001, p.
65). The class discussed the meaning of each condition and the need for students to
be able to identify and apply it appropriately when it was directly or indirectly

refared to in a mathematics problem. The binomial probability formula, i.e.
P(X=X =C pgd”* for 0¢x @ (Barton, 2001, p. 65) was discussed and its

legitimacy was collectively explained and justified, using mathematical reasoning.
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We enter the episode as students are finding the solution ofodwer striker
problem some individually and others in small groups.

Thesoccer striker problem:

A soccer striker scores in one game in three, on average. Find the probability
that he scor®only once out of his next seven games. (Barton, 2001, p. 67)

The students had been working on the task for a few minutes when Fiona called me
over and asked me a question.

1. Fiona: What does this meanPoi nti ng at t he
probability that he scores only once out of his next se
games. 0]

2. Me: What do you think?

3. Fiona: It means probability X = 7.

4. Me: Look at the phrase O0scor ecs
mean?

5. Fiona: One.

6. Me: What about the one?

7. Fiona: Probabil i PauséX é= iln. séevien (¢

8. Me: So what do we want to find?

9. Fiona: Probability X = 1.

10. Me: What about d&édseven gameso6?

11. Fiona Yes, number of trials.
12. Me: Can you do the rest on yoown now?
13. Fiona: Yes.
(Episode 6.2.2 (14/09/2005): Soccer striker problem)

A

In the episode, Fionads action in asking a
solution because she did not understand the question. Fiona did not appear to be
expecting me to find the solution for her, rather she seemed to want me to explain

what the question meant so that she could find the solution herself (lines 1, 12, 13).

Instead of telling Fiona the solution, | supported her by asking a sequence of
guestions to help her analyse the question

| was encouraging Fiona to think and contribute to the probkéeralysis. Her reply
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suggested she had read the problem but incorrectly attadcivetl the probability of
scoring a goal . By prompting her to ALook
focusel Fi onads attention on an i mportant par
of the problem. | continued to encourage her by giving her clues to identify key
information, relate it to the problem and ask herself what the problem required her to

find(i nes 6, 8 &10) . Fionads responses indic
collectively analysed the problem, Fiona made attempts to relate key information to

the problem. After getting some support from me to analyse the problem, Fiona

appeared moreonfident to complete the solution on her own.

Example 6.2.1c: Student public analysis of a contextualised arrangements and

selections problem

This episode illustrates the way | guided four students through a public (in front of

the whole class) analysis of a contextualised arrangements and selections problem.

The episode occurred during a tutorial class at the beginning of Semester A, 2006 in

the second year of my study. Tutorial lessons, in the second year, were organized so

that students attempted solutions to problems | gave them, either individually or in

small groups. They could also ask me for assistance, when they needed it. This
arrangemet was newto some studentand based on what | learned about my
teaching in my first year of study. l'ts a
learning by adding a dimension that allowed students to consolidate what they

learned in a particular topic

In the lesson prior to the tutorial, we had covered the meanings of the terms

. . R . , .o

6permut ati ond and 6combi n"BE )Ioandand t h
n-r)!

o= "

Corl(n- )

A few minutes before this episode, students, in sgralips, had solved the

arrangements and selections (numbaerahifd votes) problem which read:

A graduate of a university is allowed to vote for up to three candidates for three
vacancies on the University Council. If there are seven candidates altogether, in how
many ways can the graduate cast a valid vote? (Baz@fii, p.53)
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As was usual when they were working in small groups, most students worked quietly

or just listened and watched the few who did the talking and writing down solutions.

We enter the episode when | had interrupted gnagk and asked all studento

participate in a wholelass discussion of the problem. | took this action after one

group of students told me that they could not solve the problem. | began by focusing

students on the phrase | had heard students in a small group debating thg wfeanin

o > 0w bhoPRE

»

10.
11.

12.
13.
14.
15.

16.
17.

Me:
Thomas:
Me:
Muhannad:

Me:

Omar:

Me:

Thomas:
Me:
Omar:

Me:

Omar:
Me:
Omar:

Me:

Me:

Sayuri:

What do you understand by 7
Can be one?
Is that all?
One or two.

Someone has said one or two, what do others think abou
answer?

| think it means one, two or three.

Now, when do we stop? One,
far should we go?

It is one or two or three only, not four.
Why do we stop at three?
Because three candidates only.

So, one or two or three. Is themaything else that is given i
this problem?

n = 7. Number of candidates is 7. And r = 3.
Anything else? What else is important in this problem?
Nothing.

We cannot have all the answers coming from one person. '
do others think?l[ong silencé

So, what do we want to find in this problem?
Number of ways of casting a valid vote.

(Episode 6.2.3 (03/03/06) (Class 3): Number of valid vote
graduate of a university can cast)

In contrast to the previous example where only two people, Fiona and me, were

involved in problem analysis, in this example, the discussion involved four students

and was conducted in front of the whole class. In this episode, my questions were
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directed atthe class as a wholel wanted all my students to read the question
carefully (line 1), identify important information (lines 3, 5, 11, 13 & 15), think
through how the information related to the problem (lines 7 & 9), and ask themselves
what the problemmequired them to find (line 16). The data shows students, belonging
to various small groups, actively participating in the probéaralysis process with

me. It also shows that | reminded my students that | expected all of them, not just one
or two, to contibute to problem analysis by sharing their thinking regarding, among
other things, key information in the problem (line 15). Based on my actions and
student responses, this episode shows that | guided the establishment of the
sociomathematical norm whernelstudents had strategies to analyse mathematical
problems by reading carefully, finding the meanings of unfamiliar phrases,
identifying key information and relating it to the problem, and asking themselves

what the problem required them to find.

Example6.2.1d: Smalgroup work following wholelass analysis of a contextualised

confidence intervals problem

This example demonstrates the way | guided whtdses analysis of a contextualised
confidence intervals problem, which was followed by srgedup wak. It illustrates
students undertaking careful analysis of a mathematics problem through reading,
checking the words, identifying key information and what the problem is asking, as a
class, and then practising problem analysis in small groups. This efiapgened a

few days after the previous one, (example 6.2.1c) had occurred. The mathematics
ideas of confidence interval, confidence level, sample mean, sample size, and
population standard deviation, and their associated notation, were introduced and
discussed in the lesson preceding that on which this example is based. In this episode,
| began the lesson by organising a whdkss discussion focused on analysing a
contextualised confidence intervals (market gardener) problem. The students then

solved tke problem in small groups.

The market gardener problem:
A market gardener is preparing a report for her seed supplier. She wants to
include information about the mean weight of the pumpkins she grows. A
95% confidence interval for the mean weiglten 40 pumpkins are sampled
gives 4.71 kg <1<5.93 kg.
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a) What is the mean weight of the 40 pumpkins?
b) What is the margin of error in this confidence interval?

C) The seed supplier complains that the confidence interval is too wide to
give useful information about the mean weight. Suggest two ways in
which the confidence interval could be made narrower. (Barton, 2001,
p. 231)

After the lesson, | wrote a journal entry reflecting on the events that took place in

class. My journal extract read:

I n t dedsory hsleclass discussion focused on analysing the problem,

which was displayed on the overhead projector. This session preceded small

group work. | began the whotdass discussion by asking students to read the

problem carefully, identify key infornti@n, think through this information

and relate it to the problem, and then ask themselves what the question
required them to find. | allowed students wiate so that they could process

their ideas. After a little while | asked them whether there wathenyyin the

problem that needed clarification. Students indicated that there was nothing
needing explanation. In spite of this, | reiterated the importance of knowing

the meanings of mathematical words, terms and symbols when analysing a
mathematics probm. Then, through asking a sequence of questions | was
able to elicit studentsod ideas about k
the problem required them to find. Several students contributed this
information and | summarised it on the board. Thomagilldl Muhannad,

Omar and Jessica were the main contributors of ideas. Many students used
mathematical language and symbols that had been introduced and utilized in
previous | essons. For example, today sa
errorbdedcenfFevel 6, and démean weight 6,
to correctly use these terms allowed coherent communication of mathematics

ideas to take place. There were, however, students who struggled with
pronouncing some of the words. | helped éhstudents with pronouncing the

words by verbalising them myself, hoping this would encourage them to
continue to participate and contribute. | used these words and terms while
clarifying some studentsdéd contributions

To further support students analybe problem, at one point | drew a diagram

or line segment on the board, and then marked the midpoint and two
endpoints. | was conscious, though, that my actions could possibly block

some students6 ideas. Through questi on
students relate key points (midpoint, two equal parts of the line segment, and

the two endpoints) on the diagram (or line) and the key information in the

problem. As a class we labelled sample me{&h, margin of error €),

confidence interval (C.l.), and the lower and upper limits of the confidence
interval, on the diagram (or line segment). Students and | exchanged ideas
during this process. It appears students used this labelled line segment to link
key information in he problem with what they were required to find.
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After analysing the problem as a class, students completed the solution in
smallgroups. Then they continued to solve similar problems in their groups.
(JE 6.2.216\05\06) (Class 3): Market gardener praile

This journal extract details how | helped students to analyse the market gardener
problem by encouraging them to read the problem carefully, identify and find
meanings of unfamiliar words, identify key information and then relate it to the
problem, andisk themselves what the problem required them to find. | also noted that

| supported student thinking by asking a sequence of questions that prompted them to
provide key information in the problem. | further supported student thinking by using

diagrams tdhelp them think through what was involved and required.

The journal extract illustrates that | emphasized the importance of correctly using
mathematical language to aid problamalysis and support learning. This is evident

i n my comment edttheanportéinte of lmowing th@ meanings of

mat hemati cal words, terms and symbol s whe
also encouraged students to use mathematical words, terms and phrases, both verbally

and in written form. In my journal entry, | reat that | modelled pronouncing and

using mathematical words, terms, phrases and symbols to support students in
collectively analysing the problem. For students, knowing key words is important

when undertaking mathematical problamalysis because this alle them to think

through and relate key information to the problem and identify what the problem

requires.

This journal extract indicates that | observed that a number of my students willingly
participated in analysing the problem as a group. | toogetlaetions to reflect that
these studentsere aware o&nd valued the social norm of sharing ideas, and its vital
role in supporting collective problem analysis. These student actions can be seen to
reflect student social and intellectual autonomy. Theestts knewvhenandhowto
actively participate. They freely contributed mathematical ideas. The actions also
suggest student adoption of an academic culture that valued sharing thinking.
Students publicly shared their ideas with everyone else in dlhssjournal extract
suggests that some of my students had adopted the norm of carryicgrefut
reading, finding the meanings of words and phrases, identifying key information and
relating it to the problem, and identifying what the problem was asking.
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The next example happened towards the end of the semester. It is focused on students

collectively analysing a contextualised modelling problem.
Example 6.2.1e: Wholelass analysis of a contextualised modelling problem

This example illustrates the wayy students contributed to whetdass analysis of a
contextualised modelling problem. Students worked on a modelling (dehumidifier)

problem in small groups before participating in whdless discussion.

The dehumidifier problem:

A dehumidifier is instdéd in a damp room to remove moisture from the air. It
is claimed thatt hours after installation, the humidity level (percentage of
moisture in the air) will be modelled by the function:

h=100- 20”™ for 0¢t ¢ 24

Calculate the claimed humidity level 12 hoafter installation.
How long will it take for the claimed humidity level to halve? (Barton, 2001,
p. 311)

In my journal | wrote:

As in earlier lessons, | allowed students time to discuss their ideas and find a
solution to the problem, in groups. In adadlitj | encouraged them to identify

and agree on the meanings of unfamiliar words, terms and phrases. | opened
whole-class discussion by asking students to repack on what they had
agreed in their group. No student or group indicated that they couléauit
agreement on the meanings of words, terms and phrases in the problem. I,
however, once again emphasised and explained why it was important that they
know the meanings of the words in a problem. | also reminded students that
understanding contextuadid mathematics problem increased their chance of
finding its solution. Then, | asked students to say what key information was
and what they were required to find. Students took turns to provide key facts
they had identified in small groups, and | summarigem on the board.

When Karen responded toh:o%ﬁ64c‘>oflmwr@nues
what she had said on the board. | mmedi
demanding to know where her numbers came from and why she muI%pIied

and 64. Some studentspgpwrted Davy. Further wholeass discussion first
focused on Karenb6és suggested solution n
which the class had another look at what information was given in the
problem and what t hey wer e tonevgsui r ed t
dismissed. Instead, students agreed that for part (a), ttimel2, hence

humidity after 12 hours could be found by replacirgy 12 in the formula.
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Secondl vy, for part (b) the phrase #dcl ai

of conversation. Soe students proposed findinéof 100 while others

suggested% of the original humidity level, i.e. when t = 0. Both camps made

attempts to justify their claims. After some debate, collective understanding
was arrived at. That is, finding initial humiditye first, when t = 0, halving
it, and then using this value to find the time. While answering similar
problems after wholelass discussion, many students, working individually or
in pairs, summarised key information on paper before writing the remainder
of their solution. Most students produced acceptable solutions. (JE 6.2.3
(08/06/2006) (Class 3pehumidifier problem)
This journal extract demonstrates the ways | continued to support the establishment
of the sociomathematical norm of students undemtpkmathematical problem
analysis of a contextualised modelling problem. It suggests that the students
negotiated the meaning of Aicl ai med humid
meaning of unfamiliar words and phrases. It also indicates that at thisniéaethe
end of the semester, students had become accustomed to reading the problem
carefully, could identify key information and relate it to the problem, and identify
what the problem was asking. The journal suggests that for this group of students,
mathematical probleranalysis had become part of their solution process. It suggests
that the discussion, focusing on Karenodos i
analyse a contextualised modelling problem by allowing students another opportunity
to collectively carry out probleanal ysi s. Davybés chall enge
further problerranalysis. It triggered communication of mathematics ideas in a way
that encouraged other students to take part in analysing the problem in a way that
suppd t ed | earni ng. Davybds actions demonstr af
and other students, acted volitionally and made independent mathematical decisions
about the validity of Karenods solution n
autonomously wén they made decisions to suggest an alternative approach solution

which turned out to be the acceptable one.

In this subsection, | have presented five episodes that demonstrate the ways | initiated
and guided the establishment of students undertakirgjutanathematical problem
analysis through careful reading of the problem, finding meanings of unfamiliar

words and phrases, identifying and relating key information to the problem, and
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asking what the problem required. The next section presents stustspegtives

related to mathematical probleamalysis.
6.2.2 Student perspectives

This section presents interview data that demonstrate that my students found
contextualised problems challenging and hard to understand because English is not
their first language, and that students could not undertake effective mathematical
problemanalyss. Additionally, the section presents student perspectives that
demonstrate the need for the teacher to initiate and guide the development of the
sociomathematical norm of analysis of a mathematics problem through reading the
problem carefully, checkinghé meanings of unfamiliar words, terms and phrases,
identifying key information and relating it to the problem, and identifying what the

problem requires them to find.
Contextualised mathematics problems are challenging and hard to understand

During sepaate interview sessions with groups of students, most of the students who
commented about contextualised mathematics problems said that these are
challenging and hard to understand. On 13 September, 2005, for example, | had a
formal interview with a groupf four students: Fiona, Lily, Miriam and Carol. We
enter the dialogue when we were discussing the role of contextualised problems in

learning mathematics.

1. Me: What is your opinion on story problems? Is it a good idea to |
guestions isndvoilnvimagt Mesrmaotrii ces *
2.  Carol, | prefer questions with no stories.
Lily &
Fiona:
3. Me: Why? Which mathematics problem is more interesting, one w

story or one with no story?

4. Fiona: Stories are more interesting but more harder. The languagenu:
story problems is hard to understand.

5. I f we donot understand the
confused. Stories are not important.

6. Me: So do stories make mathematics questions easier or more diffic

7. Carol,
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Lily & More difficult.
Fiona:

8. Carol: We must understand the question first. Then we do it.

(Interview 6.2.2 (1®92005) (Class 1): Fiona, Lily, Miriam an
Carol on their difficulties with understanding the problem)

This data suggests that for these four students contextualised mathematics problems
were challenging and hard to understand and, in their view, hindered rather than
helped them to learn mathematics. Despite apparent agreement among the four
students abouheir preference for questions with no stories, Carol acknowledged the
importance of understanding the question in line 8. In a separate interview, (14
September,2005) Rita expressed the same view as Carol. Across these two
interviews, student comments dicate that they recognised the value of
understanding a problem in mathematics learning. Given they found contextualised
story problems hard to understand, these data indicate the need for the teacher to

guide the development of students' problemalysisstrategies.

In another interview, also in September 2005, Ahmed, Khoula and Laila
acknowledged that they had problems with the language of questions and asserted
that this affected their being able to understand and solve contextualised questions.
Khoulas ai d, #fAlt is difficult to understand
agree that sometimes we fail to get the

Khoula advised that the mathematics teacher should assist them to understand what

tf

me

Ahmedreerred to as Atricky questions. o0 Ahme:i

guestions because they confuse studentsé

he preferred Aquestions with no stories.

Fi onads a gradupsfalong evithRia reflect that these students did not have
the ability to engage in productive problemalysis.

When | interviewed Ahmed the second time, on 31 October, 2005, he had changed
his mind. He preferred to learn mathematics using cordaégéd rather than nen
contextualised probl ems. Ahmed sai d 0.
better with stories than just figures. o
had shifted his views about mathematics. During the samwigwe Laila proposed

that students should ask i f they did not
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not understand. If you share with other people it helps to understand the problem.

Thi s i s i mportant . o6 Lail ads C oalgsing rat s ref|
problem for understanding. Furthermore, the comments suggest that Laila recognised

the social norm of asking questions to support mathematical prabiatysis. In

spite of their difficulties with contextualised problems, these students reedghis

value of using them for learning mathematics.

In contrast, Raymond openly dismissed the value of using contextualised

mat hematics probl ems. On 15 September, 20
guestion we are looking for numbers... many words aselegs and hard to
understand. 06 Raymonddbés comments suggest t
problem analysis, and also that he had an abstract view of mathematics in that he did

not recognise mathematics as a human activity involving context. Abeutmonth

after the first interview, Raymond had this to say about contextualised problems,
Afésome words are difficult. We do not K r
interview (26 October, 2005) , Dong support
textbook we ca n ot understand. 0 These studentso6 v
lacked the strategiesr vocabulary, or botmeeded to undertake problem analysis,

indicating, once more, the need for the teacher to guide the development of the norm

of problemanalysis.

For Susan, who | interviewed on 14 September, 2005, understanding the question
before solving the problem was i mportant.
the question and then work out the answer.

different interview, who claimed that his drawback was with understanding the

probl ems. He stated Alf I can read the ma
t hen | can do the problems.d In the same
stating Al f alnd etahde agnude sutnidoenr,stt hen | say,

data in previous paragraphs, this illustrates the need for the teacher to help students

develop the ability to carry out productive problamalysis.

In a second interview with Susan on 26 Oeipl2005, she pointed out she usually
asked her peers or the teacher for assistance when she could not understand the
guestion. Susands ¢ o mneeudiuse thd socia nsm ofat ed t
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asking questions to support mathematical prokdeaysis. She alsmecognizedhe

value of careful problem analysis. In a separate, also second, interview (26 October,

2005), Fiona, Lily and Carol were of the view that even with assignment questions
theirmaj or probl em was fAunderstanding the que
teachers was MfAQuestions should have si mpl
international students. o0 Fionads was Al n c
theboards o t hat we can see and read it many ti
comments further demonstrate these student

the ability to undertake productive problem analysis.

Like those in 2005, eight of eleven statke interviewed in 2006 indicated that
contextualised mathematics problems were challenging and hard to understand.
Sayuri, for example, agreed with those NESB students interviewed in 2005 that when

solving contextualised problems, the important thing t@asnderstand the question

first. She said AYes. First I have to und
the same interview, acknowl edged that he
mat hemati cal terms because ofewEBmgnlto shé th

suggest that NESB students could be helped understand contextualised problems by
affording them more time with the teacher
students who coul dnot understand. . . t each
their peers, Honda and Sayuri preferred to ask the teacher to explain the words they

did not understand. Honda said fABecause i
the correct one by asking the teacher. o H
Max, Thomas, Ray, Wataru and Yuichi, all interviewed in 2006. As in previous
paragraphs in this section, the data in this paragraph indicate that these students had
difficulties understanding contextualised mathematics problems. These data
demonstrate, once morthe need for the teacher to guide the development of the

norm of mathematical probleamalysis.
Suggestions for carrying out problesmalysis

Regarding how probleranalysis should be done, the students made a number of
suggestions. Two typical studenewis become apparent from interviews with groups

of students. One suggestion was that students could analyse contextualised problems

167



in groups and then, during whetel ass di scussi on, t he teache
in the group to show the working on theaod and then we compare, not just discuss

in (small ) groups, but as a class as wel |l
do it together [rather than the teacher doing it] with clear explanations and clear
answers on t he b otaftedchers gigkenmore exgqrgpées ibvehdng t h a
contextualised mathematics problems that would be more helpful for the students.

He claimed that the number of examples that were being used in class was not enough

to be of signi fi canmatch kearnid. iinstead af analytsingd e nt s 6
guestions in smal/l groups, he preferred t
explain the meaning of the question and s
added Athe teacher s houllydedsxwelcanifollow hiow t he
approach. 0 Emdéds comments suggest that he v
students could use to analyse a problem. Although these two students (Chen & Em)
seemed to agree on the value of analysing contextualised plileeir comments
suggest maj or di fferences in their Views
il lustrative of a view of mathematics as
with a view of mathematics as a product that could be transmitted frotmaitteer to

students. As in the previous section, these data demonstrate that students considered

their teacher has an important role to play in supporting the analysis of contextualised

mathematics problems.

To sum up, it emerged during interviews deth in this section, that, for NESB
students, their ability to understand the language used to express a contextualised or
story problem was often a challenge and their ability to carry out mathematical
problemanalysis was closely linked with their unskanding (or lack of
understanding) of the language of the problem. A summary of student perspectives on
issues associated witlhontextualised mathematics problems and mathematical
problemanalysis, including the numband percentage aftudents who expssed

each view, is presented in Table @\t every studentattendinga particular focus

group interview, was expected to answer every question to make a verbal
contribution on every issue being discusdeadngthatinterview. Each student made
his/her own decision regarding which question to answer amavhich issue to

contribute an opinion.
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Table 6.1 Student perspectives agsues relating toontextualised problems and
mathematicaproblemanalysis

Number of sudentswho

expressetheview
Studentperspective (n=27)
First interview Second interview
Contextualised mathematics problems & 24 (89%) 8 (30%)
challenging and hard to understand.
It is important to understand the problen 12 (44%) 25 (93%)
The teacher should help students 16 (59%) 7 (26%)
understand the problem.
The teacher should explain the meaninc 15 (56%) 5 (19%)
the question and how to answer it.
The teacher should demonstrate proble 15 (56%) 6 (22%)
analysis.
Class should collectively analyse a 8 (30%) 24 (89%)
contextualised problem.
Thi s tabl e demonstrates that, i n each

perspectives ogontextualised problems and mathematical prokdealysis. At the

time of the second interview, fewer studestated that theyound contextualised
mathematics problems challenging and hard to understand. The table indicates that, in
the second interviewa smaller number of students expected only the teacher to
explain the meaning of a question and how to answer it, and to demonstrate problem
analysis. At the same time, more students recognised the importance of understanding
the problem and the value obllectively analysing a contextualised problem in small

groups or as a class.

In this study, mathematics learning, in general, and solving contextualised
mathematics problems, in particular, were often accompanied by the normative
aspects of explainingnd justifying mathematically. The next section focuses on

these aspects.
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6.3 Explaining and justifying mathematically

This section presents data that demonstrate the ways | initiated and guided the
constitution of the norm of students expecting and being able to explain and justify
mathematically. In this study, this norm included students developing a normative
focusonc| ari fying their own or their c¢classmat
use of mathematical language, reasons and or mathematical interpretations. My
practices associated with this were (1) the use of contextualised anrd non
contextualised mathematiggoblems, (2) organizing smajfoup and wholelass

discussions, (3) teacher modelling mathematical explanation and justification, (4)
revoicing, (5) questioning, and (6) allowing students the opportunity to explain and

justify mathematically. In additio, the section outlines stu

explaining and justifying oneds own or oth
6.3.1 My experiences

In this section, | present examples (journal extracts and episodes) to illustrate my
actions to establisthe norm of explaining and justifying mathematicalljhese
examples also describe studentsé actions
acceptable mathematical explanation and justification. In addition, the examples
demonstrate that students cameunderstand that an explanation or a justification

was acceptable, as a sociomathematical norm, if it comprised a mathematical reason

or a currently takeiasshared mathematical interpretation.
Example 6.3.1a: Encouraging students to request/provide matiwal reasons

The purpose of this journal extract is to demonstrate the way | encouraged my
students to request and provide mathematical reasons. This example comes from a
series of lessons on probability. In lessons prior to this episode, stude s tmasdi

about complementary events, mutually exclusive events and independent events, and

their associated probability rules and terminology.

The lesson in this example began with my introducing the idea of a probability tree
diagram, and discussing howdhdiagram could be used to solve problems involving
probability. Following this introduction, students worked in small groups on a

probability problem involving passing university examinations.
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The probability problem:

A student sitting three universipapers has the probability of 0.6 of passing

her first paper. If she passes the paper, her probability of passing the next one
increases by 0.1. If, however, she fails the paper her probability of passing
the next one drops by 0.1. Assuming this patterttinues for all three

papers, find the probability that:

a) she passes all three papers.

b) she passes only one paper. (Lakeland & Nugent, 2004, p. 114)

My journal extract read:

As | moved from group to group | questioned students about their diagrams.

For example, | asked Yosu&nd Chen to explain why they started by drawing

three and two branches on their tree di
was 'because she writes three papers'
pass or fail (a paper). So two branches.' | let@Gh&n gr oup conti nue \
solution but joined Yosuki 6s group and
with me. Together we identified key information and what the problem

required. As students in the small group responded to my sequence of
questions, inclding those requiring them to provide reasons for their ideas,

Yosuki, used the information agreed by the group to draw branches
representing outcomes for the first two papers. The group then completed the

solution without me.

During a whole class debri@in the problem | asked David, Raymond and
Dong to explain their thinking. To do this they drew a fully labelled
probability tree diagram on the board, with all possible outcomes and
associated probabilities for each event clearly indicated on the bramtlegs.

also displayed their calculations leading to the final answers, on the board.
This display prompted Em to ask why in part (a) they had multiplied
probabilities but in part (b) they had multiplied three sets of probabilities
before adding them up. Ireply David said that for part (a) it was 'times
because the events are independent' and in part (b) ‘times for independent
events followed by plus because its ev
elaborate on his explanation, | supported him by revgismme of what he

said, such as, 'for independent events we say times but when we say event A
or B or C we add the probabilities’. (JE 6.3.1 (14/09/2005) (Class 1):
Probability of a student passing three university papers)

This journal extract indicateshat, my setting a contextualised problem and

encouraging smaljroup discussion, followed by whetdass discussion created

conditions that made it possible for the students and me to requést pralide

mathematical reasons that clarified and justifistudent problem analysis and

contributions towards a solution. The combination of a small group and whole class

interactions allowed me to prompt students for reasons and students to encourage

peers to do the same. By ime@ to encaurage@ndDavi d o
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affirm his provision of mathemati cal reas
mat hemati cal thinking under pi nmwasragareDav i d 0 s
of the need to understand the mathematical rationale behind disgodeto multiply

or add probabilities. This example from the second half of the semester demonstrates

the progress students had made in understanding and being able to explain and justify

their ideas.

Example 6.3.1b: A student clarifies (in front of tivole class) the difference

between sum to infinity and sumnderms

This example is used to demonstrate a student making use of mathematical reasons
and interpretations to clarify the difference between sum to infinity and sum of

terms. Posing probghquestions was the main strategy | used in this example. The
mat hematics idea of sumStaodS,, wdsintmoduced and t

to students in previous lessons involving the topic sequences and series. The previous
example involvedusing a6t r ee di agr amd t o sbatlinvtis pr obab
example the focus was on consolidating the work learned during the previous few
lessons.
We enter the episode when | had written the staten@ras =S, andgd a =S,,
r=1 i=1

on the board.

1. Me: Look at the two statements on the board and dewiuether

they are correct/true or wrong/false, mathematically. Wol
in small groups and justify your answer.

2. [ After a little while ]I a
3. Susan: The first statemerns correct and second is wrong.

4. Me: Why?

5. Susan: 't 6s sum to infinity.

6. Me: What do you mean by '"1t0ds
7. Susan:

Left side of the statemerit a, =S, ], is sum to infinity
r=1

because] a, is a shorter way of writing the sum in the

r=1
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form a +a, +a, +....

8. Susan: : e ,
q a = a +a, +a, +...= sum to infinity o1S, , in short.
r=1

9. [Susan wrote:

4 a = a ta,+a,+...= sumto infinity =S, , on the
r=1

board

10. Susan: ) . -
But right side, [ & =S,],

i=1

[of the secondstatemerjtsays adding values wheigoes
from 1 to sum of terms, which is wrondgso the second
statement is wrong.

(Episode 6.3.1 (10/10/2005) (Class 1): Susan gives reasons to distil

'éar =S, and a_a1 =S,)

r=1 i=1
The episode shows that | used questioning (lines& & prompt Susan to explain
and justify her claim that the first statement was correct and the second was wrong. In
lines 5, 7, 8 and 9 Susan gives a mathematical reason to justify her statement
a a, =S, is valid, mathematically, bué a, =S, is not. Additionally, itindicates
r=1 i=1
that Susan was willing and able to justify her contribution to the whole class with the
use of mathematical reasortder extended explanatioand use of mathematical
terms indicated her understanding of the mathemaiobeds involved. In this
instance, Susan used writing to communicate her thinking and support her
explanation. This strategy helped her communicate her mathematical interpretation.
This extract suggests that Susan was aware that mathematical explanations and
justifications becomec@eptable when backed by authentic mathematical reasons or

interpretations.

Example 6.3.1c: Four students explain and justify (in front of the whole class) why

= e*is an exponential function

This example, which happened two days after the prewoes illustrates that my

actions to develop normatiwass use of mathematical reasons\@nthterpretations
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to clarify andor defend mathematical thinking werentinuous The main strategy |
used was questioning (posing prompting and probing questioimsthe example,
four students explained why= €*is an exponential function. | began the lesson by
writing y = € on the board. We join the episode at this point.

1. Me: We used this statemenRéferring to y = & on the boardl
yesterday. What did we say it is called? What can we say ¢
this statement?

2.  Raymond: Exponential function.
3. Me: Why do we call it an exponential function?
4. Raymond: Because we haveé

[I interrupted Raymonid

5. Me: We cannot have alanswers coming from Raymond. Let
have answers from othersR4gymond had answered tl
previous questionls

6. David: Because we haweto the power ok.

7. Me: What ise? What isx? Can someone add or subtract from w
David has said? Do we always say an exponential fun
when the statement contaimandx?

8. Dong: eis the base anxlthe power. It is a function.
9. Me: What el se? Why do we say it
10. Susan: Function because xamtdps a r ul

(Episode 6.3.1 (12/10/2005) (Class 1): The funcyiere*)

In this episode, my line of questioning indicates that | wanted students to give
mathematical reasons for their contributions. Raymond, David, Dong and Susan in

lines 2, 6, 8 and 10 used mathematical reasons appropriately, indicating that they had

some undrstanding of the statemeypt €. My actions in this episode illustrate the

way | used questioning (prompting and probing) to elicit mathematical reasons from

the students. Data suggest that | probed for the reasoning behind the response (line 3).

It shows that | asked followp questiona f t er a studentds respon
lines 7 and 9 suggest that | was looking for a detailed mathematical explanation and
justification. I was not fully satisfied

chall enged my student s iont (bnes a’d &dvhem ®ongDa v i d 6 s
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responded, | was again not completely satisfied with what he said, so | probed for
more details. My follomup questions were intended to prompt students to provide

detailed mathematical reasons.

In responding to my regular regie for elaboration of their explanation and
justification, but in other episodes, | consider my students leavhatiwas expected

of them regarding aacceptable explanation and justification, that is, their being able

to provide mathematical reasonsctarify andor defend thinking. It further illustrates

that, unlike the situation at the beginning of the semester when few students
volunteered to offer mathematics reasons, by the time of this episode (near the end of
the semester) more students werdimglto do this. Also, they made substantial use

of mathematical language.

Example 6.3.1d Students explain and justify the difference beyweehand
y = ad*

In contrast to the previous episode that focused on one function, this one involves two
functions. It took place as soon as the previous one ended. This episode demonstrates

students explaining and justifying the difference between the fungtiens and y=
ae™
1. Me: | have another statement on the board.
[l wrote y = aé¥]

2. What is similar and what is different between the t
statementsy[= € and y = a&*]?

3. Raymond: They are similar.

4, Me: What are your reasons for saying that they are similar
5. Derek: Both are exponential functions.

6. Me: How do we know that?

7. Chen: Both have a base, and the variable x is in the power.
8. Me: Good. Anything else?

9. Lily: x andy are variables in both.

10. Me: Yes. Anything else?
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11. [Silencé

12. Me: Are there any differences?

13. Raymond: In the firstonea=1andki s al so 1. I
different.

14. Me: What is the difference? Fiona what do you think?

15. [Silencé

16. Fiona: | think first one is a particular function and second on
a general one.

17. Me: Why? What do you mean by a particufanction or a
general function?

18. Fiona: Because in the second statemardnd k stand for any
number. In the first on@ = 1 andk = 1. Therefore
different.

(Episode 6.3.2 (12/10/2005) (Class 1): Comparing and contrg
y = & and y =a€%)

This episode shows how | pushed my students to give detailed mathematical reasons
to back their contributions (e.g. lines 4, 6 & 17). It also shows that a number of
students responded to my requests for reasons (lines 5, 7, 9 & 18). A moment of
silence (lines 11 & 15), allowed students to think through their responses to my
questions. Students appeared to have benefited frortimaitbecause after each
period of silence, one of the students gave an extended explanation and justification.
The studat actions indicate that this group of students was willing and able to give
mathematical reasons to explain and justify the difference and similarity between the
functionsy = € andy = ad*,

By being able to give mathematical reasons to clarify and defend their ideas, students
in this episode demonstrated that thegwthe criteria for an acceptable explanation
and justification. Data suggest that these studestegnizedthat to explain and
justify mathematically, they needed to provide mathematical reasons or

interpretations.

My students had views regarding explaining and justifying mathematically. Some of
these perspectives were disclosed to me during the formal interviews. These are

presated next.
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6.3.2 Student perspectives

This section presents student perspectives that demonstrate that while some students
expected both the teacher and their peers to explain and justify mathematically, others
expected only the teacher would do this.sdl the section presents data that
demonstrate the need for the teacher to support stuttedés/elop a normative focus

on mathematical explanation and justification.
Teacher and peers should explain and justify mathematically

Some of my students werd the view that both the teacher and peers should be
expected to explain and justify mathematically. During an interview in September,
2005, Susan asserted that both the teacher and students should explain and justify
their ideas when students are learmmgthematics. She said:

| think students should think about the question and how to answer it. If the
teacher tells them everything, they cannot think about this (explaining and
justifying). Students should also give reasons or explain and justify their
answers.

In a separate interview (September, 2005), Chen stressed that the teacher should not
work out and explain problems for students
canot do it by yourself it i's bglear essé |
explanations and <cl ear answers on the Dbo
Ahmed, Lily and Fiona (September, 2005) and by Omar, Muhannad and Wataru
(June, 2006) . Lily, for exampl e, sai d f
: t he
responses suggested that the students expected both the teacher and the students to

mathematical reasohsé | f a student cannot do it

undertake mathematical explanations and justifications in mathematics learning.
Lilyds ¢ omme nsuggests that ghe expectad unke,as teacher, to explain
and justify if a student is unable to. Together, the comments reflect the need for
teachers to focus on developing studentsbod

andor interpretations.
Teacher shold provide all mathematical reasons aodinterpretations

In contrast to the eight out of twersgven students mentioned in the previous

paragraph, whose view was that the teacher and students should share the
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responsibility for explaining angistifying mathematically, nine out of twenggven
students said that this was the teacheros
Dong and Raymond (September, 2005) stated that they were used to a system (in

their home country) where the teached dnost of the talking, so they saw no

problem if the teacher in New Zealand provided all mathematical reasons and
justifications. However, when | interviewed them a second time (October, 2005) they

had changed their mi nds. Rcher ramd nstidendsh i d A
explain our answers, with reasons. o0 David
had this to say, Aln Japan, the teacher t e

here the answers, reasons and explanations come from the studerd#fdtent. It

i's better i f teacher expl ains, gives reas:
same country, agreed, and added that the t
do it and the teacher would giadlearly.dfs an an
teacher speaks and expl ains, itds hel pful

the different approach | was taking but did not support it. Similarly, Thomas (June,
2006) decl ared A It i s ] very ndFijiftfeler ent [
[mathematics teachers] give more explanations, the teacher talks more. The teacher
does most of the talking and explains mor
expected the same to happen in New Zealand, but did not specifically say that h

disliked the approach | was using. Max, Yuichi and Najilla, who were also
interviewed in June 2006, agreed. These s
that they considered explanations and justifications to be essential for mathematics
learning, refleing a need for developing the norm of explaining and justifying

mathematically.

In summary, student perspectives in this section demonstrated that my students
differed on whether the teacher and the students, or the teacher only, should carry out
mathematal explanation and justification through providing mathematical reasons
andor interpretations. They, however, seemed to agree that explaining and justifying
mathematically is important. Table 6.2 provides a summary of student perspectives
about issuesetated to explaining and justifying mathematically, together with the

numbers and percentages of students who articulated each perspective, during the
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first and secondocus groupinterviews. Note: Not every studentresponded to all

guestions or made publiheir opinion of each issukscussed.

Table 6.2 Student perspectives omatters associated widxplaining and
justifying mathematically

Number of sudentsarticulatingthe view
Student perspective (n=27)
First interview Second interview

Boththe teacher and students 10 (37%) 21 (78%)
should explain and justify
mathematically

Students need to explain and 7 (26%) 20 (74%)
justify mathematically
The teacher should provide all 18 (67%) 6 (33%)

mathematical interpretations
andor reasons

Mathematical reasoning and 14 (52%) 25 (93%)
interpretation is essential when
learning mathematics

This table indicates that, during the second interview there was an increase in the
number of students whose view was that both the teacher and sttt provide
mathematical explanations and justifications, that students need to explain and justify
mathematically, and that mathematical interpretation and reasoning is essential when
learning mathematics. At the same time, there was a decrease urttier of
students who expected the teacher to provide all mathematical interpretations and
reasons. Thus, data reflect a shift in student perspectives on explaining and justifying
mathematically, as the semester progressed. The table also indicatstidleats
recognised the value and importance of mathematical explanations and justifications
when learning mathematics. These data indicate that, between the first and second
interview, shifts may have occurred in student beliefs and values about the way
mathematics should be learned.

It emerged, however, that when students engage in explaining and justifying their
thinking using mathematical reasons \amdnterpretations, they invariably engage in

communicating mathematically.
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6.4 Communicating mathematically

This section presents episodes that illustrate how | guided the establishment of the
sociomathematical norm of students communicating mathematically. In this study,
communicating mathematically came to mean students gemgla normative focus

on using mathematical language (i.e. terminology and symbols) appropriately to
communicate mathematics ideas. This entailed students being willing and able to use
mathematical terms and symbols and knowing that they were expechtedite first

part of this section, the episodes demonstrate that the development of this norm was
done through (i) the use of contextualised and-cumtextualised mathematics
problems, (ii) a mix of smaljroup and wholelass discussion to allow studsrihe
opportunity to use mathematical language, (iii) the use of a diagram, (iv) teacher
modelling conventional mathematical language, and (v) questioning (focus question
displayed on the board, then asking prompting, probing and extending questions).
The episodes show how this norm regulated classroom conversation and influenced
learning opportunities for NESB students. They illustrate the emergent nature of the
norm of communicating mathematically. As in earlier sections, these examples have
been choserfior their clarifying and explanatory power. In the second part of the
section, | present student perspectives regarding communicating mathematically in

classroom discussions.
6.4.1 My experiences

This section demonstrates my actions to initiate andegthid establishment of the

norm of using mathematical language and symbols to communicate ideas during
classroom interactions. It shows these across three different mathematics topics and
concepts. The examples illustrate how students came to learn aretiaigpthe

criteria for what countsin their classas communicating mathematically. That is,
examples demonstrate the way students learned that a communication was acceptable,
as a sociomathematical norm, if it encompassed conventional mathematical

terminology and symbols.
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Example 6.4.1a: Students usethsmnatical language to communicate conditional

probability ideas

This example demonstrates the way | guided students in developing a normative
focus on communicating their ideas using the appropriate mathematics terms, in this
case conditional probabilityit is typical of my approach that the problem is set in a
context and the solution process included revision of work done previously and
smalkgroup and whokelass discussions. The meaning of the tenobability and

how to calculate it for various typeof events, including the use of probability tree
diagrams, had been covered in previous lessons. The lesson on which this example
was based began with whettass discussion of the meaning of conditional
probability and how to find conditional probabjlitin this example, students first
worked in small groups on a contextualised conditional probability (pie) problem

before discussing their solution as a class.

The pie problem:

At a bakery 12% of customers who enter the shop buy a pie while 25% buy a
filled roll. 8% of customers buy both a pie and a filled roll.

Find the probability that a randomly selected customer

a) buys a filled roll given that they have also bought a pie.

b) buys a pie givethat they also buy a roll.

C) buys a pie or a filled roll. (Lakeland & Nugent, 2004, p. 120)

Part of my journal read:

While working in small groups some students communicated using
mathematical language, others just listened. This is what some tstsda&hin
their different small groups: DavidThe percentages are the probabilities;'
Raymond: 'This is conditional probability’; Susan: 'How do we find
conditional probability?' and Fiona: 'Buys a pie or a filled roll means union.’

During wholeclassdi scussion Carollkdusedhehe sobua
which was displayed on the board. Ahmed demanded an explanation of what

Carol meant by this notation. Carol struggled with the explanation, so |

assisted her by revising, with the class, the meanfitige notatiorC' and '/

. During the remainder of the lesson, more students used mathematical words

or terms and symbols that had been used in the previous lessons. (JE 6.4.2
(8\2005) (Class 1): The pie)

My journal entry indicates that the problem created@oortunity for students to use

mathematical language to communicate their ideas and to experience communicating
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mathematically. The actions of David, Raymond and Susan demonstrate that they

were able to communicate about conditional probability ideasgusiathematical
terminology. CarofMbsandeAlmedhe modatti om, t
me to undertake revision of work done pr e\
Ahmedds and my actions created uwicatet her op
about conditional probability ideas. Also, it indicates that, following this opportunity,

more students used mathematical terminol og
increased ability to use mathematical language to convebseit conditioal

probability ideas.

The next example occurred in the second year of study. The class consisted of
students | taught in the first year of this research, while they were studying a different
mathematics paper, and those | started teaching duringdbedsgear of the study.

So, with reference to this study, the class comprised old and new students.

Example 6.4.1b: Students use mathematical language to communicate ideas about a

perpendicular bisector of a straight line

In this episode, students utbe language of mathematics to communicate their ideas
about the meaning of perpendicular bisector. It demonstrates that | used questioning
(prompting, probing and extending) and a diagram to guide the development of the
norm of communicating mathematigallStudents first worked in pairs solving a
coordinate geometry (perpendicular bisector of a straight line) problem and then came

together as a class to discuss their solution processes.

Perpendicular bisector of a straight line problem:

A landscaper is @wing up a plan of a triangular garden she proposes to use
as part of a reserve development. To make sure that the angles and lengths
work out, she decides to first sketch it on a Cartesian graph and then use
straight line coordinate geometry to check bafculations. She begins by
drawing the line L and marks out the points A, B, C and D. Study the diagram
drawn below. All lengths are in metres.
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De16

Calculate the gradient of the line AD

B is the midpoint of AC. What are the coordinates of C?

Find the equatin of the perpendicular bisector of the line segment AC. Write
the answer in the form ax + by + ¢ = 0. (Lakeland & Nugent, 2004, p. 195)

As students discussed their solution processes as a class, Harries asked me the

meaning

1
2
3.
4

© ®© N o O

Harries:

Me:

Harries:

Me:

Wataru:

Me:
Ray:
Me:

Wataru:

of O per peenterihe apikode atthispei®.ct or . 6 We

What is the meaning df bisector?
What do you think?
| have no idea.

[To the whole clagd. et us all look at part (c). What is tt
meaning of perpendicular bisector?

It means divide into two equal parts.

From which word does bisector come from?
Bisect.

What does bisect mean?

Divide into two equal parts.
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10. Me: Yes. Here we have A bisector. What does it mean? Doe:
mean this?

[I drew a diagram on the boafd

11.
B
M
A
12. [For some time, there was silence. Then, after a w
Tiffany responddd

13. Tiffany: No. Lines must cross at 90Affer a pauseAnd divide AB
into two equal parts.

(Episode 6.4.2 (14/03/2006)Class 4): Perpendicule
bisector)

Harriesd acti on wadawaredhge impongnde iofausderstamcing h e

the language in the problem, in order to solve it successfully. His question provided

me as teacher with an opportunity to support the development of the
sociomathematical norm of communicating mathematically as it encoetpass

students being able to apply mathematical language appropriately. The data indicate
that | redirected Harriesd question to ott
for an explanation, the actions of Wataru, Ray and Tiffany suggest that these thr

students had some understanding of the meaning of perpendicular bisector and that

they were willing to share their knowledge with the rest of the class. The episode
shows that I supported studentsdo thinking
andusing a diagr am. By |l egitimizing Watar u:
10), | accepted the role of mathematics authority and representative of the wider

mat hemati cal communi ty. Ti ffanyds contribu
to use matbmatical language extensively, she also had a deep understanding of the

phrase 'perpendicular bisector.' These students can be seen as making use of the social

norm of sharing ideas. It is noteworthy that they used a number of other mathematical

terms, sub as bisect, equal parts, ariD® as part of explaining the term
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perpendicular bisector, thereby demonstrating their wider ability to communicate

mathematically.
The next example happened about eight weeks later.

Example 6.4.1c: Class 4 students use hmuaatical language to communicate

application of differentiation ideas

This example illustrates my continuing
use the language of mathematics in spoken and written text, in this case to
communicate about thepplication of differentiation ideas. It shows that | made use
of whole-class discussion, questioning (prompting, probing and extending questions),
teacher modelling mathematical communication, and teacher revoicing some
student sdé st at kendevelopment of the nerm pop aomnbunicating
mathematically. In previous lessons, students had studied differentiation, including
the differentiation of polynomials and composite functions. This episode begins a few
minutes into the lesson. Its purpose wagrepare students for growmrk in which

they solved a problem involving the application of differentiation.

We enter the episode at the introduction stage of the lesson.

1. Me: Today we are looking at application of differentiation.

2. [l writethet opi ¢ O Appl i cati otme o
board

3. Me: What does application of differentiation mean?

4. Wataru: Applying rules of differentiation in differensituations.

5. Me: Applying rules of differentiation in differergituations.
Whatdoes o6di fferent situat

6. [Silence. No responke

7. Me: Right. Can we have examples of these different situatio
Those doing Physics, can you help us out?

8. Wataru: Velocity. When velocity is involved.

9. Me: Yes. Velocity. So what ithe link between velocity and

differentiation?

10. Wataru: Velocity is rate of change. Differentiation is rate of chan
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of y with respect to x.
11. Me: Velocity is rate of change of what?

12. Deependra: Displacement with respect to time.

13. Me: Deependra brings in another term. Displacement. What
does displacement mean?

14. [Silence. No responke

15. Me: What other simpler word can we use in place of

displacement?

16. Ray: Distance.

17. Deependra: Distance travelled.

18. Me: So, if distance covered is s we can say velocity is rate ¢
change of what?

19. Ss: ds, dt.

20. [I write V=ds/dton the boartl

(Episode 6.4.3 (15/05/2006) (Class 4): Application of
differentiation)

My actions of eliciting student ideas and encouraging their active participation
throughout this episode (e.g. lines 5, 7, 11 & 15) demonstrate the way | pursued the
development of the norm of communicating using mathematical terms through
whole-class disussion. The episode shows that, to initiate wAnddes discussion, |
posed a prompting question (line 3). Extending and probing questions sustained
whole-class discussion which created an opportunity for my students to communicate
ideas about applicatioof differentiation, using the terminology of mathematics. As
teacher, | modelled communicating mathematically (e.g. lines 3 & 9) and provided

i nstant replays of some studentsod statemer
student s 6 cegitntised the languagentlsey usdd. In doing this, | intended
to encourage students to continue using mathematical language. By allowing a
moment of silence in line 6, | provided time for students to consider their responses

before articulating their ideas.

Granting students the opportunity to use an example as an alternative way of

explaining what odi fferent Ssituationso® me

186



because Wataru (line 8) then introduced another important mathematical term, that is,

velocity.

The actions of Wataru (lines 4 & 9), Deependra (line 11) andDR&pendra (lines

16 & 17) illustrated that these studedtmonstrated that theyuld use the norm of
communicating using mathematical terms. That is, they demonstrated their
willingness b participate and contribute using mathematical language. In doing this,

they demonstrated what this norm could look like when enacted by students. This had
the potenti al to support the normds ongoi
students did. Taketogether, these student actions illustrate the students embracing

the sociomathematical norm of using mathematical terms as part of routine classroom
dialogue. As the lesson progressed, the students continued to use the language of
differentiation when @cussing their ideas and solutions.

My students had their opinion about students communicating mathematically. These
perspectives are presented next.

6.4.2 Student perspectives

In this section, interview data are reported that indicate that my students found it hard
to communicate mathematically during mathematics activities. Also, the data suggest
t hat students need the teacherés support

mahematical terminology and symbols to communicate mathematics ideas.
Communicating mathematically is hard

In separate interviews, my students disclosed to me that they found communicating

mathematically hard. When | held an interview with Ahmed, Laila and Khoula in

September, 2005, Ahmed preferred to fimix /
when discussig mat hematics with his peers. He a
the correct | anguage to use in English. D

He, however, felt that Arabic lacked some terms used to describe certain things so
meaning could sometimes Host if they discussed using Arabic only. Laila and

Khoula were of the view that discussing mathematics with peers was better done in
Arabic, rather than English, because they understood each other better when talking

in their first language. In a sep#ranterview, Susan stated that she preferred to use
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her first language (Chinese) rather than English when discussing mathematics with

peer s because At i s easier t o under star
mat hemati cs i n E n g | ddedd thatostudentst veere aaj alwagsd |, an
willing to communicate mathematically wit
problems with the | anguage. o0 Similar Vview

students in 2006, the general view being that communicatitigematically is hard
for NESB students, in particular, due to language issues. Najilla (June, 2006)

preferred to Acommunicate in Arabic with
Thomas, iSome mat hemati cal words are unf ar
We cannot use them.o I n 2005 and 2006, a

found communicating mathematically hard, particularly at the beginning of the
semester. Student comments suggest that my students found it hard to use

mathematical langage in English,to communicate mathematics ideas.
Teachers should support student language learning and use

In both years, there were students who spoke of the need for teachers to support
student language learning and use. For instance, in 2005, FRiggested that

mat hemati cs teachers fAuse simple | anguage
easier to understand. 0 Yosuke, also 1 n 2
teaching NESB students vocabulary, particularly mathematical vocabulary. In 2006
Honda said Al toés i mportant for t he teach
mat hematically]. o Sayuri, who attended th
were repeated in other interviews, for example, by Em (2005), Laila (2005), Yuichi

(2006) and James (2006). In total, fifteen of my students (in 2005 & 2006) confirmed

during interviews that they expected the teacher to assist them learn and develop the

ability to use English language to communicate their ideas.

The interview data in this section g@gt that these students were sensitive to the role
their understanding of, and ability to use, language played in their communicating
and learning mathematics. Most did not, however, talk about the importance of
students developing the ability to use neatiatical language. They were more
concerned with their ability to use English language in general, not the language of

mathematics.
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My student so comment s, i n bot h 2005 and
mathematically was challenging for them. Addiadly, some student comments

indicate that there is need for teacher care in developing the sociomathematical norm

of communicating mathematically where this encompasses students being willing and

able to use mathematical words and symbols when discussititemmatics ideas.

Table 6.3 presents a summary of student perspectivesnaiters to do with
communicating mathematically, and the numbers and percentages of students who

publicly voiced the perspective.

Table 6.3 Student perspectives @gsues aroundommunicating mathematically

Number of studentgoicing the view
Student perspective

(n=27)

First interview Second interview
Communicating mathematically is 22 (81%) 10 (37%)
hard
Teachers should support student 15 (56%) 15 (56%)
language learning and use
The teacher and students need to 10 (37%) 20 (74%)
communicate mathematically
Communicating mathematically is 11 (41%) 23 (85%)
essential

This table indicates that, some students, who had indicated, during the first interview,
that communicating mathematically was hard for them, changed their opinion as the
semester progressed. It al so indicates th
both the teacher and students to communicate mathematically and the value of
communicating mathematically, shifted between the interviews. At the time of the
second interview, more students than during the first interview, wanted both the
teacher and studento communicate mathematically and the number of students who
expected mathematical communication increased. Apart from this, more students
were of the view that communicating mathematically is essential when learning
mathematics. During both the firshch second interviews, the majority of students
wanted the teacher to support their language learning and use. Overall, the table lends
support to the notion that there is value in a teacher helping students to communicate

mathematically.
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6.5 Chaptersummary

This chapter has presented data that illustrate and clarify the ways | initiated and
guided the construction and development of the sociomathematical norms of
mathematical probleranalysis, explaining and justifying mathematically, and
communicating matheatically. Data showed that the main strategies to do this were
organising a mix of smaljroup and whokelass discussions, the use of
contextualised and necontextualised mathematics problems, allowing waie, the

use of prompting and probing quessorand teacher modelling. Other strategies were
displaying the problem on the board/overhead projector, revoicing and the use of

diagrams.

For each sociomathematical norm, illustrative data was separated into my experiences
and student perspectives. Exdegpwere used to illustrate that students participated

by contributing their ideas during the development and enactment of each of the three
sociomathematical norms. They showed the ways | guided students to develop an
understanding of what constituted Imamnatical probleranalysis, explaining and
justifying mathematically, and communicating mathematically. That is, they
illustrated the criteria for these activities in my classroom. The examples provided
illustrate that, over time, students took a morevacpart in mathematical problem
analysis, explaining and justifying mathematically, and communicating

mathematically.

The focus on establishing the sociomathematical norm of mathematical problem
analysis was accompanied byagus on understanding the athematical question
embedded in a problem (see Example 6.2.1b) and by classroom interactions focused
on negotiating mathematical meaning (e.g. Example 6.2.1c). Over time, as my NESB
students learned how to analyse a mathematical problem, they undertook
mathematical problemanalysis by themselves and within their small group (e.g.
Example 6.2.1e). Gradually, as studentso
problems strengthened, they were able to produce acceptable solutions (see Example
6.2.1e). Studdninterview data reflected that, progressively, fewer students found
contextualised mathematics problems challenging and hard to understand, and fewer
expected me as teacher to help them understand the problem, explain the meaning of
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the question and how tanswer it, and to demonstrate problenalysis. At the same
time, a majority of students came to recognise the importance of mathematical
problemanalysis in mathematics problem solving and the value of collectively

analysing a contextualised problensimall groups or as a class (see Table 6.1).

Classroom episodes and journal extracts indicated that guiding the development of
the sociomathematical norm of explaining and justifying mathematically permitted
clarifications and justifications to become them, an expectation that students had

of each other. More explanations and justifications, based on mathematics reasons
and interpretations, were offered publicly over the course of a semester (see
Examples 6.3.1a and 6.3.1d, with Class 1, at the bewgnand near the end of
semester respectively). In Example 6.3.1a, the students sought and learned from the
mathematical explanations and justifications of others, and their mathematical
reasoning was made public and open to reflection and challenge Isynatas.
Examples 6.3.1c and 6.3.1d show that, later in the semester students offered
mathematical explanations and justifications that were of better quality. They
defended their own and their classmates?®o
rejected o refined some of their original mathematical thinking without being
embarrassed or pressured by others (e.g. Example 6.3.1c). Student interview data
indicated that between the two interviews most of the students who were interviewed
came to understand timeed for both the teacher and students to explain and justify
mathematically (Table 6.2). This suggests that some students gradually recognised
that mathematical reasons and interpretations are essential when learning
mathematics. At the same time, fewstudents expected only the teacher to provide

mathematical interpretations and reasons.

Finally, in this chapter, examples have been presented that indicate that developing
the sociomathematical norm of communicating mathematically led to an expectation

that conventional mathematical language was used to communicate mathematics
ideas (e.g. Example 6.4.1b). This enabled improved NESB student communication of
ideas as in Example 6.4.1c.
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Information from interview data suggested that as time went by, f&weents found
communicating mathematically difficult. Students who had indicated in the first
interview that it was hard to communicate mathematically had changed their mind at
the time of the second interview. Data also indicated that some studenés! izt
teacher to support them learn and use language that would enable them to
communicate mathematically (see Table 6.3).

Overall, examples illustrate that, progressively, some of my NESB students used each
of the sociomathematical norms of mathematwalblemanalysis, explaining and
justifying mathematically, and communicating mathematicalllhe examples
suggested that my students accepted and experienced authority and intellectual
autonomy in mathematics. An example was Example 6.3.1d, when, dushgrt

episode, five students explained and justified (in front of the wilaks) the

difference betweery =€* and y = a€”.

Examples also illustrate that NESB student
by involving them in the negotiation of normative agpespecific to mathematical
activity. From the sociocultural perspective, | have illustrated that the act of

constructing sociomathematical norms is a social, cultural and emergent activity.

In addition to demonstrating that, gradually, students usedusasociomathematical
norms, this chapter has illustratdabw progressivelyl changed my teaching style.
The changes to my teaching practicegre similar to those associated with the
establiiment of classroom social nornme of these changes werenave to (1)
allow students longer watime (Examples 6.3.1d & 6.4.1c), (Ze useof writing on

the board as a form of commuating mathematics ideas (Example 6.2.1d), (3)
makinguseof smalkgroup to wholeclass discussion gamples6.2.1c & 6.4.1a)and

(4) makinguse of more prompting and probing questions to elicit student thinking
and to encourage them to explaird qustify mathematically (Eample 6.3.1b), and to

communicate mathematically XBmple 6.2.1d).

Data presented so far have been coremainly with classroom social norms and
sociomathematical norms. This provides partial illustration and clarification of the
support that was given to NESB studentsd n

to fully understand my teaching practicedan wh a t I did to enhanc:e
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mathematics learning, it is necessary to present clasdrased analyses of

classroom mathematical practices. These analyses are presented in Chapter 7.
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CHAPTER 7

CLASSROOM MATHEMATICAL PRACTICES
7.1 Introduction

This chapter is concerned with the initiation and development of classroom
mathematical practices. The data demonstrates the ways | initiated and guided the
development of specific mathematical practices and at the same time illustrates the
practices thatemerged. The analysis is centred on teacher and student actions,
reasoning, and the use of symbols and tools in different mathematical activities.

Guided by sociocultural theory, the analysis locates students in the social
environment described earlier addmonstrates the collective mathematical learning

that accompanies the initiation and communal development of topic specific
classroom mat hemati cal practices. The <charg
situation of student mathematical developmentdocument the emergence of

negotiated ways of reasoning and acting mathematically that arose as students
participated in the constitution of classroom mathematical practices. By doing this, |

provide evidence of mathematical practices that were estaddlishthe course of
classroom conversations, and account for t

mathematical reasoning and understanding.

Eight classroom mathematical practices are described and discussed. They include
arrangement and selectioraptices, sequence practices, equation practice, logarithm
modelling practice, and limit practice. These practices were selected because they
cover processes associated with key mathematics content areas. Different examples
highlight particular aspects ofhe processes involved in the development of
classroom mathematical practices. While discussing the development of mathematical
practices, | acknowledge the diverse ways in which individual students revised their
arguments as they participated in colleetimathematical practices and contributed to
their development. The individual and social nature of mathematics learning is
highlighted. Student perspectives concerning classroom mathematical practices are
presented and discussed, and a case is made dhaintge mathematics is, in part, a
process of negotiating classroom mathematical practices. Finally, | present the

chapter summary.

194



7.2 Arrangements and selections practices

My analysis in this subsection is based on an episode that occurred in my
mathemécs class on the first day of semester A, 2006. We enter the episode when
students had solved the following task:

Arrangements and selections problem:

Consider a group of friends who decide to go to the beach during the day, then
have a meal at the reatant before going to watch a movie at the movie
house. If there are 2 beaches, 3 movie houses and one restaurant, in how many
different ways could the group of friends spend the day? (Barton, 2001, p. 44)

7.2.1 Mathematical practice 1: Counting the numbef arrows

While students were solving the task, in the text book, in small groups, | moved from
group to group monitoring their work and supporting their thinking through
guestioning. After a few minutes, | opened a whole class discussion by asking the
students to explain how they had solved the task. When no one offered a response, |
suggested that we use a diagram to help us solve the problem. With further probing

some students started to respond.

1. Me: How many beaches should they choose from?
2. Oma: Two

3. Me: How many do they want to go to?

4. Muhannad: One
5

Me: Suppose they choose Beachhdw many choices do they have f
the restaurant?

6. Thomas Three choices.
7. Me: So what is their first choice?
8. Sayuri: A C,F

(Episode 7.2.127/02/06) (Class 3): Number of ways of choosing from diffel
items)
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As the wholec | ass conversation progressed, I

writing the following on the board:

Beach Restaurant Cinema
A C F
B D
E

| then asked the students to work in pairs and find the total number of ways. | could
see students reading andreading the question in an effort to figure out what the
question required. Eventually, many students solved the task by drawing and
counting the number of arrows on their diagrams. Figure 7.1 below is a typical

example of the studentsd working.

Cl\/\‘%m vy K%kam,ﬂ.

Figure 7.1: A student strategy to find the number of possible choices

After a few minutes, | again invited the students to explain how they had found their
answers. The discussion led to the identification of six different ways of choosing a
beach, cinema, and restaurant. There was an almost total agreement that the possible
number was 6. This answer was justified by counting the number of arrows at the

final stage of the diagram, that is, arrows ending at F.

| then changed the problem from 2 beaches, 3 movie B@msk 1 restaurant to 3
beaches, 4 movie houses and 2 restas, and asked students to find the number of
ways of spending the day. Again some students solved the task by drawing a diagram

and counting the number of choices as shown in Figure 7.2.
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Figure 7.2: Finding the number of possible choices

During whok-class discussion, following this smalloup activity, some students

reported that they had found the answer of 24 by counting the number of arrows that

end at H and at I. Other students said they had not used the diagram with arrows but

were able to ge24 by multiplying 3, 4 and 2. The students who had used a diagram

with arrows were not asked to justify their answer indicating that the mathematical

practice of counting the number of arrows had been established for this classroom
community. In contrasthe group that had solved the task by multiplying was asked

by their classmates to explain how and why. These students were able to describe

how they had found the answer (i.e. multiplying) but struggled with explaining why

their method was valid, mathetma c al | vy . Studentsé difficul
thinking demonstrated language demands on NESB students learning mathematics.

At this point of the discussion, | intervened and made use of a diagram on the board

and different colours of whiteboard gen t o hel p support the stu
and justifications of their actions of multiplying the number of choices at each stage. |
supported studentsd explanations by aski ng
they choose the beach? For each wayhafosing a beach, in how many ways can

they choose a restaurant?0 and making cl ar
a beach goes with four choices of a movi e
This conversation provided a transition from the heatatical practice of counting

arrows to that of multiplying.
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7.2.2 Mathematical practice 2: Multiplying the number of choices at each stage

I next asked ASuppose we increase the

restaurants to 9, how bestcanfvé nd t he number of choi ces

students agreed that drawing a diagram with arrows would be inconvenient. Instead
of drawing a diagram and counting the number of arrows, it was agreed that the
quicker and more convenient way of determgiithe number of choices was to
Amul tiply 12, 7 and 9.0 On the basis
mathematical practice that was being developedMasiply the number of choices

at each stagePrior participation, in a previous lesson, bydstots in the negotiation

of the first mathematical practice @bunting the number of arrowsiay have

influenced the rapid emergence of thaltiplication principleas takerasshared.

In subsequent tasks, students used the multiplication principle ve pobblems
involving the possible number of arrangements. Students were able to transfer the
mathematical practice of multiplying to new contexts. For example, students worked

on the following two tasks, in small groups:

Task 1 In how many differentways can four students be arranged i

row?

Task 2 Three books are to be arranged in a bookshelf. In how many

can this be done if there are nine books?

As | was moving round while students worked on the tasks, | noticed no students
relied on drawing diagrams with arrows. Instead, some students created four blank
spaces while solving the first task and three blank spaces when doing the second, that

is, "3 3 3 " and "_3_3 "before writing "4%3%231=24" and

"93 83 7=504". During class discussion it became apparent that students preferred
to use the multiplication principle, rather than drawing a diagram and counting the
number of arrows. It was apparent that, for most students, the actionddadadme

the tasks were selfvident. The actions of multiplying were accepted without any

objections and no one sought any clarification.
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On the basis of these events, it is reasonable to conclude that the mathematical
practice of multiplying the numbeaf choices at each stage of an arrangement had
been established for this classroom community. Events suggested that the
mathematical practice of multiplying numbers evolved naturally from the
mathematical practice of counting arrows. In addition, everggesited that when a
mathematical practice is takesshared in one context it can be transferred and

applied, without need for further justification, in another context.

In contrast to the two mathematical practices | have just described and disaussed, i
the next two examples that involve sequences, it is wtlaks discussion that had a
huge impact on the development of the mathematical practices. Additionally,

managing multiple mathematical practices is illustrated.
7.3 Sequence practices

In this setion, | use three examples that demonstrate how | initiated and guided the
establishment and development of three classroom mathematical practices associated
with the graph of a geometric sequence and the graph of a sequence. Major strategies
to do this vere smaklgroup and wholelass discussions, prompting and probing

guestions, and managing multiple mathematical practices at the same time.

t
7.3.1 Mathematical practice 3: Using ratio (i.egi) to distinguish a graph of a

n

geometric sequence

The purpose for presenting this episode is to demonstrate the way | organised small
group and whole&lass discussions to develop the mathematical practice of using ratio
to distinguish a graph of a geometric sequence. Working individually or in small

groups, students solved a sequence problem before awlade discussion.
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The sequence problem:

Determine whether or not each of the following graphs shows a geometric

sequence.
= E
= 10 10
8 * 8 +
6 & [} +
4 * 4 +
2 *» 2 +
4] 4}
Q 2 4 1] v} 1 2 3 4 5
n n
C D
£
£ 10 = 10
3 . 8 ~ *
[ 6 s 2
4 * 4
2 * 2 *»
*
0 o
lu] 1 3 4 5 o 1 2 2 4 5
n n
=
R -
6 * *
4
2
* *
o
4} 1 2 3 4 5
n

Figure 7.3: Identifying the graph of a geometric sequence (Dividjngbyt,)
(SourceBarton, 2001, p. 285)

While working on this task in small groups, many students referred to their notes
from an earlier wholelass discussion and applied a number of testsrder to
establish a rule for getting from one term to the next. Some students read off
consecutive terms on the graph and used them to find the ratio (i.e. a fraction); others
worked out the difference (subtracting one term from the other). Their exchange
were centred on convincing other group members that the graph represented either a

geometric sequence or an arithmetic sequence. During wlade discussion, a
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number of ideas were put forward and discussed. We enter the following episode

when graph Avas being discussed.

1. Me: Is A the graph of a geometric sequence?

2. Ss: Yes/No.

3. Me: Some are saying yes while others are saying no.

4. Why do you think itdéds O0yesbd

5. Carol: There is first term andommon ratio.

6. Me: What is the common ratio? How did you find the common ratio®

7. Carol: We subtract 2 from 4.

8. Me: What do we mean by common ratio?

9. Raymond: 4 over 2; or 6 over 4, or 8
geometric sequenc&here is no common ratio in graph A.

10. Me: Now when we subtract 2 from 4 what do we get?

11. Lily: Common difference.

12. Me: So, now in this case are we looking for common ratio
or common difference?

13. Lily: Common ratio. In graph C we havever 8; or 2 over 4; or 1 over
2. Common ratio is 1 over 2.

14. Me: Why common ratio and not common difference?

15. Raymond: Because we want to see if it is a geometric sequence. Geometr

Ly :
sequence has common ratio. #5- = . Wemultiply by the

n

common ratio.

16. Me: We multiply by the common ratio. When do we need a common
difference? Carol?

17. Carol: To see if its arithmetic sequence.

(Episode 7.3.1 (10/10/2005) (Class 1): Graph of a geometric
sequence)

During smaligroup work, students had used their prior mathematical practices of

adding a specific number to a term in order to get the next one when dealing with an
arithmetic sequence, and multiplying each term by a particular number to find its
successo(geometric sequence). | opened this discussion by eliciting student ideas
(line 1), and foll owed up by asking stude
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ANoo (lines 3, 4) . I n doing this, I I ni ti
involving the determination of a sequence as geometric through the calculation of a
constant ratio. The ensuing class discussion led to the establishment of a
mathematical practice of using ratio to distinguish between different sequences.
Common ratio and comon difference became explicit issues of whdbess
conversation. Lilyés comment in | ine 13 s
graph C. She used graph C to describe the actions she and other members of her
group had taken during smatoup work, toprove that C was a geometric sequence,

by describing a sequence of actions involved in finding a ratio that can be used to get

from one term to the next.

Significant differences in studentsodé reas
the constitutio of the mathematical practice of using ratio to distinguish between
different sequences. For example, although both Carol (line 7) and Raymond (line 9)

used the values £ 2 and 4 = 4 in their calculations and focused on making whole

class discussion tilational, Carol based her argument on the difference between
consecutive terms while Raymondoés was base
7 shows that she had subtracted a term from its predecessor, whereas Raymond had
divided a term by its predessor. In addition, Carol did only one calculation and used

it to defend her viewpoint while Raymond did several which he used to justify his

answer. In contrast to both students, the question | posed in line 14 initiated a
conceptual discussion that feed on how arithmetic and geometric sequences were

defined by common difference and common ratio, respectively.

Students did not object when Raymond (line 9) used an example as a substitute for an
explanation. This indicates that giving an example waged, in this class, as a

way of explaining. Changes in forms of argument are apparent when Carol realizes

that common difference refers to an arithmetic sequence, and not a geometric
sequence (line 17). Raymond gave an extended explanation in lima@itating that

the sociomathematical norm of explaining mathematically was being used to support

the devel opment of the mathemati cal pract
and ultimately there was a takasshared understanding of dividing a tebw its

predecessor, and using this ratio to pick out the geometric sequence. Throughout the

negotiation of the mathematical practice, | insisted that students give reasons or
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justify their thinking. For example, in lines 4, 8, and 14, | encouragedrdtutte
justify their solutions and explain how they had arrived at the answer. However, in
line 13, Lily provided an explanation without being prompted, indicating thatiake

willing and able tause the sociomathematical norm of explaining mathematically

After further exchanges, the takasshared understanding appeared to be that one

could identify the nature of the sequence by looking at the relationship between
consecutive terms. The mathematical pract.i
consedative terms, divide the second by its predecessor and repeat this process a
number of times and examine the pattern. A common ratio indicates a multiplicative

relation of getting from one term to the next. This is associated with a geometric

s e g uenc efdthat relatiothship is a common difference, the sequence is
arithmetic. If the relationship is neither of these two, the conclusion would be neither

geometric nor arithmetic.

Eventually, students agreed that the mathematical practice of dividing dyeits

tn+1

predecessor i . "

) and repeating the process a number of times in order to

n

discover a common ratio, makes it possible to distinguish a geometric sequence from

other sequences. This takasshared understanding was achieved to a point where it
washobnger necessary for actions to be just

demonstrated communication of mathematics ideas to support learning.

The journal entry | wrote after the lesson further illustrates my eagerness to have
students provide justifications during the development of mathematical practices.

This is what | wrote:
Discussion resulted in students agreeing that the common ratiand bnly

, t t 1 o
in graph C where L L2 It was further agreed that this is the
1 2 3
number that can be used to multiply a term in order to get the next one. The
collective understanding was that for a multiplicative relation, multiply a term

t
by L
yt

n

in order to get the néxerm. In contrast, for an additive relation, add

a,, - a, to a term to get to the next one. The backing was 'a number can be
found (common ratio), in C only, that multiplies each term to get its
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t
successor.(JE 7.3.1 (1@0O\05) (Class 1): Multiplying term b’?—lto get
successive terms)

The agreement that C was a geometric sequence was arrived at through exchanges
based on conceptual rather than calculational understanding. Like Alagic (2003), by
conceptual understanding | mean understanding a concept or toptadyf in a
manner that enables one to carry out a variety of actions or performances with the
topic by ways of critical thinking: explaining, applying, generalizing, and so on. | use
the term calculational understanding to refer to having the abilitymply use a
memorised skill that is going to be useful for that type of task, nothing more. It is
about having the ability to get the correct answer for that particular task. A conceptual
approach was thus used to enable students to solve other probleshsangn
sequences by working from their own understanding. Both the episode and the
journal extract indicate that whetdass discussion of a sequence problem created an
opportunity for students to negotiate the classroom mathematical practice of using
ratio to distinguish different sequences.

The collective understanding of how a common ratio or common difference is used to
move from one term to the next, and the mathematical practice of using a common
ratio to distinguish between different sequencesyigea a basis for the development

of the classroom mathematical practice of plotting sequence terms on the graph

without joining them.

7.3.2 Mathematical practice 4: Plotting sequence terms on a graph without joining
them

This episode demonstrates the way | guided the development of the mathematical
practice of plotting sequence terms on a graph without joining them. Additionally, it
demonstrates how | used smgitbup and whokelass discussions, and questioning

(promptingand probing) to do this.

In small groups, students solved a sequence problem before taking part irclabsle

discussion.
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The sequence problem:

Many students started by drawing up a table of values (see Figu@nd.4ketching

Draw the graph of the sequentg= 1_nZ

the horizontal and vertical axes before plotting the points (1, 12), (3, @), €tc.

n 1 2 3 4 5 6

tn 12 6 4 3 2.4 2
Figure 7.4: Example of student's table of values
Studentsod6 tables of values varied

because

Some had more numbers, while others had fewer. After marking the points

representing sequence terms on the graph, some students joined the points and

produced a curve(e.g. Najilla and Thomas). Others did not join the points, (e.qg.

Omar and Muhannad). Whether or not to join the points became the focus of

conversation during wholelass discussion. The issue that emerged was what to do

with the space between the points.

1.
2.

Me:

Muhannad:

Me:

Najilla:

Omar:

Me:

Davy:

Right. What do we do with these points?

Just leave them like this, why? Can we say we have a graph if we

the points like this?

Just leave them like that.

No. We join the points.

No,

we

dbecaudsé¢ wejare iuging natural numbers, so we
only use whole numbers.

Let us find the value ofitvhen n = 5.3

No. We cannot because 5.3 is not a whole number. §eg@ence we
can only use whole numbers for n.

(Episode 7.3.2 (205\06) (Class 3): Joining points on a graph of a sequence)

In this episode, | started by eliciting student ideas on the issue at hand (line 1) and got

an immediate, voluaty response (line 2). | extended the discussion by seeking a

justi fi

cati

on

for

Muhannados

answer .

The

(line 3) shows that a justification was expected and suggests that the mathematical
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practice of plottingthepoins i s i n the process of being
we say we have a graph i f we | eave t he
understanding of what a graph is. This question also distributed authority to evaluate

the graph to the students. Najil@mar and Davy did this. Naj
was t hat points on the graph must be join
extended justification (line 5) indicates that demonstrated use tiie social norm

for volunteering responses and the needxplain and justify responses as part of the
constitution of the mathematical practice. My suggestion in line 6 that we find the
point for 5.3, as a means of <challenging

from Davy (line 7).

As the discussion pgor e s s e d |l continued to elicit st
a conceptual discourse leading to the establishment of a classroom mathematical
practice of plotting sequence terms on a graph without joining the points. As the
exchange continued, Thomasd Najilla revised their reasoning for joining the points

and, later, while working on similar tasks, plotted sequence points without joining

them.

From the exchanges, it came to be talieshared among students that on a sequence

graph the pointsn( tn) could not be joined up, becausdgook on natural numbers

only. In the later part of the lesson, students drew sequence graphs by marking the

points (n, &) without joining them. On the basis of this, | can claim that it became
selfevident that the graph of a sequence involves plotting the sequence terms but not

to join the points. Omar o6s (line 5) and D
understood Hat only natural numbers are the only possible first coordinates of a

point. Davy was aware that fractional and negative numbers cannot be first

coordinates of a point in a sequence graph.

The next mathematical practice emerged as the class continuedctessd the
interpretation of the sequence graph. The example focuses on the mathematical
practice of increasing the size of the natural number, n, indefinitely and describing the

behaviour of the graph.
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7.3.3 Mathematical practice 5: Progressively inageng the size of n and

monitoring the behaviour of the sequencae, t

As the lesson progressed, in snmalbups students calculated more sequence terms,
extended their table of values, graphed them and observed the behaviour of their
graph as n beanmes larger. In addition, using their table of values, they analysed the
pattern of sequence terms as n increased in value. Several students had their table of

values (See Figure 7.5).

n 1 2 3 4 5 6 7 8 9 10

th 12 6 4 3 24 |2 1.7 |15 |13 |12

Figure 7.5: Student table of values for increasing value of n.

When wholeclass discussion resumed, it focused on both the table of values and the
graph. That is, the students and I, as teacher, continued with the conversation of the
behaviour of both thgraph and the sequence terms as n becomes bigger and bigger
without limit. The graph and the table of values were dealt with separately. For each,
students interpreted the behaviour of the sequence when n approaches infinity. Part of

whole-class conservain was:

1 Me: What can we say about this grapmdsecomes large? When n gets
big [l wrote N- @ on the boarfi how does the graph behave?

2 James: The graph goes down.

3 Me: What do you mean by goes down? Can you explain?

4 Kitty: The graph goetowards the saxis. Like this. Kitty demonstrates
using gesturgs

5. Me: Where does the graph cross thaxxs?

6. Ss: Does not cross theaxis.

7 Me: Now looking at the table of values, what can we say about the

behaviour of, when n increases? How can we describe the beha
of the terms?

8. Thomas: The terms are getting smaller and smaller.
9. Me: What do you mean by that? By smaller and smaller?
10. Najilla: The numbers are becoming very small.
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11. Me: What value(s) of n will give us a negative valuetf@r

12. Omar: No value.

13. Me: What about zero? What value of n will give us zero?

14. Omar: No value.

15. Me: fOkay. Is there anyone with a question? Anything that is not clear
ar?

(Episoder.3.3 (2905\06) (Class 3): Increasing n indefinitely)

This is an example of the way | managed and supported the constitution of multiple
mathematical practices. Specifically, two mathematical practices, involving the same
sequence, were simultaneouslyleclively negotiated by the classroom community.

The first one using the sequence graph and the second using a table of values. In this
episode | prompted for an initial response (lines 1 & 5), and probed to get the
reasoning behind the response (lines 9)&In addition, | modelled using writing to
communicate mathematical ideas when | wridte @ on the board. Simultaneously,

I modelled using conventional mathematical language and symbols (line 1). My
questions were intended to support fine ni n g of both student s
thinking and the mathematical practices being developed. Studemtsastiow that

they were responsive to my questions. They used the social norm of sharing ideas to
support the development of the mathematical practice of progressively increasing the
size of n (number of terms in a sequence) and monitoring the behaviothreof

sequence.
After this class | wrote the following in my journal:

For the majority of students, it was selfident that for this example when n
gets bigger and bigger, becomes smaller and smaller. It did not matter
whether one used the graph or thkle of values. The likelihood thatequals

zero or becomes negative was discussed. An agreement was reached quickly
that in this particular sequence,will not equal zero and is never negative.
Increasing n indefinitely was collectively understoodnean there is no
largest natural number. That is, there is an unbounded input of values of n. In
the course of the conversation, it was agreed that the alternative description of
this is that the natural numbers increase to infinity, written, @ . The
concept infinity was discussed, eventually collectively agreeing thatis
numerically indefinable and hence cannot be used as a number in calculations.
(JE 7.3.1 (2®5\06): Increasing n without limit)
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As the class continued to discuss the behaviourwhénn increases without
. . 12
bound, it was collectively understood that the sequde,neeF decreases and

becomes <close to zero. Eventuad | vy, t h
shared mathemati cal meaning seemed to

large values oh, we can obtain values gfng as close to zero as

This can be expressed in the following way: as n becomes very, very large,

12 . ,
— becomes very, very close to zero. More succinctly, this means as n
n

. 12 . .
approaches mﬁmty,F approaches zero. After some wgersation during
which some students, for example Davy, sought some explanation, it became

: 1 o
takenrasshared that, here, zero is the Ilmlt?l% when n approaches infinity.

~

- . . . . al2
The teacher clarified that in symbolic form, this is writtén S‘erTS:o. In
n- Dg -

later discussion, itvas agreed that the limit of a sequence does not always
exist and is not always equal to zero.

There was, however, a difference of opinion among students regarding the
most efficient way of determining the behaviour of the sequence when n
increases indefitely. Some students (e.g. Jessica) thought that using a graph
was a more efficient way of monitoring the behaviour of a sequence, while
others (e.g. Sayuri) felt using the table of values was better.

(JE 7.3.2 (205\06) (Class 3): Increasing naturaimber, n, indefinitely)

The journal further illustrates how I initiated and managed the development of the
classroom mathematical practice of increasing the value of n and monitoring the
behaviour of the sequence. In addition, it shows that some of tdenss used
mathematical language to communicate mathematics ideas. By asking for an
explanation, Davy showed that he knew the importance of explanations and asking
questions in problem solving. He used the social norm of asking questions to support
devebpment of the mathematical practice ppbgressively increasing the size of n

and monitoring the behaviour of the sequence, t

The journal also suggests that the mathematical practice was established rather
quickly. This could be because its developmerd v supported by
knowledge of prior mathematical practices involving sequences in which they had

participated. Student s6 awetewillirgamabletta ci pat i
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use the social norm of sharing ideas to support learningddfition, they could
justify the reasoning behind the behaviour of the sequence&s n approaches

infinity.

Unlike the previous example that highlights the value of whtases discussion in the
development of classroom mathematical practices as well as the management of
multiple practices, the next example demonstrates how some practices can originate
from stucent contributions. It focuses on the constitution of the classroom
mathematical practice of finding the point of intersection of perpendicular bisectors

of the sides of a triangle and the use of distance formula.
7.4 Equation of a circle practice

The clasroom mathematical practice of finding the point of intersection of
perpendicular bisectors of sides of a triangle and using the distance formula is
associated with the equation of a circle. Its development was supported by small

group and whokelass disussions of a coordinate geometry problem. In addition, it

was supported by studentsdé prior knowl ed

formula and the general equation of the circle.

7.4.1 Mathematical practice 6: Finding the point of intersection pérpendicular

bisectors of a triangle and using distance formula

Students solved a coordinate geometry problem in small groups and then joined

whole-class discussion.

Coordinate geometry problem:

Find the equation of a circle passing through the pottts0), (3,-2), (7, 6).
(Barton & Laird, 2003, p. 358)

As they worked in small groups, many students attempted to make use of the
formulae (i.e.(x- a)> +(y- b)? =r? andx® + y* + 2gx+2fy +c =0 ) that had been
discussed and applied in the previous lesson. When | noticed that some students were
not making any progress, | made a public announcement discouraging them from
relying on substituting given numbers directly into the general equation of a circle. |
encouraged them to create their own approaches or strategies #ibEadwn ways

of finding the equation of a circle. As | was moving around while students were busy
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with the task, | had noticed Carrie and Winnie making progress. Their solution is

shown in Figure 7.6 below.
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Figure 7. 6:

Carrie and Winnieos

Car r i e\0Z06).dEquatiomoh Zireled s

solution (

solution was presente

whole-class discussion. The issues that were debated included legitimizing Carrie and

Wi nni eds approach.

211

Wh e n S ome student s de



approach Carrie provided reasons to explain why their method was conceptually

valid, and should be accepted as authoritative. Part of the conversation was:

1 Harris:
2 Carrie;
3 Harris:
4 Carrie;
5 Tiffany:
6 Winnie:
7 Harris:
8 Chen:
9 Yuichi:
10 Carrie;
11 Me:
12 Carrie;
13. Me:
Coor di

students to use the social norms of sharing ideas and askingpasiéstsupport their

Where is the centre of the circle?

Centre is on this lineRoint at the line on theoard passing througt

the midpoint of AB. It has same distance to A and B.

So how do we know the point? What about C?

We need another equation of the line through the midpoint of AC.

How do we get the centre, then?
The two lines meet at the centre.
So do we draw the lines?

Solve 2 simultaneous equations.

Where is equation 3?

We do not need it because the line will pass through the same

(as the other 2).

What about the radius? How do we find it? Remember we neec

our equation.

Use this formula Rointing at the distance formula on the boatd

find distance from O to A.

Is this clear to everyone? Any more questions?

(Episode 7.4.1(16\03\06) (Class 4):

Point of

perpendicular bisectors and distance formula)

nate geometry and

Carri

e

intersection

and

Wi

learning and the development of the mathematical practice of finding the point of

intersection of perpendicular bisectors of a triangle and using distance formula. In

the course of this discussion, takamshared ways of reasoningtiwvtools or diagram

nni

and symbols emerged. The episode shows that | allowed students to share ideas and

ask each other questions without my interfering. My actions indicate that | probed for

clarification (line 11) and prompted (line 13) to ensure thastallents understood

the mathematical practice. Student actions indicate thatdéepnstratediseof the

social norms of volunteering to share ideas and ask questions to support their earning.

During the negotiation, some students sought clarificationthen perpendicular
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bisector concept. Carrie exhibited authority to create and judge mathematical

knowl edge. Ot her students first chall enge

authentic after the explanation. ioBy agree

students legitimized the reasoning with tools and symbols that were used. | can claim

that the arguments put forward by members of the classroom community during the

conversation proved decisive because in later discussions no one objected the use of

this normative method of finding the equation of a circle.

It is apparent from this example that | did not view learning to find the equation of a
circle as merely a matter of using socially acceptable ways such as substituting
numbers in the general edua of a circle. Rather, | organised for the conceptual

discourse which led to negotiation of the mathematical practice of finding the point of

intersection of perpendicular bisectors of a triangle and using distance formula.

While solving subsequent tes | saw a number of students using Carrie and
Wi nni eds met hod. This indicates that t
the point of intersection of perpendicular bisectors of a triangle and using distance
formula had been takemsshared and saan authoritative practice. The example
shows that some mat hemati cal practices

solutions.

In my journal | wrote the following reflection on this episode:

As | moved around while students worked on the taskticed that some
students were trying to use the general formula of a circle without success. |
intervened and advised them that it was possible to find the equation of the
circle with or without using either of the two general formula of the circle.
Even after my intervention some students persevered with their idea of using
the formula, forming three equations and solving them simultaneously. | was,
however, particularly impressed by two students (Carrie and Winnie) who
used the idea that the perpendicubisectors of the sides of an inscribed
triangle pass through the centre of the circle. In addition, they used distance
formula to find the radius. A wholelass discussion that followed small
group discussion focused on verifying the legitimacy of @erie and

he

Wi nni edbs approach. Some students want ecf

justify their method. To assist her in both her own working while solving the
task with Winnie and in explaining to the rest of the class, Carrie used a
diagram. To find quations of circles later in this lesson, a number of students

used Carrie and Winnieds approach rathe

directly into the general equation of the circle and solving the equations
simultaneously. (JE 7.4.1 (8\06): Firding equation of a circle)
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This journal further demonstrates the way | guided the development of mathematical
practices originating from some studentsc
shows that using student work as focus for developing a maticainatactice can

benefit other students in the class. It is important, though, for the teacher to look out

for unique and exciting approaches used by some students, and utilise them to
advance wholelass discussion. With little guidance from the teachkrgents can

learn from their classmates. Carrie utilized a diagram to support her explanation.
Although this mathematical task is nroantextualised, it generated a substantial

interest and debate among the students, and in the end they seemed tdneave ga

conceptual understanding of the topic being studied.

Whereas the mathematical practice involving the equation of a circle illustrates how a
mat hemati cal practice can originate from
demonstrates how comparisonf st udentsd solutions can su

classroom mathematical practice.
7.5 Logarithm modelling practice

Logarithm modelling practices evolved as students participated in-groalb and

wholec | as s di scussions wher e c omp &lass n g stu
discussion were valued. The next example focuses specifically on the classroom
mathematical praate of multiplying the original amount by increasing powers of a

constant greater than one, in this case, three.

7.5.1 Mathematical practice 7: Multiplying the original amount by increasing

powers of 3

The classroom mathematical practice of nplying the original amount by
increasing powers of three was negotiated as the class discussed the solutions to the

logarithm modelling problem.

The logarithm modelling problem:

The number of snails in a garden, under ideal conditions, trebles®edems.
If there were 100 snails at the start of September, how many would there be at
the end of the month? (Barton, 2001, p. 310)
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While working in small groups, students used different ways to solve the logarithm
modelling problem. Some tried to establish a pattern or generalization based on their
own thinking, while others tried to find an alreaglstablished formula from their text

book and use it. Then there were those who spent some time trying to understand the
problem. | assisted those students who asked for help in understanding the problem.
During wholeclass discussion, different solutions were displayed on the board and
compared. Figure 7.7 shows the solutions written on the board by several students.

5 Sept =100® 3
10 Sept 100 33 3=100° 3°
15 Sept £100° 3%3 3=100° 3°
20 Sept 21008 3*3 3=100° 3*

25 Sept =100° 3*3 3=100° 3°

30 Sept £100° 3’3 3=100° 3°

Omar's solution

1008 3%° =2,0589113231 10'°

Backing: Trebles means x3 and September has 30 d

Muhannad's solution

100® 33 30=9000

Backing: Trebles means 3 times and September has 30

Najilla's solution

1002 33 53 30=45000

Backing: Trebles means x3, September has 30 days, and every 5 days mg
multiply by 5.

Honda's solution

Figure 7.7: Episode 7.5.1 (®b\06) (Class 3): Finding the number of snails in a
garden
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These solutions becantiee centre of wholelass discussion. Arguments in support

of or against different solutions were offered by many students. Students who had
displayed their solutions on the board wrote brief explanations below their solutions

as the discussion progressedor some students, Omardés solwu
valid and needed no further explanati on.

further clarification. Part of the conversation was:

1. Jessica: Why are the powers of three increased after every ays?l

2. Omar: Trebles every five days means that after each period of five day
multiply the original number by three. Trebles means times three.

3. Max: What happened to the five? Why is five not appearing in every line*

4. Omar: Because first fivedays from beginning of the month to 5 Septemi

next 5 days to 10 September, and so on.
5. Thomas: What does treble mean?

6. Muhannad: Means times three.

Episode 7.5.2 (30506) (Class 3): Students challenge Omar to jus
his reasoning

Forms of arguments in the justifications focused on valid mathematical reason(s) for
each action or step. As the teacher, | insisted that students give justifications
involving explanations of how they found the number of snails at the end of
September. Bylemanding explanations and justifications, Jessica, Max and Thomas
indicated that theyrecognisedthe value of mathematical explanations and
justifications in mathematics learningnlike the beginning of the semestevhen

students relied heavily on me instigateresponses, student actions in this episode,
indicate that there was no reliance ore prompting and sustaining discussion.
Studentsdé actions suggest t hat t hey want e
Omar 6s sol uti on o eventuallpdmarged asithe legitimatetakenv e r
asshared way of solving the task. The practice that emerged, therefore, involved
multiplying the original amount by increasing powers of three, with powers starting

at one and ending at six. The other three gmistwere rejected by members of the

classroom community on the grounds of lacking acceptable mathematical reasons.
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In my journal that refers to this episode, | wrote:

Solutions displayed on the board prompted a lively debate in which some
students demailed further clarification of the reasons that were used to justify
the authenticity of different solutions. Some students (e.g. Max and Thomas)
demanded explanations and justificati or
five daysod6 wercecdelsaithg ecAfst of dn eexehange
solution emerged as the agreed, acceptable answer. Jointly, students were able
to 'show' why the other solutions were not mathematically valid. It would
appear some students were interested in conceptual undargtaather than
merely getting the final answer. (JE 7.5.1\(8106): Finding the number of
shails in a garden)
The evidence in this example suggests tha
and used as focus for classroom activity, they can promistission that may
facilitate the development of a mathematical practice and support student learning. In
addition, it is apparent in this episode that writing on the board as a way of
communicating mathematics ideas is productive. The value of commartng d ent s o
contributions in teaching is illustrated. This example also demonstrates that the taken
asshared meanings that emerge during joint development of a mathematical practice
can be assisted, in part, by communicating mathematical thinking throuténwr

form. The next section focuses on limit practices.
7.6 Limit practice

This section discusses the development of the mathematical practice of dividing the
numerator and the denominator of a rational function, f(x), hywkere n is the

largest powepf x in the denominator.

7.6.1 Mathematical practice 8: Dividing the numerator and the denominator fy x

where n is the largest power of x in the denominator

The purpose of this example is to demonstrate that reorganization of established
practices can lead to the establishment of other classroom mathematical practices by
the class. In addition, the example illustrates finding the limit of a rational function,
algebraically. Its other purpose is to demonstrate the role of writing for

communication in the mathematics context of limit and rational function. The
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example also illustrates that students can exercise autonomy in the mathematics

context of limit of a @inction.

Earlier in the lesson, students worked in small groups where they used a calculator to
explore the behaviour of function f(x) )1(: when x gets bigger and bigger without
limit. Classroom discussion following this small group reached agreement tha
Li_”g%l(g: 0. As the lesson progressed, students worked in small groups on a limit of

a function problem.

The limit problem:
, -1 . :
Find lim X2— if possible.
xax< -1

While students were solving the limit problem, | noticed discrepancies among

student sd sol utthewholsglassand i nterrupted
1. Me: Some of you are saying limit = 0, while others are saying |
i seé
2. [Snowy interrupted nje
3. Snowy: Limit is O.
4. Deependra: Limit is 1.
5. Me: We have heard two different answers. Is there any other?
6. [Silence]
7. Me: Okay, Snowy and Deependra, can you write your solution:
the board, please? Then we can all look at them.
8. Snowy wrote: Deependra wrote:
x-1, 1 "
jim %=1 Y 1
v x?-1] x-1 1- -
x- 1 1 X
= when lim
(x+D(x-1D) x+1 x B
-1 4- 0g_1g
lim =0 _ 09_ 1Y 1
X- @ X2 -1 ¢ :

(Episode 7.6.2(06406) (Class 4): Snowy dLsmtasXd BD)e e
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During whole class discussion following the brief episode above, students compared
Snowybés and Deependrads solutions. I aske
their solution. The two students took varying positions on the solution and each one
defendedhis position. | take this as evidence of knowing and exercising authority.

The mathematical practice that was established as students discussed these solutions
involved dividing the numerator and the denominator by the largest power of x in the
denominator Arguments for and against each of the two solutions were put forward

and debated by the classroom community. During the conversation, the class noted

that both students made use of ideas from the earlier part of the lesson. In particular,
determining theébehaviour of} as x approaches infinity, as well as factorising and

simplifying a fractional function were ideas that had been referred to while

negotiating other mathematical practices.

Deependrads solution was di s msehedvidedby t he
. . o x-1 . .

the numerator in the funct|01;|(2—1 by x but the denominator by’. His classmates

argued that the function he was working on was no longer equivalent to the original

one, hence the solution was wrong. However, his classmates could not comvince h

that his reasoning was not wvalid. On one
my students demonstrated authority. On th
thinking, Deependra demonstrated he had developed autonomy. Regarding this

incident, | wote the following in my journal:

Both Snowy and Deependra exercised autc
wa s qgui ckly identified by his cl assn
explanations failed to convince him that he had a misconception. It is at that

. . _ 4.
point that | intervened and suggest that we use an ordinary fraéatlmwhelp

Deependra to understand how to get the equivalent fraction. | then asked
Deependra a sequence of questions which led him to write the following on
the board:
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(JE7.6.1 (0604\06) (Class 4): Finding limit of rational function, f(x), as x

X 1 1
X-1 _x2 x®_x x?
x>-1 x° 1 1
2 B 2
NG X
AsS X- o
im =

approaches infinity)

Student s

function while Deependra relied on dividing the numerator by x and the destomin

not ed

t hat

Snowy s

ar gument

wa s

by x2. In the course of the negotiation, it emerged that Snowy had visualized that

when x was very big

x-1
X2 -

: 1 - ax-1¢ ,
7 Was equivalent tﬁ' hencelim ge2—8= 0. Snowy did

X IJ(;X -1-

not use a calculator to determine the behaviour of the function since the mathematical

practice of computig with increasing values of x had been established earlier. He

used a mental picture. Alternatively, he knew, from an earlier lesson, that

o ~

alag

imae-0=0. The discussion focused on how the original function could be

¥ PCX+

. o 1 - :
transformed to an equivalent function |nvolv+)|?gAs this discussion progressed, the

classroom mathematical practice of dividing the numerator and the denominator of a

fractional function by the highest power of x in the denominator was negotiated.

These ways of acting and reasoning became-$bagding sice in later work in this

lesson, all students first changed their fractional functions to equivalent forms

involving 3 before visualizing the behaviour of the functionXas @ .

In this

o

: e . alg : :
session, no one demanded a justification for vh_h}/g&gzo since this had been

cX

established in the earlier part of the lesson. The classroom mathematical practice that

emerged from this activity did not rely on the use of the calculator. Rather, the focus

was on algebraically finding the limit as x approacheadnityi This mathematical
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practice emerged as a reorganization of the two earlier practices involving limits that

had been established earlier by this class.

Student perspectives of classroom mathematical practices that are effective for
solving specific mdnematics problems are presented next.

7.7 Student perspectives of classroom mathematical practices

In this section, | present student perspectives that demonstrate that my students
recognised the value of having the knowledge of specific ways of regsanoh

acting associated with a particular mathematics idea. Additionally, the section
presents student perspectives that demonstrate that while some of my students
expected me, as teacher, to provide specific ways of reasoning and acting about a
mathematis idea, others expected all students to be involved in doing this. Student
perspectives demonstrate that my views about how mathematical practices could be
devel oped did not always coincide with my
the need forthetec her t o gui de the devel opment of
ways of acting and reasoning about certain mathematics ideas.

It is important to know the specific ways of reasoning and acting associated with a

mathematics idea

In different group intengws, students who made comments about being able to solve
problems involving various mathematics topics said that it was important for students

to know specific ways of reasoning and acting associated with a mathematics idea.

During a group interview on 13eptember, 2005, Lily had the view that mathematics
students should Aunderstand how to do it . ¢
students should have the knowledge of specific ways of reasoning, acting and

symbolizing when faced with problems/aiving a particular mathematical idea.

In a separate interview, Susan \(d10 5 ) concurred with Lilyds
she declared that knowing Ahow to do ito
i mportant for the t ea atlewryond knows low®ddkit. t he a
Knowing the process is important. o The "I
Susan. | took this how to mean the calculation process as well as the normative ways

of reasoning, arguing, and symbolizing.
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In yet another inteiew (15 September, 2005), Dong expressed the same view as Lily

and Susan in asserting the importance of both the correct method and the final
answer . Hi s justification for this was HfAyc
the need for conceptual derstanding, Dong declared that for him it was about
getting correct answers and earning high
answer are i mportanto | interpreted his
normative ways of reasoning about, arguing upb@nd symbolizing a particular

mat hemati cal idea. These studentsd views a
mathematical practices. | agreed that normative ways of reasoning, acting and
symbolizing were important, but I did not support the ideaigtllghting getting full

marks.

Ahmed, Khoula and Laila (310\05) were of the view that knowing the method was

more i mportant than knowing the answer. T
met hod, you cannot get t he need, Khoalxdnd answer
Laila agreed with other students and with me that it was essential for students to

grasp normative ways of reasoning, arguing, and symbolizing. However, my
interpretation of their views was that they recognized the importance of conceptual

understanding.

Students in 2006 had similar views. In separate interviews, Omar and Muhannad
(31\05\06 & 3006\06), Wataru, Deependra and Harris \(B06 & 30\06\06) all

emphasised the need to have the knowledge of normative ways of acting and
reasonngpbout a mathematics i dea. Omar said n°
ité and the reasons for doing it that way.
i mportant é and t he reason why. o These C (
recognized the significana& having the knowledge of specific ways of reasoning

and acting to do with a mathematics idea.

Students should provide specific ways of reasoning and acting associated with a

particular mathematics idea

Some of the students | interviewed were of the opinion that when discussing
mathematics problems in class, students should provide specific ways of reasoning

and acting associated with a particular mathematics idea. Sus@9\Qb4, for
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example, did not &ieve in the mathematics teacher telling students everything, she
preferred students to provide specific ways of acting and reasoning about a
mathematics idea. According to Susan, students must provide justifications for their

actions and reasoning, besaa t hey shoul d At hink of somet
no. Students must provide the steps and reasons [to justify their actions or reasoning].
What they did and why. o6 On 15 September,
added Al t 1 stodether with cleariexplanateons dral cleat answer on the

boar d. We need explanations of al/l action
wi t h cl ear explanati ons and clear answer
reasoning, arguing, and symbolizing Chends comments suggest
the value of knowing specific ways of acting and reasoning about a mathematics idea,

as well as being able to provide the justification for the actions and reasoning. His
statements suggest that he understoeditnificance of conceptual understanding in
mathematics learning. In his second interview, ChekDE16) believed that students

should be allowed time to brainstorm, in small groups, before they give an agreed
response. He s ai theyimayfhave an aega. Thdy mestesptain énd r s t
justify their actions. o0 This comment by C
students engaging in discussions about normative ways of acting and reasoning
related to mathematics ideas, rather than bepapnfed by the teacher. In separate

i ntervi ews, in 2006, Muhannad, Thomas, and

The teacher should provide specific ways of reasoning and acting related to a

mathematics idea

There were students who disclosed to me dusiparate groumterviews that they

expected the teacher to provide specific ways of reasoning and acting to do with a
mathematics topic. Em (¥8\05) and Fiona (260\05), for example, had this view.

Em expected the teacher thatowe Gag usedhatdios mod e
revision. The teacher should justify ever:
al so expected the teacher to give model a
teacher should tell us the ways to do it, and justify eagh $&l us why he did this

and thateé. o These requests show that Em an
as teacher, to tell students specific ways of reasoning, arguing, and symbolizing, and

to provide justification for the actions. Through their coemts, Em and Fiona

223



demonstrated a product view of mathematics, and hence, the need for the teacher to
guide development of classroom mathematical practices that are effective for solving
certain mathematics problems. In another interview, SayukD@@b) claimed that

Al n Japan the teacher tells us how to do
students. o0 I n the same interview, Honda s
I f the teacher speaks, It I's hel pful. The

reasons for each step.06 Hondabés comments i
provide specific ways of reasoning, acting, and symbolizing about a mathematics

idea.

In a separate interview, Deependra and Harri$O806) expected the mathematics
tteacher to fAnexplain slowly [his actions ani
agreement with Deependra and Harris. He stressed that the mathematics teacher
Amus:t explain from the beginning how to d
expected me totell students the normative ways of acting, reasoning, and
symbolizing. From these interviews, | concluded that some of my students had a
product view of mathematics rather than the social, process and cultural view adopted

for this study. Student statemte confirm the need for the teacher to initiate and

guide the development of classroom mathematical practices that emphasise the use of

normative ways of acting and reasoning to do with particular mathematics ideas.
7.8 Chapter summary

Through the use dafight examples, this chapter has presented and analysed data that
illustrate the ways I initiated and guided the development of classroom mathematical
practices. While discussing each example, | highlighted the value of -slaske
discussion, negotiatigrtcommunicating mathematical thinking through various ways
including writing student solutions on the board, and exercising autonomy in the

development of mathematical practices.

The first two examples involve arrangements and selections. Not only do the
examples show the ways | initiated and guided the development of the mathematical
practice of counting the number of arrows and that of multiplying the number of
choices at each stage, they demonstrate the evolution of mathematical practices. Data

showed hat a focus on developing the mathematical practice of counting the number
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of arrows made possible the occurrence of class discussions around ways of
reasoning about arrangements and selections. In addition, students drew and used

arrow diagrams to solver@blems involving arrangements and selections. A focus on
establishing the mathematical practice of multiplying the number of choices allowed

more discussion around ways of reasoning about selections and arrangements.
Following these discussions, my stutsensed the multiplication principle to find the

number of possible choices, arrangements o

ability to solve arrangements and selections problems may have been reinforced.

The third, fourth and fifth examples fog on sequences. The third example describes
how using ratio to distinguish different sequences was jointly negotiated by the
classroom community. Developing this mathematical practice enabled more focus on
the reasoning and symbolising about arithmetit g@ometric sequences. In addition

to this, there was greater attention on the differences between the arithmetic and
geometric sequence. It was possible to manage more than one mathematical practice
at the same time. Apart from this, data indicated tbasttuting this mathematical
practice enabled my NESB students to use ratio to distinguish a geometric sequence.
Data suggested that students may develop better understanding of geometric and
arithmetic sequence when they participate in the developmethieahathematical

practice of using ratio to distinguish a graph of a geometric sequence.

The fourth example involves the mathematical practice of plotting sequence terms on

a graph without joining them. My data has shown that establishing this mathématica
practice allowed more attention on ways of reasoning about graphs of sequences to
happen. Simultaneously, debate about joining and not joining plotted sequence terms
occurred. When agreement was reached, some students revised their reasoning about

sequepe graphs.

The fifth example focused on the mathematical practice of increasing the size of n
(where n is a natural number) indefinitely and monitoring the behaviour of the
sequence. It emerged that jointly developing this mathematical practice allcwed m
focus on ways of reasoning and symbolising concerning sequences when sequence
terms are gradually increased. There was greater attention on both the table of values
and the graph. Additionally, multiple mathematical practices were managed
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simultaneougl and discussions around limit of a sequence occurred. Regarding
NESB student learning, establishing this mathematical practice allowed my students
to experience drawing sequence graphs @ndisethem to determine limit of a
sequence. Students learneddescribe the behaviour of a sequence whefthe
number of terms) approaches infinity. Data also suggested that students developed
better understanding of limit of a sequence. It showed that my students used
mathematical language and symbols to communicate their thinking about limit of a

sequence.

Example six is associated with the mathematical practice of finding the point of
intersection of perpendicular bisectors of a triangle and using distance formula. The
data demonstrates how mat hemati cal practi
addition, it demonstrates that students can exercise authority during the establishment

of a mathematical practice. A focus on establishing this mathematical practice

allowed greater focus on ways of reasoning about coordinate geometry in general,

and equabin of circle, particularly. Data suggests that when this mathematical

practice is collectively developed by the classroom community, students may develop

better understanding of the equation of a circle, their reliance on the textbook formula

for equationof a circle may decrease, and their ability to solve problems involving

equation of a circle may increase.

In the seventh example, | emphasize the value of comparing student solutions when
establishing classroom mathematical practices. The example deatessthe
usefulness of writing on the board as a way of supporting the development of a
mathematical practice. Establishing this mathematical practice gave rise to debates
focusing on the reasoning behind the actions to solve problems involving logarithm
modelling. Student solutions became the focus of whlalss discussions, and there

was greater attention on comparing them. The data also showed that different students
used different ways to solve the same problem. It suggests students may develop
betterunderstanding of the topic logarithm modelling when they participate in the
establishment of the mathematical practice of multiplying the original amount by
increasing powers of a constant, such as three. Additionally, students can develop the
ability to establish a generalisation for amounts that increase at a steady rate and their

reliance on using textbook formula may decrease.
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The eighth and last example is associated with the limit of a function. It shows how
reorganization of one classroom mathéo#d practice can be used to develop
another mathematical practice. In addition, the example demonstrates finding the
limit of a rational function, algebraically. It illustrates the way students can exercise
autonomy in the mathematics context of the tlimfi a function. Constituting this
mathematical practice allowed more focus on ways of reasoning around limit of a
rational function. Debate arose around the reasons to justify transforming the rational
function. My students experienced finding limit ofaional function. This suggests

that students may develop better understanding of the limit of a rational function
when they participate in developing the mathematical practice of dividing the
numerator and denominator of a rational functigx), by X", where n is the largest

power of x in the denominator.

As | analysed the eight examples, | described the ways of acting and reasoning
mathematically among members of the classroom community that gradually became
institutionalized and therefore needed naotHer justification. By describing the

development of classroom mathematical practices that emerged, | accounted for what

occurred as my students learned different mathematics topics.

While analysing data regarding student perspectives on classroom raatiaém
practices, student comments suggested that my students recognized the value of
having the knowledge of normative ways of acting and reasoning about a particular
mathematics idea. However, it came to light that not everyone had the same opinion
concening classroom mathematical practices. One group of students was of the view
that, in class, all students should think of, and provide, specific ways of acting and
reasoning associated with different mathematics topics. Another group indicated, at
the begwining of the semester, that they expected only the teacher to provide
normative ways of acting and reasoning about a mathematics topic. They only bought
into the idea of collectively developing mathematical practices on being continually

encouraged by m@® do so.

The findings of the study and key lessons emerging from this practitioner research are

discussed next, in Chapter 8.
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CHAPTER 8
DISCUSSION
8.1 Introduction

The research question that guided this study was: What can | do to my teaching
practc e t o enhance NESB st uldlewith this questioh,e mat i c
themain objective of this study therefonas

To interrogate my experience; to recaadalyseand reflect on episodes or
events that occued as | taughéind to report a story of my professional

learningas it enabled and constrainde learning of my NESB students.
More specifically, the objectives of the studgre:

1. To document, reflect on and interpret teaching and learning events that occur

duringthe research period;

2. To reflect on my own actions during selected events in my mathematics
classes;

3. To reflect on my studentsdé acehnatosns duri
classes;

4. To build new understandings of myself and my practice, with special focus on

the implications for NESB student mathematics learning;

5. To identify and explore the i mpact of

mathematics learning; and

6. To produce a sequence of writings (or story) about my professional learning
as my practices evolve during the research period, in the hope that this will be

of benefit to other mathematics teachers of NESB students.

In order to answethe researclguesion and achieve my objectives set out to
understand my teaching practice by studying it. The practitioner research process led
to some important lessons that are discussed in this chapter along the three levels
Cobb (2001) set out in his emergent pectipe: classroom social norms,
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sociomathematical norms, and classroom mathematical practices. A focus on the
three levels allowed mathematics learning and teaching to be considered as a social
and cultural process. The findings from this approach are eeanm relation to the

mathematics education literature discussed in Chapters 2 and 3.
8.2 Lessons emerging from this practitioner research

Key lessons emerging from this practitioner research concern what can be done to
enhance NESB st sldanmng. iddings o taddeesa dhis iconcern are

detailed here. The findings are deliberated on under the headings: Constructive
classroom soci al nor ms for NESB student
sociomathematical norms to promote conceptual utateimg, and Classroom
mathematical practices that are effective for solving particular mathematics problems.

The main pedagogical strategies | used to develop these norms and practices are
outlined. Since some of these pedagogical strategies cut aceofisreél levels of

focus being used in this study, they are referred to and elaborated more than once and,

in more than one way, during the discussion of research findings.

8. 2.1 Constructive c¢classroom soci al nor ms

participation

This section details insights that emerged when the classroom social norms of
volunteering to share ideas, explaining and justifying, and asking questions, which

emphasise student participation and negotiation of mathematics meaning were
collectively devedbped by NESB students and me, as the teacher. Based on

understanding from literature (see section 2.3), | set out to develop these three social
norms, hoping this action would enable my NESB students to become more active in
mathematics activities and théearning would be enhanced.

Students volunteering to share ideas

In this study, the social norm of volunteering to share ideas required that students
explicitly share their thinking with their peers, without being pressed to do so by me
as the teacheMy findings suggest that establishing this as a social norm takes time
but it can give rise to more active ways for NESB students to learn mathematics.

Verbalizing thoughts, giving group responses or solutions, and offering alternative
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solutions can advece collaboration and sharing of ideas among NESB students, in a
manner that supports their learning (section 5.2.1). The main pedagogical strategies |
used to establish the social norm of students willingly sharing ideas with their
classmates and the té®c were the use of both contextualised and-non
contextualised mathematics problems, and sgralip followed by wholelass
discussions. In addition, | used the strategy of initially nominating students
irrespectiveof whether or not they were willing toontribute (e.g. Example 5.2.1b)

and then moving to picking only volunteers (see Example 5.2.1h). | consistently
encouraged students to participate and contribute through the use of prompting and
probing questions. Furthermore, | allowed waie after aking a question to allow
students time to process their ideas (e.g. Example 5.2.1d), and wrote mathematics
problems and solutions on the board in order to encourage and allow students to refer
back to the problem if necessary, and to reflect on contritmiticade (e.g. Example
5.2.1e).

My findings suggest that a focus on establishing the social norm of students willingly

sharing their ideas makes it possible for smooth classroom discussions to take place

that are good for NESB student learning (sectionly.Discussion is important in

the sociocultural view of learning (Cobb et al., 2001; Turner, Gutiérrez & Sutton,

2011) whereby social interactions are thought to enable higher mental processes to
occur within an individual (Wertsch, 1985 cited in Dixonat., 2009). Findings

indicate that collectively developing the norm of students volunteering to share ideas
enables smaljroup and wholelass interactions around mathematical ideas with

more ideas available for meaning making (see Example 5.2.1eyeBsivgly, some

students more willingly share ideas through engaging in classroom discussions and
debates, which may benefit their learning (Examples 5.2.1g & 5.2.1h). This gradual

shift by students from newolunteering to willingly volunteering was refteed in my
students6é increased public participation i
they shared ideas and elaborated on their thinking when | as teacher legitimized their

i deas. Changes in studentso6 whkeymredotd parti
continually monitor and modify their own teaching in response to movements in

NESB student séb classroom tactics. [ di d
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students who showed, by raising their hands, that they wanted to make a contribution

(e.g. Example 5.2.1h).

Findings show that establishing the social norm of students volunteering to share

I deas can support student |l earning partly

Example 5.2.1g) so it can be guided in mathematically acceptabitiatiee Debates
that arise when student ideas are publicly shared can stimulate and sustain class

discussions that facilitate better communication of productive ideas because students

have the opportunity to reflect on and to question the validity of théira s s mat es 0

thinking. As this happens, the teacher
making it possible to decide the next construcive ur se o f action

contribution in Example 5.2.1d).

In this study, more effective discussionsavad over time because more student ideas
gradually became readily available for public scrutiny and sense making. Some of the
studentsdé ideas were questioned or chal

class discussions. Challenges to solutiohsome mathematics problems sometimes

g c

(e

er

l ed to extended conversations that support

class discussions (e.g. Muhannadds <chal
Other researchers, for example Kazemi ange&ti(2001), and Stein, Engel, Smith

and Hughes (2008), in separate studies of mathematics students, stressed the
importance of the teacher orchestrating productive mathematical discussions to
support student learning. In this study, establishing the néstudents volunteering

to share ideas gave rise to more lively classroom discussions that may have supported
learning. My findings are compatible with Rasmussen and Kwon (2007), Walsh and
Sattes (2005), and Wood, Williams and McNeal (2006) who highlidiet t
significance of promoting the norm of volunteering to share ideas to support student

learning as a social process.

Student interview data (section 5.2.2) indicate that some NESB students in my study
came to support the view that students volunteedagtributions can facilitate

meaningful mathematics learning. Their comments suggest that when the
establishment of the social norm of volunteering to share ideas is coupled with a

situation in which all ideas are valued and treated with respect, stuments to
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realise that it is safe for them to contribute ideas, even when they are not completely
sure these ideas will be right. Allowing students to work first in small groups and
then contribute to class discussions can be an effective way of buildidgnstu
confidence and helping them refine their thinking before presenting it in a more

public forum.

The comments by those students who came to appreciate the value of sharing ideas as
part of mathematics problem solving suggest that they were movingd®waasocial

view of mathematics. This was the case, in this study, in spite of some students
having demonstrated a product view of mathematics, (e.g., Carol in Example 5.2.1a
expected me, as teacher, to tell her how to solve a problem but later on willingl
shared her ideas with peers in Example 5.2.1d) as described in chapter 2, section
2.2.1, at the beginning of the semester (sections 5.2.1 & 5.2.2). Interview data
reinforce the view that as the semester progressed some of my students recognised a
classrom academic culture that values and encourages students sharing ideas and

learning mathematics as a social process.
Students explaining and justifying

The social norm of explaining and justifying, in this study, is about students being
able to publicly dfer clarifications or reasons or explanations to support their
thinking and solutions. There was an expectation for students to publicly describe
why their viewpoint or solution strategy was valid. The main strategies | used to
develop this norm were these& of both contextualised and roontextualised
mathematics problems, smalloup and whokelass discussions, allowing wiine,
teacher asking questions that prompt students to explain and justify their ideas, and

teacher modelling explanations (sent®3.1).

Findings suggest that a focus on establishing the social norm of explaining and
justifying allows clarification of ideas to be expected by the students (e.g. Example

5.3.1c). Developing this norm permits students to seek and learn from explanati
Clarifications or explanations can be provided publicly, making it possible for some
students to benefit from other studentsod
5.3.1c). My findings suggest that collectively developing the social norm dérsiss

explaining and justifying encourages and provides a context that prompts NESB
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students to think more deeply about their responses because they need to clarify
andor defend their thinking to others (section 5.3.1). This norm presses NESB
students insmall groups to pay attention to detail and understanding in case
explanations and justifications are sought by classmatéeratie teacher during
whole-class discussions. Collectively developing this social norm makes it possible
for students to be helaccountable for their contributions by their classmates and the
teacher (e.g. Example 5.3.1b). Students are obliged to provide motthowghtout
explanations and justifications. Over time, NESB students in this study were able to
elaborate on their thking or solutions in small groups and during wholass
discussions (see Examples 5.3.1b & 5.3.1c). My findings demonstrate that as students
explain and justify their thinking, they communicate mathematics ideas in a manner
that may support their owndening and that of others. Both the student explaining
and the listeners may benefit from this process. As a number of other researchers
argue (e.g. Levenson, Tirosh & Tsamir, 2009; Perry, 2000; Rasmussen & Kwon,
2007; Yackel, 2001), my findings show th&IESB student explanations and

justifications aid their mathematics learning (section 5.3.1).

Establishing the social norm of explaining and justifying makes it possible for
students to progressively offer explanations and justifications without pessgured

(e.g. Examples 5.3.1b & 5.3.1c). While doing this, students practise and share
authority. Over time, some NESB students in this study (section 5.3.1) willingly
provided explanations and justifications f
indicating growing student authority, and their willingness to exercise and share it. As
they act in this way, NESB students can refine their thinking, and begin to see the
value of actively participating and voluntaribyfering explanations and justiitions

in classroom discussions. This finding is consistent with studies that suggest that the
development of social norms that encourage students to be actively involved and
justify thinking during mathematical discussions gives rise to learning oppgtuni

that benefit studentso6 | earning (EI'l'is, 20

Data from interviews suggest that as each semester progressed, students expected
their peers to provide explanations and justifications during class discussions (e.g.
Fiona and Chen in section 5.3.2). Some student comments indicate that, over time,

they wanted the teacher to explain only wl
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confidence i n t heir cl assmat eso expl anat
gradually, they recognised the importance of explanations and justifications in
mathematics learning (see section 5.3.2). In addition, they reflect that, over time, my
students recognised mathematics learning as a social activity encompassing
explanations and justdations. Interview data is compatible with a classroom
academic culture that encourages substantial communication among members of the

classroom community in smallgroup or wholeclass discussions.
Students asking questions

The social norm of studentskang questions involved the normative expectation that
students would ask questions whenever they needed clarification of contributions
made in class, or to seek assistance related to solving a classroom task. The main
pedagogical strategies that supportee establishment of this social norm included

the use of both contextualised and +womtextualised mathematics problems (e.g.
Examples 5.4.1a & 5.4.1c), organising shgabbup and wholelass discussions,
teacher openly requesting students to ask gumesstelated to the classroom activity,
teacher modelling questioning, and displaying student work on the board (see

Example 5.4.1a, in section 5.4.1).

My findings suggest that establishing the social norm of students being able to ask
questions is a stinus for effective smalbroup and wholelass discussions

(Examples 5.4.1a & 5.4.1d). This norm fosters active exploration and learning. It

allows student questions to be used as a tool for teaching and learning. The teacher
benefits from student questiobsy bei ng abl e to evaluate st
the work being learned through the questions they ask (e.g. Example 5.4.1d). Based

on this, the teacher can decide which direction the lesson should take.

Findings suggest that establishing the normsiofdents asking questions has the
potenti al to raise NESB studentsd mat hemat
through the <c¢classmates6é and the teacherd
questions (e.g. Example 5.4.1d in section 5.4.1). Mdifigs indicate that student

learning, in this study, was promoted by explanations and justifications contributed

by students or the teacher during srgatlup and whole | a s s , i n response

questions. Theyllustrate that NESB students learn tse student questions as a
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learning tool to support their understanding of the concept and benefit from doing this
(e.g. examples 5.4.1b, 5.4.1c & 5.4.1d in section 5.4.1). By experiencing
environments in which questions are asked and responded to, N&Btst learn

not only how to respond, but how to formulate and ask their own questions. Findings
show that when the social norm of asking questions is established, NESB students
may recognise the importance of asking questions in problem solving. Myg#ndin
satisfy the view of Elliott et al. (2009) and Walsh and Sattes (2005) who, in separate
studies, emphasised the significance of establishing the social norm of students

asking questions to enable multiple voices and ideas, and support learning.

During interviews, student comments suggested that they recognised the importance
of asking questions in classroom activity (section 5.4.2). Statements by students
suggest that although they wanted to ask questions, if the teacher allowed them that
opportunity, hey were more confident to do this in srrbup setting than in whole

class discussions. Interview data reflect that sgralip settings provided a safer

environment for students to ask each other some questions.
Insights across the three classroomiabnorms

The social norms of students being able to volunteer to share ideas, to explain and

justify their contributions, and to ask each other questions allow classroom
discussions to happen in a safe, productive and orderly manner. Once established as
mutual expectations and obligations, these norms sustain productivegsougdland

wholec | as s conversations i n support of NES
(sections 5.2.1 to 5.4.2).

The findings of this study show that the classroom social normslohteering to

share ideas, explaining and justifying, and asking questions, can develop amongst
NESB students when the teacher gradually but explicitly initiates and guides their
development. These norms evolve over time and, as emergent and fragiemphan

they need to be continuously reinforced. In this study, the development process was
sustained by NESB students and me, the teacher, through regular classroom
interactions that included strategies such as sgnalip followed by wholelass

discussias, asking prompting and probing questions, and allowingtimag. These
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findings reinforce Cobb and his teambs (2

need to be jointly established and will evolve over time.

Similar observations to mine were madeNdgCrone (2005) in a study of fiftgrade

students in USA. In that study, students explored and shared ideas while solving
mathematics problems in small groups before participating in wihads

discussions. In her findings, McCrone highlighted the sicpniice of establishing

social norms that promote discussion of mathematical ideas among students, such as,
student active |listening and cengeatures 86s cl as s
a key component of student learning. There are, however, major differences between
McCroneds and my student s. One major di ff
cope with more pressing language demands due to English not being their first
language (see sections 5.3.2 & 5.4.2). Another key difference was that, unlike
McCroneds, my students were working in an

those they had previously experienced in their home countries (see section 5.2.2).

Findings suggest that a focus on establishing these norms allows students to
progressively become more active participants in classroom activities. In this study,
increased NESB student active participation is illustrated by episodes and journal
extracts in sectie5.2.1 to 5.4.1 (e.g. few students were active in Example 5.2.1a but

many were in Example 5.2.1e) which show that NESB students gradually shared

ideas, explained and justified thinking, and asked each other questions, willingly,

when |, as the teacher,iiated and guided the construction of these norms. These
findings ar e consi stent wi t h Wood, Wi | |
theoretical link between social norms that are supportive of discussion and the nature

of social interaction patterns thatadve.

The findings in Chapter 5 (sections 5.2.1 to 5.4.2) suggest that the development of

social norms of students volunteering to share ideas, explaining and justifying, and

asking questions are influenced by, and also influence, development of NESB
stubnt sé individual beliefs about their ro
mathematics activity. Findings indicate that a focus on developing norms of
volunteering to share ideas, to explain and justify, and to ask each other questions

allows NESB tudents to progressively exercise and share authority during ongoing
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classroom interactions. In addition, findings show that establishing these norms
promotes NESB studentsd devel opment of th
student learning. Inthist udy, the term &édsoci al aut onomy
to make decisions for oneself, about what behaviour is acceptable and not acceptable

(or right and wrong) in the social realm (Kamii, 2004). An example, in this study, is

when my students souglind provided explanations and justifications (Examples

5.3.1b & 5.3.1c in section 5.3.1). Another one is when my students asked each other
questions in a wholelass discussion (e.g. Example 5.4.1d in section 5.4.1). As they
progressively become sociallgutonomous, NESB students gradually shift their
participation habits to satisfy the <cl as:
obligations for participatory behaviour.

These findings are similar to Cobb et al
agects of learning are reflexively related. That is, establishing each of the three

social norms, in this study, enabled both social and individual actions and reasoning

to occur. So, my findings conform to the view that learning (mathematics) is a social

activity (Hershkowitz & Schwarz, 1999). Developing social norms that enable
students to become socially autonomous | ¢
(2007) i dea of Asoci al norms that empower
i deaso ( p.dibgRiL however, hineconfrastrto some previous research (e.g.

Leung, 2001), which indicates that NESB students are inactive and learn by

memorising information.

Challenges such as the teacher dilemma of avoiding telling whilst giving support

were also hghlighted, in this study. My journal extracts in section 5.4.1 illustrate this
challenge. In addition, they show that complex moments arise when the teacher is not

sure how anar whether to intervene when students working on a task appear to be

going in tie wrong direction. In such situations, tensions can be experienced between
particular values, such as those of allowing students time to work through a problem

by themselves, and the desire to offer a supportive learning environment. This finding
isconsst ent with Smithdés (1996) arguments re

efficacy when he finds himself in a situation where he has no clear sense of his role.
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A mathematics teacher needs to find ways to cope with inherent tensions and
dilemmas suchsathese, as they interact with students on a daily basis. In this study,
sections 5.2.1, 5.3.1, and 5.4.1 demonstrate that | addressed this challenge by using
judicious or selective telling, rather than a general telling model (e.g. Example
5.2.1f). l intantionally introduced information to the discussion, such as productive
ways of representing mathematical ideas (e.g. diagram, equation, and verbal
statement) and wuseful terminology, to supp
openly showed studentsathl valued their constructive attempts. Thus, results

suggest that as teachers deal with the pressures and predicaments that arise during
classroom interactions, their learning can productively involve developing
instructional strategies that transcenchditomies such as telling or not telling, and

nominating volunteers or nevolunteers.

Overall, my findings in this section, concur with other researchers (e.g. Dixon et al.,
2009; Lopez & Allal, 2007; Weber, Maher, Powell & Lee, 2008; Yackel &

Rasmussern2002), who have shown that developing constructive social norms that
encourage and provide opportunities for social interactions can promote more

effective classroom discussions t hat can

In light of the findings d scussed in this section, I pr
mathematics learning can be supported by having a focus on establishing social

norms that value and encourage student participation through willingly sharing ideas,
explaining and justifying contribigns, and asking questions during classroom

interactions.

This said, soci al norms al one matheenatinsot e n o u
learning. As a teacher, | needed to consider and attend to both the social and the
mathematical elements of theathematics classroom environment. Findings related

to sociomathematical norms appropriate for NESB students are detailed next.
8.2.2 Productive sociomathematical norms to promote conceptual understanding

This section discusses insights for mathemagiastiing that came to light as | sought
to initiate and guide joint development of productive sociomathematical norms of

mathematical probleranalysis, explaining and justifying mathematically, and
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communicating mathematically (Chapter 6). As with sociahmsodiscussed in the
previous section, | set out to establish these particular sociomathematical norms for
mathematics problem solving in the course of ongoing classroom interactions. | did
this based on understanding from literature (Chapters 2 & 3libedate on insights
specific to each of these three sociomathematical norms separately, before focusing

on those aspects that are shared by all three.
Mathematical probleranalysis

In this study, mathematical probleamalysis came to mean students digviaeg a
normative focus on reading a problem or task carefully for understanding to the
extent that a student could identify vital information embedded in the problem, find
the meaning of unfamiliar words, terms and symbols, think through how the key
information relates to the mathematics of the problem, and identify what the problem
requires students to find (Examples 6.2.1a to 6.2.1e in sections 6.2.1).

My findings suggest that greater focus on the capacity to understand a mathematical
problem can occuwhen the teacher openly guides the establishment of the
sociomathematical norm of mathematical problmalysis, through the use of
contextualised mathematics problems (e.g. Example 6.2.1a),-gmafl to whole

class discussions (e.g. Example 6.2.1c)pwahg waittime, and questioning
(prompting and probing) (e.g. Example 6.2.1b). Other strategies to develop the norm
are displaying mathematics problems on the board or overhead projector and using a

diagram (e.g. Example 6.2.1d).

Findings indicate thaas NESB students participate in collective development of the
sociomathematical norm of mathematical probimalysis, they learn not only what
counts as an acceptable and effective mathematical praalysis, but how to
analyse contextualised mathematiproblems for understandings well (section
6.2.1). Specifically, students learn to read a mathematics problem for understanding,
find the meanings of unfamiliar words, terms and symbols, pick out crucial
information embedded in the problem, and thihkough how the key information

relates to the problem (e.g. Example 6.2.1a). When this happens, findings suggest

that, progressively, NESB studentsd anal ys
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may be strengthened (see Example 6.2.1e). Journal extrasgstion 6.2.1 suggest
that after practising mathematical problamalysis, individually, in smaljroups and
during wholeclass discussions, my NESB students showed improvement in their

ability to solve contextualized mathematics problems (e.g. Exadripled).

Episodes in section 6.2.1 show that NESB students working in small groups could
negotiate collective understanding of the mathematics problem as part of the process
of solving it, demonstrating adoption of the norm of probkmalysis by, on different
occaions, reading a mathematics problem for understanding and, identifying and
linking vital information in the problem to its solution (see Examples 6.2.1d &
6.2.1e). Additionally, these episodes demonstrate adoption of a classroom culture that

values analyag a problem for understanding.

Interview data suggest that many students recognised the importance of mathematical
problemanalysis in mathematics problem solving (see section 6.2.2). Student
comments indicate that they expected teacher support toogette¢ ability to
undertake mathematical probleanalysis. Data suggest that as the semester went on,
more students expected the class to collectively analyse mathematics problems (see
Table 6.1), reflecting that they recognised mathematics learnings@sia process
involving joint problemanalysis. Interview data also strengthen the view that NESB
students experience language demands (Adler, 2001; Campbell et al., 2007;
Moschkovich, 2002), discussed in section 2.4.2, that need addressing. My findings
are in line with other researchers, for example, Bernado (1999), Chapman (2006),
Verschaffel, Greer and De Corte (2000) who, in separate studies, emphasized the
significance of teachers assisting students develop the ability to analyse mathematics
word prddlems for understanding, through the use of sgraup and wholelass
discussions, that is, strategies similar to those | employed.

Explaining and justifying mathematically

Providing an explanation or justification, as discussed in the previous section,
referred to aspects of a social norm of sharing ideas and reasons. When there is
movement to explaining and justifyingnathematically then the focus is on the
aspects of a sociomathematical norm. In this study, the sociomathematical norm of

explaining andjustifying mathematically required that students be able to provide
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explanations and justifications based on mathematical reasons or interpretations. An
explanation or a justification was acceptable as a sociomathematical norm, if it
involved a mathematid reason or a currently tak@sshared mathematical
interpretation (section 6.3.1). In this study, the norm of explaining and justifying
mathematically was established by the students and teacher in the course of ongoing

classroom interactions in mathetngal activity.

The main strategies to develop the norm of explaining and justifying mathematically,
in this study, were the use of both contextualised aneconatextualised mathematics
problems (e.g. Examples 6.3.1a & 6.3.1b), organizing sgnailp andwhole-class
discussions (e.g. Example 6.3.1a), posing prompting and probing questions (see
Example 6.3.1c), allowing waitme (Example 6.3.1d), and affording students the
opportunity to explain and justify mathematically (e.g. Example 6.3.1b). Other
straegies involved teacher modelling mathematical explanation and justification,
revoicing student statements (Example 6.3.1a), and displaying mathematics problems

on the board or overhead projector (e.g. Example 6.3.1c).

My findings suggest that when theather openly initiates and guides the
establishment of the sociomathematical norm of explaining and justifying
mathematically, by making use of one or more of the strategies in section 6.3, over

time, clarifications and justifications of mathematical idass expected by students.
Progressively, more explanations and justifications, based on mathematical reasons or
interpretations, are offered publicly by students (section 6.3.1). A focus on
developing the norm of mathematical explanation and justificaimourages and

allows conversations about explaining and justifying to happen (e.g. Example 6.3.1c).
These del i berations can create mor e oOppc
reasoning to be made visible and open to reflection and questioning by (@tlgers

Em questioned Raymond, David and Dongbs id

Establishing the sociomathematical norm of students being able to explain and justify
mathematically enables NESB students to learn not only what counts as acceptable
mathematicalexplanation and justification, but also how to explain and justify

(section 6.3.1). A takeasshared understanding of what counts as a mathematical
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explanation and justification was reached through acts of communication within a
classroom mathematical disu s si o n, as students responded
requests for reasons to justify different contributions. Students gradually develop a
takenasshared understanding of the norm and willingly offer mathematical
explanations and justifications (serafple 6.3.1c). Over time, the students can seek

and learn from mathematical explanations and justifications of others (e.g. Example
6.3.1d). Giving attention to developing the norm of explaining and justifying
mathematically presses NESB students workimgroups to pay careful attention to
mathematical ideas they legitimise, in case their thinking is questioned during

subsequent wholelass discussions (Chapter 6).

A focus on establishing the norm of explaining and justifying mathematically
encouragesrad makes it possible for NESB studet
mathematical thinking. At the same time, it allows students to provide mathematical
explanations and justifications for their ideas which might not be clear ex\gag#nt
toothersatifr st . The students defend their own
mathematical reasons or interpretations (e.g. Susan defended her thinking in Example
6.3.1b). While doing this, they practise explaining and justifying mathematically.
Progressively, students may begin to offer mathematical explanations and

justifications of better quality.

As with social norms, both a student making the explanation and justification, and the
listeners, can benefit by rejecting or refining their original thinkingil&#xplaining

and justifying their ideas to others, students may clarify their own thinking as well,
allowing them better understanding of the concepts involved, and improved chances
to solve related mathematics problems. Episodes and journal extraetgion 6.3.1
demonstrate that, over time, my students provided extended or detailed explanations
and justifications, using mathematical reasoning (see Example 6.3.1d). At the same
time, they offered mathematical explanations and justifications of theiranelor
their classmatesd contributions or answer ¢
doing this, some NESB students demonstrated that they can offer mathematical
explanations and justifications without being pressured by anyone. In addition, they
demonstrated adoption of a classroom academic culture that attaches importance to

explaining and justifying with the use of mathematical reasons or interpretations.
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Students willingly explaining and justifying mathematically illustrate that some
NESB studets may embrace the sociomathematical norm of explaining and
justifying mathematically when the teacher guides its establishment.

Student perspectives, emerging from the interviews, suggest that the number of
students who expected only the teacher to gnathematical explanations and
justifications decreased as the semester progressed (see section 6.3.2). At the same
time, those who expected the teacher and students to explain and justify
mathematically increased (see Table 6.2). This suggests thatjrogemy students
recognised mathematics learning as a process of social construction encompassing
mathematical explanations and justifications. Student comments suggest that they
gradually recognised that mathematical reasons and interpretations arnealessen
learning mathematics. Interview data reinforce the value of students being able to
provide mathematical explanations and justifications, and communicate

mathematically.

Similar conclusions to mine were arrived at by other researchers (e.g.eCalb
2001; Gresalfi, 2009; Levenson et al., 2009; Rasmussen & Kwon, 2007; Stylianou &
Blanton, 2002; Weber, Radu, Mueller, Powell, & Maher, 2010). These researchers
worked in separate studies that involved students with different language and
academic glture backgrounds from mine. Students they worked with ranged from
primary (e.g. Cobb et al.) to undergraduate level (e.g. Rasmussen & Kwon).
However, as | did, they highlighted the importance of establishing the norm of

explaining and justifying matherneally.

My findings conform with the views held by Dixon and his colleagues who contend
that when students participate in classroom discussions that encourage them to
explain and justify mathematical thinking, they strengthen and extend not only their
understanding of the concepts involved, but the understanding of other students in the
class as they listen to the explanations (Dixon et al., 2009). Furthermore, they are in
line with Walshaw and Anthony (2008) who, in their study, concluded that

mathematich explanations stimul at e, chall enge

mathematical thinking in ways that support learning.
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Communicating mathematically

In this study, the sociomathematical norm of communicating mathematically was
understood to mean studeriigsing able to communicate mathematics ideas using
conventional mathematical language (i.e. terminology and symbols). To develop the
norm of communicating mat hematically, I
around academic mathematical discourse @mamunication. My major strategies
were the use of contextualised mathematics problems (e.g. Example 6.4.1a);
managing smalgroup and wholelass discussions (e.g. Example 6.4.1b); explicitly
teachinddiscussing mathematical language (words or terms amibas) (Example
6.4.1b); teacher modelling communicating mathematically (e.g. Example 6.4.1c); and
teacher posing questions that oblige students to use mathematical language and
symbols (e.g. Example 6.4.1c).

As the data indicates, establishing the nofmommunicating mathematically allows
students to develop a takesshared understanding of what counts as
communicating mathematically (section 6.4.1). Findings show that students learn and
use mathematical language acceptable to the wider mathematicsuaity in the
course of collectively constructing the norm. Episodes and journal extracts in section
6.4.1 show that my NESB students discussed the meanings of unfamiliar
mathematical words, terms and notation, and later used mathematical terminology
and symbols when |, as teacher, asked them to (e.g. Ray, Wataru and Tiffany in
Example 6.4.1b).

My findings suggest that when the teacher openly guides the establishment of the
norm of communicating mathematically, progressively, conventional mathematical
language is used to communicate mathematics ideas in classroom activities (see
Example 6.4.1c). When this happens, students expect the use of mathematical
language in classroom discussions involving mathematics. Findings indicate that
communication of matheatics ideas between the students and the teacher and among
the students can also improve when students use conventional mathematical language

during classroom interactions (e.g. Examples 6.4.1b & 6.4.1c).
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As my findings suggest, establishing the norm ommunicating mathematically

allows students to use mathematical language in ggnalip and wholkelass

discussions, in a way that supports their learning (e.g. Example 6.4.1a). Over time,

some NESB students in this study communicated using mathematigabte, in

classroom discussions (e.g. Deependra and Wataru in Example 6.4.1c). Findings
show that, gradual l vy, some NESB studentso
mathematical terminology and symbols grows. This growth can be accompanied by
aninc ease in some studentsdé ability to solv
Some NESB students in this study showed gradual improvement in their ability to use
mathematical language to communicate their ideas during classroom discussions
(Example 6.4.1¢c)My findings suggest that establishing the norm of students being

able to communicate mathematics ideas using mathematical language allows NESB

students the chance to embrace the norm of communicating mathematically.

Interview data suggest that some ofy mstudents found communicating
mathematically hard and expected the teacher to support student language learning
and use. This data further supports the view that NESB students have language
demands that hinder their mathematics learning (see section. 2rt.addition,
interview data support the view that NESB students need teacher support to develop
the ability to communicate mathematically (Adler, 1997; Moschkovich, 2002). Data
also indicate that, as the semester went by, fewer students found comimgnicat
mathematically hard. Some students who stated at the beginning of the semester that

it was hard to communicate mathematically changed their minds (see Table 6.3).

My findings reflect that NESB students can develop an understanding of how, and the

ability, to appropriately use mathematical language which they need in order to
function effectively in mathematical activity. These conclusions are consistent with
Enyedy et al. (2008), Gould (2008) and McKenzie (2001) who highlight the need to
develop studet sé abi l ity to communicate in ways
mathematical community. In addition, my findings are in agreement with other
researchers (e.g. Cobb, Yackel & Wood, 1992; Forman, 2003; Moschkovich, 2002;

Tate, 2008; White, 2003) who fod that an ability to communicate mathematically

creates additional opportunities for students to explore and learn mathematics. Similar
inferences were made by Adler (1998, 1999) and Campbell et al. (2007) who, through
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separate research, concluded thatgilege is a crucial resource in mathematics

classrooms.
Insights across the three sociomathematical norms

Findings suggest that the social norms discussed in the previous section are both the
foundation and the building blocks for the construction of the sociomathematical
norms of mathematical probleamalysis, explaining and justifying mathematically,

and conmunicating mathematically (Chapters 5 & 6). These sociomathematical
norms are collectively developed by the students and the teacher, evolve over time
and require ongoing renewal. As illustrated by episodes and journal extracts in

sections 6.2.1 to 6.4.1hey are emergent phenomena.

Establishing the three sociomathematical norms, in this study, allows more coherent

and productive mathematical discussions to occur giving rise to better classroom
interactions. A focus on developing each of these norms {®eMESB students to

engage in constructive discussions that allow more meaningful mathematics learning

to occur because students would know the criteria for acceptability (sections 6.2.1 to

6.4.1). Lively debates concerning mathematics can occur thatagemeore effective
communi cati on of mat hemati cs i deas, bene
learning. Individually or collectively, these norms promote genuine communication

about mathematics, negotiation of mathematical meaning and conceptual
understandi g . NESB studentsé ability to solve
as they participate in the development of each norm. Sections 6.2.1 to 6.4.1 illustrate

this.

Findings suggest that constituting these three sociomathematical norms allows the
developmen of an academic culture which values and encourages students
communicating mathematics ideas (e.g. Example 6.4.1c). My findings indicate that
while collectively establishing the sociomathematical norms, some NESB students
may adopt the sociocultural viesf learning, as described in Chapter 3. At the same
time, some NESB students may recognise mathematical learning as a social and

cultural process (sections 6.2.1 to 6.4.2).
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A focus on establishing the sociomathematical norms of mathematical problem

analyss, explaining and justifying mathematically, communicating mathematically

and mathematical questioning allows distribution of authority to NESB students, in a

way that supports studentsd mathemati cs
findings suggesthta t these norms facilitate the de
intellectual autonomy (e.g. Example 6.4.1b), making it possible for students to make

what Kamii (1985; 2004) referred to as independent decisions and judgements about
mathematical contributionsAt the same time, jointly constituting these norms
promotes NESB studentsd ability to exerci s
to share authority (Chapter 6). My findings (e.g. Examples 6.2.1b, 6.3.1d & 6.4.1b)
demonstrate that, progressively, theherity to analyse a mathematics problem for
understanding, explain and justify mathematically, communicate mathematically, ask

a mathematical question, as well as to judge the correctness of mathematical ideas

can become the responsibility of all membefrshe classroom community, when the

teacher openly initiates and guides the development of sociomathematical norms
described in Chapter 6. Sections 6.2.1 to 6.4.1 show that, over time, mathematical

ideas in this study were not offered only by me, bulNBSB students as well, who

willingly and publicly made independent decisions and judgments regarding
mathematics. These actions reflect that authority and intellectual autonomy can be
embraced by some NESB students, following their experience of an acazrétare

t hat emphasises and promotes studentsd pub

The sociomathematical norms in this study shaped the way NESB students were
expected, obligated and entitled (Greeno, 2007; Gresalfi & Cobb, 2006; Gresalfi &
Williams, 2009) to engage with mathematical content in the classroom. Establishing

these sociomathematical norms allowed this to happen in a way that assisted NESB
student séb l earni ng, enabling them to par
activities. This situain fi ts with Cobbés (1999) View
being relatively noractive participants to substantial participants; in which students

rely on their own judgements rather than t

Based on findings in this section, | argimat if theteacher initiates and guides the
development of sociomathematical norms, such as mathematical prabédysis,

explaining and justifying mathematically, and communicating mathematically, that
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promote negotiation of mathematical meaning and conceptuatsiadeing, NESB

studentsdé6 mathematics | earning can be enha

Soci al nor ms and soci omat hemati cal nor ms

mathematics learning. In this study, | needed to also attend to normative aspects
specific to particular mathemesi ideas. Findings associated with classroom
mathematical practices that are effective for solving particular mathematics problems

are discussed next.

8.2.3 Classroom mathematical practices that are effective for solving particular
mathematics problems

In this section the focus is on insights for mathematics teaching and for NESB
studentsod | earning that became apparent
of classroom mathematical practices that are effective for solving mathematics
problems assoated with particular mathematics topics. To develop these
mathematical practices, my four main strategies were the use of both contextualised
and noncontextualised mathematics problems (e.g. to develop mathematical
practices 1 & 3); coordinating smajtoup to wholeclass discussions (e.g. while
developing mathematical practice 3); using a diagram (e.g. to develop mathematical
practice 1); and displaying mathematics problems and student solutions on the
boardoverhead projector (e.g. to support developneémhathematical practices 7 &

8). These practices have already been discussed but here | focus eastsikered

ways of reasoning and acting mathematically that were collectively established by the
classroom community, and to do with particular mathersabpics. For the topic
arrangements and selections, these mathematical practices were those of counting the
number of arrows and of multiplying the number of choices (at each stage of a
process) (sections 7.2.1 & 7.2.2). Sequence mathematical praatioded using

ratio to distinguish a graph of a geometric sequence, plotting sequence terms on a
graph without joining them, and progressively increasing the size of n (number of
terms) and monitoring the behaviour of the sequencésections 7.3.1, 7.3, &

7.3.3) Apart from these practices, | guided the establishment of a mathematical
practice concerned with the topic coordinate geometry (section 7.4iidling the

point of intersection of perpendicular bisectors of a triangle and using distance
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formula. In relation to the mathematics topic logarithm modelling, my students and |
constituted the mathematical practice of multiplying the original amount by
increasing powers of a constant, 3 (section 7.5.1). For the topic limit of a function,
NESB studerst and | collectively developed the mathematical practice of dividing the
numerator and denominator of a rational functigx), by X", where n is the largest

power of x in the denominator (see section 7.6.1).

Similar to social and sociomathematical norms (sections 8.2.1 & 8.2.2), | set out to
develop these classroom mathematical practices on the basis of understanding from
literature (see sections 2.3 & 3.4), anticipating my actions would enable my students
to engage in more meaningful mathematical problem solving and have their
mathematics learning enhanced. Even though different mathematical practices were
established for different mathematics topics, insights that cut across all mathematical

practices were ehtifiable and are discussed next.
Classroom mathematical practices emerge

Firstly, the examples in Chapter 7 suggest that mathematical practices, just like the
social and sociomathematical norms detailed in Chapters 5 and 6, are emergent
phenomena. Thegvolve over time as students and the teacher discuss particular
mathematics problems and solutions during regular classroom interactions. The data
indicate that it is possible to build from one mathematical practice to another when
the teacher creates cations that encourage students to explore further an already
established mathematical practice. This point is illustrated by episodes in sections
7.2.1 and 7.2.2 which show that mathematical practice 2 (or multiplication principle)
evolved from mathematitgractice 1 (or drawing a diagram and counting the
arrows), during classroom interactions. Bowers et al. (1999) described the evolution
of mathematical practices that emerged over a period of nine weeks of teaching
primary school mathematics studentsha USA. Rasmussen et al. (2004) had similar
findings. These researchers documented the emergence of six classroom
mathematical practices, during 22 days of teaching differential equations to
undergraduate mathematics students. This study contributes raplexaf how this
process can also take place over a shorter time scale of two to three days, and

involving the emergence of two or three mathematical practices.
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Establishing mathematical practices requires a focus on specific ways of reasoning

appropriatefor that mathematics idea or topic

A focus on establishing classroom mathematical practices supports attention being

given to the ways of reasoning and symbolizing involved in a specific mathematics

topic (see sections 7.2.1 to 7.6.1). My findings shbat ta focus on developing

specific mathematical practices creates an intellectual need for students to explain the
reasoning behind their actions, solutions and or use of symbols for a particular
mathematics topic, particularly when the teacher encourdnggs to justify their

actions. As they take part in ongoing development of a mathematical practice,
students develop the ability to seek and offer the reasoning behind their actions (e.g.
Episodes 7.4.1 & 7.5.1). St u deeptdalsaherr e as oni
than procedural understanding, and specific to a particular mathematics idea as was

the case with Snowyés reasoning in episode
of students being able to reason conceptually when they argue thajeherally

believed that when students learn mathematics through thinking and reasoning they

develop conceptual understanding.
A focus on classroom mathematical practices promotes coherent discussions

A focus on establishing a problespecific classrom mathematical practice enables

the coherent mathematical discussions that are needed for student learning (see, for
example, mathematical practice 5 in section 7.3.3). This finding is consistent with
research by Enyedy et al. (2008), McCrone (2005), aegph@n and Rasmussen
(2002) who argue that a focus on classroom mathematical practices creates coherent
mathematical discussions and models the academic discourse of mathematics that

students need to learn in order to be academically successful.

Establishhng mathematical practices, such as those in Chapter 7, provides
opportunities for NESB students to engage in more reasoned mathematical
discussions linked to a specific mathematics idea (e.g. in section 7.3.1). By
participating in the development of difemt mathematical practices, some NESB

students in this study became more able to work and contribute to logical discussion,
in different mathematics situations (e.g. involving graphs, in section 7.3.2, and

equations, in section 7.4.1).
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