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Abstract.

Concerns have been raised about the potential of reform-oriented curriculum for promoting equity. This paper considers
this important issue and argues that investigations into equitable teaching must pay attention to the particular practices
of teaching and learning that are enacted in classrooms. Data are presented from two studies in which middle and high
school teachers using reform-oriented mathematics curriculum achieved a reduction in linguistic, ethnic, and class
inequalities in their schools. The teaching and learning practices that were employed are shown to be central to the
attainment of equity, suggesting that relational analysis of equity, that go beyond the curriculum, to include the teacher

and their teaching, are critical.

Introduction.

The relationship between different teaching methods and students’ understanding of mathematics is one that has
fascinated teachers and researchers for decades (Benezet, 1935). When the mathematics reform movements of the
1980’s were developed in different countries across the world, they were based upon the idea that open-ended problems
that encourage students to choose and combine different methods, and discuss different solution methods with their
peers, would provide productive learning experiences. There was considerable support for such ideas and the last 20
years have witnessed the development of a plethora of curriculum materials that centralize open ended and
contextualized mathematics problems. However, such materials and their associated teaching methods, have not been
well received by all parties (Battista, 1999; Becker & Jacob, 2000). Some of the objections to reform-oriented
approaches have come from mathematicians and others who gained considerable understandings through more
traditional routes (see, for example, Wu, 1999; Klein, 2001). Other objections have come from those who prefer to
maintain the traditions of the past and who view changes to school presentations of mathematics as a challenge to the
social order (Rosen, 2000; Stephen Ball, 1993). Recently objections have come from a more unexpected source — some
of those within the education academy who are particularly concerned with equity have expressed concern that reform-
oriented approaches to mathematics may not enhance achievement for all, as was originally hoped and claimed

(Lubienski, 2000).

Lubienski (2000) monitored her own teaching of a reform-oriented curriculum to a class of students and noted that the
working class students were less confident and successful than the middle-class students. Some of the students
attributed their lack of success to the open-ended nature of the work, which prompted Lubienski to question the
prevailing notion that ‘reform’ curriculum materials are advantageous for all children. Delpit (1988) has also raised
questions about ‘progressive’ reform movements, particularly their potential to distribute achievement more equitably,
on the basis that schools reproduce a ‘culture of power’ (p.485), and that ‘if you are not already a participant in the

culture of power, being told explicitly the rules of that culture makes acquiring power easier’ (p486). Delpit provides a
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number of examples of teaching approaches employing principles of 'reform' that, she argues, exacerbated inequalities,
as cultural and linguistic minority students expected and wanted teaching to be more direct, with explicit
communication of the rules to which society attends. Delpit talked particularly about progressive approaches to
reading, arguing that skills-oriented approaches may be more equitable because they tell students about concepts and
skills rather than providing experiences through which students may learn them. Both Delpit and Lubienski raise
concerns about the access that some students receive to new curriculum approaches, raising extremely important
questions for the future. In giving examples of reform oriented approaches that did not reduce inequality they also point
to an urgent need for a greater understanding of the ways in which mathematics reform approaches, developed to

enhance conceptual understanding, may do so more equitably.

The idea that some students may be disadvantaged by some of the reform-oriented curriculum and teaching approaches
that are used in schools is extremely important to consider and may reflect a certain naiveté in our assumptions that
open teaching methods would be accessible to all. But whilst the realization that some students may be less prepared to
engage in the different roles that are required by open curriculum is very important, analyses that go from this idea to
the claim that traditional curriculum are more suitable may be extremely misleading. This is partly because they reduce
the complexity of teaching and learning to a question of curriculum, leaving the teaching of the curriculum relatively
unexamined. Some reform approaches have been found to promote equity and high achievement (Silver, Smith &
Nelson, 1995; Boaler, 1997a) and it seems important to understand the conditions that support such achievements and
examine the ways in which they differ from others (Greeno & MMAP, 1998). This could advance our understanding of
teacher practices that are productive in open environments and the teacher learning that may support them. The field of
mathematics education does not currently have a nuanced or well-differentiated knowledge base of equitable teaching
practices. The first wave of research into the impact of reform approaches has tended, necessarily, to report upon the
relationships between broad teaching approaches, such as group work or whole class discussions, and student
understanding (Hiebert and Weane, 1993; Boaler, 1998). In this paper I open these and other teaching practices for
closer examination and contend that the differences between equitable and inequitable teaching approaches lie within
the different methods commonly discussed, and that greater insights into equity will require an understanding of the

ways teachers work to enact different approaches.

The idea that ‘traditional’ curriculum may be more appropriate for some students is not only problematic because it
focuses only upon the curriculum. The claim that open ended materials and methods are less suitable for working class
or ethnic minority students is potentially dangerous because it feeds into an educational system in which many already
subscribe to the view that working class students cannot cope with more demanding work (Boaler, 1997a; Gutiérrez,
1996). In such a context analysts need to be particularly careful and responsible in their reporting, making sure that all
possible sources of equality and inequality are carefully examined. Haberman has referred to the procedural teaching
that is frequently offered in urban schools as a ‘pedagogy of poverty’ (Haberman, 1991; Ladson-Billings, 1997) and
Anyon has noted the prevalence of more closed and procedural approaches in working class schools (Anyon, 1980,
1981). Observations that reform curriculum do not always eradicate inequalities that are not accompanied by
investigations into the ways they may do so could continue these deficit patterns of opportunity.

The third problem with claims that traditional approaches may be better for some students is that such analyses locate
the problem within the students. It seems important that educators understand the needs of different groups of students,
not so that we may develop negative ideas about students’ mathematical potential (Varenne & Mcdermott, 1999), but so

that we may develop awareness of the ways in which schools can better meet their needs. This will require a shift in



focus away from what students cannot do — cope well with open ended work for example — onto what schools can do,
to make the educational experience more equitable. The aim of this paper is to begin such an investigation, drawing

from different studies that give insights into the ways that equitable achievement may be achieved.

Theories of cultural reproduction.

Investigations into sources of inequality have led researchers to propose that certain cultural elements mediate the
relationship between people’s lives and the economic structures of society (Mehan, Hobbard & Villanueva, 1994),
through a process in which children learn cultural knowledge from their families — ways of dressing, speaking,
interacting and so on. It is further proposed that children from working class homes acquire a different form of cultural
capital (Bourdieu, 1986) than children in middle or upper class homes and that schools recognize the cultural capital of
middle class learners. Thus, middle class children are more likely to be defined as effective in school merely because of

their ‘congruency with the formal context of schooling’ (Zevenbergen, 1996, p105).

Theories of reproduction (Bowles & Gintis, 1976; Bourdieu & Passeron, 1977) that draw from both sociology and
anthropology, do not deal with overt intentions, or claim that teachers deliberately support students of their own gender,
race or class above others. They deal instead with more subtle demonstrations of power that ‘relate to linguistic forms,
communicative strategies and presentation of self; that is ways of talking, ways of writing, ways of dressing, and ways
of interacting’ (Delpit, 1988, p486). Such theories are persuasive as they provide explanations for the fact that schools
not only reflect, but re-enforce the class disparities of society, despite the best intentions of educators. These theories
relate to mathematics reforms as researchers have argued that the norms of reform-oriented classrooms are more
consonant with the norms of white, middle class homes. Delpit draws from Heath’s data (1983) to argue that white,
middle class students are used to interpreting indirect statements from parents, whereas black and working class
students expect facts and rules to be communicated more directly. Thus she questions the accessibility of progressive
approaches to reading as, she argues, they provide experiences through which students may learn important facts, norms
and traditions, rather than direct opportunities for students to gain access to them. There have been significant
objections to theories of cultural reproduction with claims that they are overly deterministic, emphasizing social and
structural constraints at the expense of individual actions (Varenne & McDermott, 1998; Mehan, 1992). For students
do not just assume, or uncritically accept the norms of the home or school, they play an important part in forming,
accepting and, for some, resisting such norms (Apple & Christian-Smith, 1991). But sociologists and anthropologists
seem to agree around at least one issue: learning to be successful in school involves understanding and following the
rules of the school game, what Pope (1999) has defined as ‘doing school’, and middle class learners seem to be

advantaged in this respect.

Learning practices.

One of the important understandings that may be gained from theories of cultural reproduction is the idea that there are
certain practices that students need to learn in school in order to be successful, and that these are related to, but go
beyond understanding of subject content. This fits with an emerging body of research that is showing the importance of
students understanding their role in reform-oriented classrooms. Corbett and Wilson (1995) argue that those working to
promote educational reforms have generally overlooked the fact that students not only need to develop new ways of

working in reform oriented classrooms, but an understanding of, and commitment towards, the changes in their roles.



4

They argue that ‘students must change during reform, not just as a consequence of it’ (1995, p12). This is a simple but
important point that has been given surprisingly little attention. Thus researchers have written extensively about the
ways students may benefit from reforms paying relatively little attention to the implications of such reforms for student
roles. David Cohen and Deborah Ball (2000) have termed the different practices that students need to employ and
understand in school — learning practices — and one important practice that Corbett and Wilson draw attention to is the
act of explaining work. In traditional mathematics classrooms students are required to produce correct answers, but in
reform-oriented classrooms they often need to go beyond correct answers and explain their methods, justifying the
approaches they have used. Lubienski (2000) reported that middle class students in her class were more likely to justify
their answers in line with the expectations of the reform curriculum she used, than working class students. She used
this finding as an illustration of the possible inappropriateness of open-ended curriculum, but it could equally be given
as an example of a teaching opportunity. Students do not only need to learn mathematics in classrooms, they need to
learn particular schooling and learning practices. An important task for researchers in the future may be to consider the
ways in which the different learning practices that support successful participation in 'reform' mathematics classrooms,

may be learned.

Yackel and Cobb (1996) draw attention to the norms of mathematics classrooms, distinguishing between norms that
they describe as social and those that are socio-mathematical. Their depiction and naming of the repeated practices of
classrooms in which teachers and students engage, and that develop gradually over time, has been extremely generative.
This is partly because classroom norms, such as ‘what counts as an acceptable mathematical explanation and
justification’ (1996, p461), pay attention to a level of detail in the enactment of teaching that has been lacking within
many analyses (Lampert, 1985). The notion of socio-mathematical norms offers a lens through which to examine and
describe the colors and contours of mathematics classrooms, giving name to some of the important choices to which
teachers and students attend in the activity of mathematics teaching and learning. The notion of learning practices
operates at a similar level of detail, drawing attention to the specific actions and practices in which students need to
engage in different classrooms. Knowing when and how to take notes as a teacher talks is an example of a learning
practice in which students may need to engage, but that is rarely given specific attention or taught. There are many
different learning practices that may give students access to the classroom norms that are in place in their classrooms
and, concurrently to mathematical understanding and success. These range from general practices - such as asking
questions or taking notes - to specific practices such as knowing to represent difficult mathematics problems as a
diagram. Polya (1971) and others have considered what successful mathematics problem solvers do, producing lists of
strategies that they use to solve problems. Learning practices could include such strategies, as well as the other actions
in which students need to engage to be successful in their mathematics classrooms. 'Reform' classrooms require a
different set of learning practices from those in more traditional classrooms and if these are currently inequitably
distributed, as Lubienski and Delpit highlight, then it seems important to consider ways in which they may be learned

by all students.

The field of mathematics education does not currently have an extensive or well developed knowledge base of the
particular ways in which teachers may mediate curriculum approaches to make them equitable, including, for example,
the learning practices to which they may need to pay explicit attention. The development of such a knowledge base
seems to have been severely hampered by the pervasive public focus on curriculum approach. Teachers, researchers,
mathematicians and policy makers have all argued about the curriculum that should be used in classrooms. But whilst

opponents and proponents of different curriculum have argued about the importance of open-ended work or structured
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questions, they have rarely considered the ways in which teachers may manage such approaches, the teacher knowledge
they may require (Ball & Bass, 2000) or the changed student roles that may need to be learned in order for different
approaches to be successful (Corbett & Wilson, 1995). The “math wars” as they have been termed in the United States,
have comprised bitter battles fought in schools, districts and the pages of the press as opponents and proponents of
reform-oriented teaching argue their cases. Such battles are unfortunate for many reasons, not least the fact that the
broad focus on curriculum necessitated by such arguments has served to reduce the learning experience to an interaction
between students and curriculum. This has taken attention away from the teaching practices that mediate student

success and that may require considerable understanding and support.

Cohen, Raudenbush, and Ball (2000) have suggested that such an understanding will be encouraged by a focus on the
interactions that constitute learning and the detailed practices that take place at the intersection of teachers, students and
content, in environments. They have proposed that mathematics teaching and learning be represented by an

instructional triangle (see figure 1), the vertices of which are teachers, students and content.

Figure 1: ‘Instruction as interaction of teachers, students and content in environments’. (Cohen, Raudenbush & Ball,

2000)
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Cohen, Raudenbush and Ball (2000) propose that learning opportunities take place at the intersection of these different
variables and that few learning occasions can be understood without consideration of the contribution made by the
teacher, the students, the discipline of mathematics and the ways that they interact within environments. They further
propose that environments, traditionally regarded as outside influences, ‘become active inside instruction’ (2000, p14).
Their focus on practice is consistent with the perspective of situated theory (Lave & Wenger 1991; Lave, 1996; Greeno
& MMAP, 1998) and it has profound implications for research, curriculum, and professional development. One
implication of focusing upon the practices of mathematics classrooms is that insights may be provided into the
interactional nature of teaching and learning. Thus, in any one moment of teaching and learning, a researcher may seek
to understand the relationships between and among the curriculum question, the teacher mediation of the question, the
student responses and the pervading classroom norms (Boaler, 2000a,b). A focus on practice also enables a level of
detail that Lampert (1985), and Chazan & Ball (1999) have argued is critical for understanding ‘teacher moves’.
Lampert has proposed that: ‘efforts to build generalized theories of instruction, curriculum, or classroom management
based on careful empirical research have much to contribute to the improvement of teaching, but they do not
sufficiently describe the work of teaching’ (1985, p179). This focus upon general methods of instruction, at the

expense of particular teacher moves, is pervasive within and outside the education community. Broad teaching
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approaches and curriculum questions are extremely important to consider, but Ball, Cohen, Chazan, Lampert and others
have argued lucidly that understanding the difference between effective and ineffective teaching will require a focus

upon the practices of teaching and learning.

In an effort to describe and examine the interactions that constitute teaching and learning, and the particular teacher
moves that promote equity, I will spend time in this paper analyzing two particular examples of equitable teaching and
learning practices, one that I studied in England and one that took place in the United States. Both of these approaches
were ‘reform oriented’ and they contributed towards a reduction of linguistic, ethnic, and class inequalities. The fact
that these approaches contributed to the promotion of equity is important, casting doubt upon claims that reform-
oriented approaches are inequitable. But in the final section of this paper I will consider a more important question —
what methods did the teachers use to promote equity in their mediation of the reform curriculum? I will consider only a
small proportion of the teachers’ practices, but these will show that any reduction of the learning experience to an
interaction between students and curriculum is essentially flawed, as teachers and their teaching of different curriculum

are central to the promotion of equity.

Evidence of Equitable Teaching.

In previous editions of JRME I summarized the results of a three-year investigation into the experiences and
achievements of approximately 300 students as they attended secondary schools with vastly different mathematics
teaching approaches in England. Both schools were situated in low-income areas and the majority of students at both
schools were white and working class. One of the schools used an open-ended approach for mathematics (‘Phoenix
Park’) the other a procedural, skill-based approach (‘Amber Hill”). In previous reports I mentioned, but did not expand
upon the fact that the teachers using an open-ended approach also achieved more equitable outcomes. Unusually in that
study I investigated the relationship between mathematics achievement and social class for the 300 students, from when
they began their different approaches at age 13, until they reached the end of compulsory schooling at age 16 (Boaler,
1997b). When the 110 students in the year cohort at Phoenix Park started at the school there were already significant
class disparities in their achievement. The correlation between social class and mathematics attainment at that time was
0.43'. T had not monitored the students’ experiences prior to their time at Phoenix Park, but knew that the middle
schools they attended employed ability grouping and traditional curriculum. In England, social class often correlates
significantly with achievement, as well as placement in ability groups — a process that is purported to contribute towards
social inequalities (Stephen Ball, 1981, Tomlinson, 1987, Abraham, 1995). When the students left Phoenix Park
school three years later, having worked in mixed ability groups on an open, project-based mathematics curriculum, the
partial correlation between achievement and social class, after controlling for initial attainment — was 0.15. At Amber
Hill school where the teachers used a procedural approach to mathematics there was a beginning correlation between
the students’ attainment at age 13 and their social class of 0.19. It was not possible to know why the beginning
correlation was so different at the two schools, but the Amber Hill students had worked for the previous 2 years in
mixed ability groups, whereas the Phoenix Park students had worked in ‘tracked’ groups. After three years of working
on their procedural mathematics curriculum in ability groups the partial correlation between the Amber Hill students’
social class and achievement, after controlling for initial attainment, was 0.30 (n=196). At the beginning of the study
the cohorts of students at the two schools were matched by gender, race and social class and there were no significant

differences in their mathematics attainment at that time. Three years later the students at the project based school
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(Phoenix Park) scored significantly higher grades on a range of assessments, including the national examination, (x2 (1
,N=290)=12.5, p<0.001). This was despite the comparability of the attainment of the students in the two schools at
age 13 and the extra time the students spent ‘on task’ at Amber Hill — the traditional school (Boaler, 1997a). At Amber
Hill the boys also gained significantly higher grades than the girls, but there were no gender disparities in achievement
at Phoenix Park. Thus the school that used an open ended approach not only achieved significant results with the
students — who gained higher examination results than the national average, despite being in one of the poorest areas of
the country — but they reduced inequalities in gender and social class. These results, particularly the increase in class
polarization at Amber Hill, stand in direct contrast to Lubienski’s proposition that 'the algorithmic mode of instruction
might provide a relatively level playing field' (2000, p478) and in the second part of this paper I will consider the

particular teaching practices and beliefs that appeared to impact the attainment of equity at the two schools.

The QUASAR project (Silver, Smith & Nelson, 1995; Brown, Stein & Forman, 1996; Lane & Silver, 1999) started
from the assumption that mathematical proficiency could be attained by all students and that attainment would be raised
in poor and minority communities if teachers placed a greater emphasis on problem solving, communication and
conceptual understanding. Teachers in six urban middle schools in the US, serving socially and culturally diverse
populations of students, spent 5 years developing and implementing a more open and discursive mathematics
curriculum. Students learned about facts and algorithms, but they also learned when, how, and why to apply procedures
and they used the procedures they learned to solve high-level problems. There were a number of similarities between
the QUASAR and Phoenix Park approaches, including mixed ability classes, a focus on problem solving, high
expectations for all students, attention to a broad array of mathematical topics and the encouragement of discussion and
justification. The QUASAR students’ achievement was measured over time revealing dramatic results. The students
made significant gains in their achievement, they performed at significantly higher levels than comparable student
groups on a range of different assessments and the gains were distributed equally among the different racial, ethnic and
linguistic groups of students.

The results of these and other studies (Knapp, Shields & Turnbull, 1995) cast considerable doubt on claims that open-
ended approaches are less suitable for working class and minority children — but they also raise an important question.
Why did the ‘reform’ oriented approaches of the Phoenix Park and QUASAR teachers appear to promote equity when
other ‘reform’ curriculum have not reduced inequalities (Lubienski, 2000)? The answer to this question may be
important to our field and I will spend some time now addressing the particular practices of teaching and learning that

the Phoenix Park and QUASAR teachers employed and that appeared to impact the attainment of equity.

A Focus on Teaching and Learning Practices.

At Phoenix Park school the curriculum was designed by the teachers. They did not use any books or work-cards,
instead they brought together a collection of different open-ended projects, that generally lasted for two to three weeks
of mathematics lessons (for more information on Phoenix Park’s approach, see Boaler, 1997a). The teachers designed
the curriculum as part of a working group of teachers who were developing open approaches in six different schools.
They met as part of the Association of Teachers of Mathematics (ATM), the British equivalent to NCTM. When I
conducted my research study the school had been using an open-ended approach for two years.

When the Phoenix Park students arrived at the school many of them immediately took to the open-ended mathematics

approach to which they were introduced, despite the 8 years they had spent working on more closed and traditional
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mathematics questions before they attended Phoenix Park. But some of the students, particularly boys, found the open-
ness of the work they were given extremely disconcerting. They, like some of the students Lubienski reported (2000),
said that they were uncomfortable with the lack of structure or suggested direction in the problems, and that they would
prefer a more traditional approach. These students, along with the majority of students at Phoenix Park, came from

homes of severe poverty, living on a housing estate (similar to a US project) that was infamous for drug-related crimes
and “joy-riding”, and where police would not venture at night. When I interviewed the students at the beginning of the

study they described their motivations clearly:

S: When I go into a maths lesson I usually sit down and I think - who am I going to throw a rubber (erasure) at

today? (Shaun, PP, year 9, RT)

JB: Can you think of a maths lesson that you’ve enjoyed?

M: Messing about, that’s what I enjoy doing.

JB: What would make maths better?

M: Working from books — you don’t mess about if you’ve got a book there, you know what to do. (Megan, PP,
year 9, RT)

Although some of the students blamed their misbehavior on the openness of the work, the teachers did not give the
students books or structure. This may have been the easiest option, but the Phoenix Park teachers believed that the
open-ended approach they used was valuable for a// students and that it was their job to make the work equitably
accessible. They therefore developed a range of practices that served to increase the students’ access to the problems
they met and the methods they were expected to use. I will give evidence of three of their equitable practices in this
paper, both in order to highlight these particular practices and in order to illustrate the importance of the detailed teacher

“moves” that could become a greater part of the lexicography of mathematics education (Lampert, 1985).

(i) Introducing activities through discussion. One practice that was central to the Phoenix Park teachers’ approach was
one of introducing the activities to students themselves, through discussion. This enabled the teachers to decide upon
the degree of support or structure students needed. In the three years that students attended Phoenix Park they were
never left to interpret text-based problems alone. The teachers always spent time with individuals, groups or the whole
class introducing ideas and making sure students all knew how to start their explorations. Phoenix Park teachers would
frequently ask students to gather around the board when new problems were being introduced, and when homework
was being set, in order to have some discussion of the problems that were being posed. Similar practices were evident
in the QUASAR classrooms. Smith (2000) reports her observations of an urban middle school teacher who used the
same curriculum as Lubienski. She reports that the teacher would ask students to read problems aloud in class, then
hold a discussion about the context of the problem and any vocabulary used, in case either was unfamiliar. Then she
would ask students to discuss what they thought the task was asking them to do. After such discussions the teacher
would ask groups to work on the task and check that different individuals understood what they should do. Such
practices were employed by Phoenix Park and QUASAR teachers in order to make tasks equally accessible, but they
contrast with many classrooms in which students are left to interpret the aim of problems from their reading of reform
texts, which are often extremely wordy and linguistically demanding. The way in which work is introduced to students

and the access students are given to the mathematical ideas that they are intended to explore seems extremely important.
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(ii) Teaching students to explain and justify. A second important feature of the Phoenix Park teachers’ practice was that
they paid attention to the ways in which students communicated their understanding, as well as the students’
understanding of the need for that aspect of their work. As part of their commitment to encourage students to explain
and justify their thinking, the teachers at Phoenix Park offered frequent encouragement to individual students to explain
their reasoning and communicate in more detail, as the students were not used to doing so when they arrived at the
school. In one of the lessons I observed, a student gave in a problem on which he had been working, that showed some

of his methods, and a correct answer. The teacher studied it for a while, then said:

‘Brilliant work John but you can’t just write it down, there must be some sense to why you’ve done it, some

logic, why did you do it that way?, explain it.” (Rosie Thomas, year 10)

Rosie’s ‘there must be some sense to why you’ve done it’ typifies the sort of encouragement the students were given at
Phoenix Park. The teachers strove to expand the way in which the students thought about mathematics, extending the
students’ value systems beyond the desire to attain correct answers. There was considerable evidence that they were

successful in that regard:

I: It’s an easier way to learn, because you’re actually finding things out for yourself, not looking for things in the
textbook.

JB: Was that the same in your last school do you think?

I: No, like if we got an answer, they would say, “you got it right”. Here you have to explain how you got it.

JB: What do you think about that?

I: Ithink it helps you. (Ian, Year 10)

In one of the lessons I observed, the teacher asked all the students to gather round the board, then she posed the
following question: ‘If someone new came into class and they asked you what makes a good piece of work? What does
Ms Thomas like? What would you say?’ The first student offered ‘lots of writing’, others offered suggestions such as
‘have an aim’, ‘draw a plan’ and ‘write about patterns’. Each time the teacher came back with further questions — such
as ‘is the amount of writing important?’ or ‘what does that mean?’, ‘why is a plan important?’ ‘what does a good plan
look like?” ‘why do we record patterns?’ The students struggled over many of their explanations but they sat around the
board engrossed in this discussion for some time. The students were clearly appreciative of the opportunity to learn
about valued ways of working. As they talked the teacher kept a record of the students’ suggestions on the board. After
approximately 40 minutes of discussion the teacher told the students that their task was to design a poster describing the
different features of ‘good work’. She also gave them a page that the department had prepared that was called ‘hints for
investigations’. It was divided into three columns, headed ‘what to say’, ‘how to say it” and ‘making sense of it’, these
showed different suggestions for students, such as ‘can you make the problem more general? Make the original problem
more difficult’ and ‘now explain how or why your algebraic rules work’. The students studied the page and
incorporated many of the suggestions into their posters. This lesson explicitly focused upon the mathematical learning
practices (Cohen & Ball, 2000) of explanation and justification that the students needed to employ in the pursuit of
their mathematical investigations. Many of the practices were those that are valued in other reform-oriented
classrooms, but teachers do not always give them such explicit attention. They assume that students will understand the

need for their use and the changed practices they need to employ.
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In Lubienski’s recent report (2000) she observed that working class students were reluctant to explain their work, and
concluded from that experience that a more structured approach may be more equitable. When the Phoenix Park
teachers found that some students were not communicating their thinking or interpreting numerical answers, they
devoted more time to this aspect of their teaching, regarding the students’ reluctance as a gap in their understanding of

what was required in the work.

(iii) Making 'real world' contexts accessible. One of the reservations Lubienski and others have expressed about reform-
oriented teaching concerns the use of ‘real world’ contexts. Many of the reform-oriented curriculum that are used in
different countries are replete with contexts that are intended to bring some realism into the mathematics classroom. I
share Lubienski’s concerns about the potential these hold for increasing the gap between low and high SES students, as
well as boys and girls (Boaler, 1994, Murphy, 1990; Murphy & Gipps, 1996) and students of different cultural groups
(Silver, Smith & Nelson, 1995; Ball, 1995, Zevenbergen, 2000). One of the problems presented by real world contexts
is that they often require familiarity with the situation being described and such familiarity cannot always be assumed.
In Deborah Ball’s teaching of mathematics to a linguistically and culturally diverse class of elementary students she
found that some contexts were “‘unevenly familiar or interesting” which caused some distraction and confusion in ways
that ‘diminished the sense of collective purpose’ in her class (1995, p672). Ball therefore led the students into
explorations of theoretical, abstract and at times esoteric mathematical concepts that fascinated the children, causing her
to conclude that contexts are far from necessary for the encouragement of high level thinking amongst young children.
One significant problem that is provided by many of the contexts used in mathematics examples occurs when students
are required to engage partly as though a context in a task were real whilst simultaneously ignoring factors pertinent to
the 'real life version' of the task. As Adda (1989) suggests, we may offer students questions involving the price of
sweets but students must remember that 'it would be dangerous to answer them by referring to the price of sweets
bought this morning' (Adda 1989 p 150). But mathematics books — particularly the commercially produced reform-
oriented curriculum to which Lubienski refers — are full of examples of pseudo-situations that students are meant to
partially consider. Knowing how much consideration to give to the real world factors presented in questions has now
become a form of school knowledge that students need and that appears to be differentially distributed (Boaler, 1993;
1994; Zevenbergen, 2000; Cooper and Dunne, 1998). The QUASAR teachers addressed this issue by engaging
students in conversations about the meaning of the different contexts they encountered in questions. In one published
example, the teacher introduced a question about the most economical way to buy bus tickets — as a weekly pass, or
daily tickets. The textbook authors intended students to calculate the most cost effective tickets, but the students,
understandably, considered the variables in the question — such as how often they would use a weekly ticket and the
different family members that could use it. Lubienski (2000) offers similar examples of students in her class who
considered the contexts provided and the variables that would be presented in the ‘real world’, considering whether
people would want ‘seconds’ in what was intended to be a straightforward calculation of pizza divisions. When the
QUASAR teacher realized that students were situating their reasoning in the context of their lives and that there was
more than one ‘correct’ answer to the problem she changed her expectations and provided students with opportunities to
explain their reasoning. Silver, Smith & Nelson (1995) conclude from this situation that: ‘increasing the relevance of
school mathematics to the lives of children involves more than merely providing “real world” contexts for mathematics
problems; real world solutions for these problems must also be considered.” (1995, p41). The QUASAR teachers
redefined their expectations and roles to make use of the students’ experiences and their integration of mathematical
and ‘real world’ variables. Silver, Smith & Nelson (1995) point out that contexts present an important opportunity for

teachers to make the educational experience more equitable for children, and that teachers should deliberately provide
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opportunities for students to ‘negotiate transitions among frames of reference’ (1995, p24). In doing so they
acknowledge the additional school knowledge that contextualized questions require and the role that teachers may play
in distributing that knowledge more equitably. This knowledge of the ways in which contexts should be interpreted and
used is likely to be of value in many institutionalized settings (such as those involving high-stakes assessments) as it

lies at the core of ‘doing school’ (Pope, 1999).

At Phoenix Park the teachers rarely gave the students contextualized mathematics questions from published curriculum,
but they attempted to make the different mathematical explorations relevant to the students by relating them to their
lives. For example, when they introduced work on statistics, they asked the students to collect data that was of interest
to them from newspapers and magazines. When they worked on patterns and tesselations they asked students to bring
patterns into school that they liked. In another situation one of the teachers I observed suggested that a girl who was
interested in babies, investigated the admissions policy of the school nursery that was attached to the school. The
Phoenix Park teachers encouraged students to relate mathematics to issues and topics in their lives. They, like the
QUASAR teachers, did not expect students to interpret contextualized textbook questions exactly as the textbook

authors intended, assuming some degree of reality but not too much (Wiliam, 1997).

The Phoenix Park and QUASAR teachers encouraged students to interpret the mathematical and ‘real world’ variables
presented in different problems — and their relationship with each other. In doing so they were able to promote equity
and teach students to view mathematics as a flexible means with which to interpret reality. There are important reasons
for teachers to move mathematics instruction beyond the abstract that make explorations of ways they may do so
equitably extremely worthwhile. The recognition that girls and boys, as well as students of different social, cultural, or
linguistic groups encounter contexts differently is relatively recent and researchers from across the world are
considering the implications of this finding (Zevenbergen, 2000; Cooper & Dunne, 1998). The recommendations that
are emerging from this work center upon ways that teachers may use contexts more equitably, allowing students to
consider the constraints that real situations provide, and encouraging attention to the ‘code switching’ that contexts

require and that may be a more general and important feature of ‘doing school’ (Pope, 1999).

The three practices I have highlighted were intrinsic to the Phoenix Park teachers' success in engaging students in
reform oriented mathematical investigations, even though the students were not used to such work when they arrived at
the school. After months of careful support from the Phoenix Park teachers, the students who had struggled and been
extremely reluctant to accept an open approach to work started to become more engaged with their work and more
comfortable with the freedom they were given. The change in some of the disaffected boys became most obvious
when, in the second year of the school, they were taught by a student teacher who tried to teach mathematics in a more
traditional way. In the following extract from my observation notes the boys start to complain, because of the closed
nature of the work that was given to them. This was very different from the approach to which they had, by then,

become accustomed:

The teacher starts the lesson by asking the class to copy what he is writing off the board. He is writing about

different forms of data, qualitative and quantitative. The students are very quiet and they start to copy off the board.
The teacher then stops writing for a while and tells the students about the different types of data. He then asks them
to continue copying off the board. After a few minutes of silent copying Gary shouts out ‘Sir when are we going to

do some work?’, Leigh follows this up with ‘Yeah are we going to do any work today sir?’ Barry then adds ‘This is
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boring, it’s just copying’. The teacher ignores this and carries on writing and talking about data. The boys go back
to copying. The teacher looks across at Lorraine, who is looking puzzled, and asks her if she ‘is OK” she says ‘No
not really, what does all this stuff mean?’. This seems to annoy the teacher, or make him uncomfortable, he turns
back to the board and continues writing. Gary persists with his questioning, this time asking ‘Sir, why are we

doing all this?’, the teacher replies: ‘We are just rounding off the work you have done.’

After about 20 minutes of board work the teacher asks the students to go through all of their examples of data
collection that they have done over recent weeks and write down whether they are qualitative or quantitative. Peter
asks ‘Sir what’s the point of this?, aren’t we going to do any work today?’ the teacher responds with ‘you need to
know what these words mean.” Peter replies ‘But we know what they mean, you’ve just written it on the board so

we know’. (Phoenix Park, student teacher, year 10)

This series of interactions was particularly interesting to observe because it was the group of boys who had been most
resistant to open-ended work who objected to the closed nature of the work the student teacher gave them. The boys
repeatedly asked ‘whether they were going to do any work today’, indicating that they did not regard copying off the
board as work, probably because it did not present them with a problem to solve. When the student teacher told them to
classify data as quantitative or qualitative so that they would learn what the words meant, Peter questioned the point of
this because they had already been told what they meant. Yet the mathematics teaching offered in this example is fairly
characteristic of more traditional high school mathematics pedagogy in which the teacher explains what something
means to students, they copy it down from the board and then they practice some examples of their own. The degree of
resistance the students provided seems important to consider. In a different class the regular teacher was absent one
day, when he returned one of the previously resistant boys complained about the substitute teacher they had been given,

saying: ‘It was terrible — we had this teacher who acted like he knew all the answers and we just had to find them’.

My description of the different aspects of Phoenix Park and QUASAR teachers’ practices that helped students gain
access to the ‘reform’ approaches — helping students understand the questions that were posed, teaching students to
appreciate the need for written communication and justification, and discussing ways in which to interpret
contextualized questions — were only a small part of the teachers’ repertoire of teaching beliefs and practices, but they
provide some illustration of the complex support that teachers may need to provide students when reform-oriented
approaches are used. Ball and Bass (2000 a,b) have provided a careful analysis of the mathematical understandings that
teachers need when they engage students in collaborative explorations. This has shown that teaching approaches based
upon student investigations, exploration and discussion confer additional demands upon mathematics teachers that we
are only now beginning to understand. Confrey (1990) observed a teacher who employed constructivist principles and
recorded the particular methods the teachers used to promote student thinking. Some of these methods, including asking
students to re-state problems in their own words, were used by the Phoenix Park teachers to great effect. Henningsen
and Stein (1997) also provide an extremely valuable analysis of the particular aspects of the QUASAR teachers’
practices that supported understanding. These included: using tasks that built on students’ prior understanding, giving
appropriate amounts of time, and modeling high level performance. Such detailed investigations and descriptions of the
ways teachers enact reform approaches are unusual but they may be essential to advancing our understanding of the

demands of reform-oriented teaching and the development of more appropriate learning opportunities for teachers.

Discussion and Conclusion.
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Sociologists propose that open approaches to learning do not only give access to a depth of subject understanding, they
encourage a personal and intellectual freedom that should be the right of all people in society (Willis, 1977; Ball, 1993).
Further, they suggest that opportunities for higher level thinking are inequitably distributed in schools, which serves to
maintain the structural class inequalities that exist in many societies — a process Willis describes as: ‘working class
students being prepared for working class jobs’ (1977). Anyon has provided some insight into this relationship. She
found that schools in poor and working class areas ‘discouraged personal assertiveness and intellectual inquisitiveness
in students and assigned work that most often involved substantial amounts of rote activity’ (Anyon, 1981, p203). The
mathematics teaching in the working class schools she studied was procedural, rule-bound and involved the learning of
set methods by rote. In more middle class, professional and elite schools the mathematics teaching involved choice,
analytical reasoning, discussion of different methods and an emphasis upon mathematical processes (Anyon, 1980).
Amber Hill school conformed to this trend as the mathematics teachers offered a structured, procedural approach and
they explained to me in interviews that they needed to do so because the students were from poor backgrounds and they
would not have been able to cope with open-ended work. This was not a malicious belief — the teachers simply
believed that students did not receive the support they needed at home to cope with work that was linguistically and
conceptually demanding and so they provided them with more structure to help them. The Phoenix Park teachers did
not hold these beliefs — they thought that all students could benefit from open work and that the students’ home lives

should not be a barrier to their pursuit of mathematical explorations.

Lubienski (2000) has suggested that algorithmic approaches to mathematics teaching may reduce class inequalities
because they convey clear and direct messages. This is an interesting assertion but it leaves open the question of the
content and nature of the messages conveyed by ‘algorithmic’ approaches. One of the findings of my study in England
was that the procedural approach employed at Amber Hill school did not reduce inequities. Indeed a comparison of the
students’ initial attainment at age 13 and their eventual attainment at age 16 revealed that 80% of the students attaining
above their projected potential at Amber Hill were middle class whereas 80% of the students achieving below their
projected potential were working class. At Phoenix Park the ‘over’ and ‘under’ achievers were equally distributed
among working class and middle class students (Boaler, 1997a,b). But the fact that the Phoenix Park approach was
more equitable than the Amber Hill approach should not be taken as evidence that open approaches are necessarily
more equitable, only that the Phoenix Park teachers and students worked together in ways that reduced inequalities.
Similarly, this paper should not be taken as an indication that all ‘traditional” approaches are inequitable or wrong, some
students go beyond procedural approaches to make their own connections and develop considerable understandings
(Boaler & Greeno, 2000). But whilst this is possible for some students, particularly the more mathematically oriented, it
was not the case for the majority of the Amber Hill students. It would be reasonable to argue that procedural approaches
can be different to the ones employed by the Amber Hill teachers. But such an argument supports my main point -

sources of equitable teaching lie within the particular practices in which teachers engage in classrooms.

Anyon and others suggest that teachers tend to offer working class students more structure — presenting mathematics as
a closed domain with clear rules to follow — and I have argued that such practices are misguided and inequitable. Other
researchers have noted a relationship between the level of mathematics that is taught and the degree of structure
provided. Thus, some teachers believe that students who experience more difficulty should be given more structure
(Orton & Frobisher, 1996; Confrey, 1990). This idea is easy to understand, particularly for those of us who have been

in teaching situations when a student has expressed frustration at trying to understand a concept and the provision of a
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structured procedure would have encouraged immediate ‘success’. But my observations of teaching and learning in
high and low attainment groups, and interviews with students in these groups (Boaler, Wiliam & Brown, 2000) have
demonstrated the importance of questioning the relationship between mathematical level and structure. Additionally,
the Phoenix Park teachers demonstrated that students of all levels and backgrounds could be enabled to develop a
conceptual understanding of the mathematics with which they were engaged. They did not succumb to the temptation
of spoon-feeding those students who sought such help and the rewards of their hard work were demonstrated by the
students’ achievements. This is not to suggest that teachers should never make decisions to provide students with
additional structure, only that such decisions should not correlate with mathematical level or social class. As long as we
hold conceptual understanding as a goal for students, then it is imperative that such a goal is held for a// students.
Awareness that students of low SES or achievement encounter difficulties interpreting open work, must be
accompanied by a drive to understand the students’ experiences better and provide action to make the teaching of open

ended approaches more equitable (Ball, 1995).

My limited description of the work of the Phoenix Park and QUASAR teachers is intended to serve as an illustration,
both of the particular teaching practices that need to be considered in mathematics classrooms, and the effectiveness of
teachers who work to engage all students, through their commitment to equity and the goals of open ended work.
Gutiérrez (1996, 1999, 2000 a,b) has provided more detailed and careful analyses of teachers who achieved equitable
outcomes using ‘reform’ curriculum in low-income, culturally and linguistic diverse communities. She concluded
from this work that our greatest hope for providing equitable teaching environments is to focus upon ‘teacher capacity
building’ (Gutiérrez, 2000b) investing our time and resources in the teachers who enact ‘reform’ curriculum. The
Phoenix Park mathematics department was relatively unusual. In England, schools rather than districts, choose new
teachers and the Phoenix Park department had carefully selected new teachers who wanted to teach through open ended
projects and who shared a commitment to equity. In addition, the mathematics activities at the school had been chosen
and designed by the teachers. This meant that the teachers shared a commitment to and knowledge of the activities they
used. This is different to the scenario that often plays out in American schools whereby the district chooses the
curriculum and the teachers. 'Reform oriented' curriculum are often used by teachers who have received no training to
teach them and who hold no commitment towards them. But whilst the Phoenix Park department may be unusual, the
results they achieved are an important illustration of what can be done. The role of the teacher in the provision of high
level, equitable teaching environments has been minimized in debates around curriculum (Becker & Jacob, 2000) and
minimized in some analyses (Lubienski, 2000), but it seems that the teachers’ mediation of different curriculum
approaches is central to the attainment of equity. Further, it seems that advancing awareness of the particular learning
practices that are required by reform-oriented approaches and that are currently inequitably understood, may be an
important stage in promoting equity. The different teachers whose work I have reviewed in this paper all spent time
sharing understanding of the learning practices that students needed in their work on open mathematics problems - with
the students. The equitable advances that were made demonstrate two important points. First, that understanding the
ways in which open approaches promote equity will involve consideration of the detailed practices of teaching and
learning that occur in classrooms (Chazan & Ball, 1999). Second, that such work may contribute towards helping
mathematics teachers replace the ‘pedagogies of poverty’ (Haberman, 1991, p290) that often predominate in low

income and minority communities, with pedagogies of power.
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Footnote

" Social class was determined using the Office of Population Censuses & Surveys (1980) categorization of parental
occupations. This converts occupations into categories of social class. I recorded parental occupations by asking the

students to name and describe the last jobs their parents held.
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