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Introduction

During the last five years | have been conductirigragitudinal study in the US in
which a team of graduate studérasd | have monitored approximately 700 students
through four years of three different high schodlse aim of the study was to monitor
the impact of different teaching approaches upomdesits’ understanding of
mathematics and their relationships with the dige#p(Boaler, 2002a), following up
on a study of successful and equitable teachingltbanducted in England (Boaler,
1997, 2002b). The study has produced a number efesting findings, the most
significant being the incredible success of on¢hefschools. At Railside school, an
urban school in which the population of students were diverse and of a lower
socio-economic status (SES) than the other two dshstudents achieved more,
enjoyed mathematics more and stayed with mathesngttibigher levels. In addition,
the achievement differences that were in place éstwstudents of different ethnic
groups at the beginning of high school were reduneall cases and disappeared in
some. For example, at the beginning of high scladule students were achieving at
significantly higher levels than Latino students bl achievement levels of the
Latino students steadily increased at the schoobartie end of the second year there
were no significant differences between the achierd of Latino and white students.
My aim in this paper is to focus upon the teachimgctices employed at Railside
school, and to consider the reasons why they edaliany more students to be
successful than is typically the case in urban Acaerhigh schools.
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Description of the study

The Stanford Mathematics Teaching and Learning Stsds b-year, longitudinal
study funded by the National Science Foundation. dihe of the study is to under-
stand the impact of different teaching approach@mustudent learning. The study
monitored students in three high schools with theuplonyms: Greendale, Hilltop and
Railside. These three high schools are reasonatuijasiin terms of their size, and
share the characteristic of committed and knowledemathematics teachers. They
differ significantly in terms of their location arsfudent demographics. Railside High
School, the focus of this analysis, is situatedanurban setting and has a diverse
student population with students coming from a etgriof ethnic and cultural
backgrounds. Hilltop High School is situated in arenrural setting, approximately
half of the students are Latino and half white. Gdade High School is situated in a
coastal community, with very little ethnic or cutilidiversity (almost all students are
white).
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School: Railside Hilltop Greendale
Approx school 1500 1900 1200
population
Study 38% Latino/a, 57% White, 90% White,
Demographics 23% African American,| 38% Latino/a, 5% Latino/a,
20% White, 5% other ethnicities. | 5% other ethnicities|
16% Asian or Pacific
Islanders.
3% other groups.
ELL students 25% 24% 0%
Free/reduced 31% 23% 9%
lunch
Parent education, | 23% 33% 37%
% college
graduates

Table 1: Schools and students

The three high schools were chosen because theyednab to observe and study
three different mathematics teaching approacheth Boeendale and Hilltop schools
offered students (and parents) a choice betweanaditibnal sequence of courses,
taught using conventional methods of demonstradiot practice, and an integrated
sequence of courses in which students worked oror@ pen, applied curriculum
called the Interactive Mathematics Program (Alpemdel, Fraser, & Resek, 2003), or
“IMP.” Students in IMP classes worked in groups aspgknt much more time
discussing mathematics problems than those irrdld&ibnal classes. Railside school
did not offer a choice and the approach they usasl ‘veform’ oriented. The teachers
worked collaboratively and they had designed theiauum themselves, drawing
from different ‘reform’ curricula such as the Cag Preparatory Mathematics
Curriculum (Sallee, Kysh, Kasimatis, and Hoey),"6PM” and IMP. Mathematics
was organized into the traditional sequence ofselais algebra followed by geometry,
then advanced algebra and so on - but the studemmised in groups on longer, non-
traditional problems. Classes at Railside wererbgeneous as the school had de-
tracked classes some years before. We thereforéarexh three approaches in the
study - ‘traditional’ and ‘IMP’ (as labeled by tleschools) and the Railside approach.
However, as only one or two classes of studentSrgendale and Hilltop chose the
IMP curriculum each year there were insufficienttuers of students to include in
our statistical analysis. The main comparison groofpstudents in the study were
therefore approximately 300 students who followkd traditional curriculum and
teaching approaches in Greendale and Hilltop ssharadl approximately 300 students
at Railside who were taught using reform orientediculum and teaching methods.
These two groups of studehfzrovide an interesting contrast as they were thirgh
very different ways.

4 In the remainder of this paper we combine the esitsl from Greendale and Hilltop that
followed the traditional curriculum.
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Research methods
In order to monitor and analyze the teaching pcastiin the three schools, we

observed hundreds of hours of lessons, many ofhwhligre videotaped. These lessons
were analyzed in three different ways, details biol are given in a longer version of
this paper (Boaler, 2004). These included qualiatinalyses, quantitative coding of
time spent in lessons (every 30-second periodhtd th 55 hours of first level classes
was coded, yielding 6,800 coded segments) and alaetktanalysis of the questions
teachers asked students (see Boaler & Brodie, 2004ydition to our analyses of the
teaching practices inside classrooms, we interviesteidents in every year of the
study to consider their reported experiences atetpretations of mathematics class.
Students were typically interviewed in same sexrspaand we interviewed
approximately sixty students each year, samplimgh faind low achievers from each
approach in every school taking care to interviewdents from different cultural and
ethnic groups. In addition to interviews, we alsininistered questionnaires to all the
students in the focus cohorts in years 1, 2 anfitBeostudy (when most students were
required to take mathematics). The observationgnilws and questionnaires
combined to give us information on the teaching laadning practices in the different
approaches and students’ responses to them. Iticedtth monitoring the students’
experiences of the mathematics teaching and learmie also assessed their
understanding in a range of different ways. At ltleginning and end of Year 1, the
beginning and end of Year 2 and the end of Year3administered tests that were
carefully written by the team and considered bytdaehers in each approach to make
sure they fairly assessed each approach. In additidhese tests that matched, as
closely as possible, the work students had meheéndifferent approaches, we also
designed and administered longer more applied enablthat students were given to
work on in groups. We also analyzed state testsaaltditional details of these are
given in Boaler (2004). In this paper | will repapon the students’ achievement on
the tests administered in the first two years efgtudy as well as their participation in
higher-level mathematics classes.

The different teaching approaches

Students in traditional algebra classes at the $sehools were taught using a
conventional approach — they sat individually, theachers presented new
mathematical methods through lectures and the stsideorked through short, closed
problems. Our coding of lessons showed that apprataly 21% of the time in
algebra classes was spent with teachers talkitigetstudents, usually demonstrating
methods. Approximately 15% of the time teachersstijoped students in a whole
class format. Approximately 48% of the time studemére practicing methods in their
books, working individually, and students presentextk for approximately 0.2% of
the time. The average time spent on each mathenmattdem was 2.5 minutes. Our
focused analyses of the types of questions teaetséiesd, conducted with two of the
teachers of traditional classes, showed that tis¢ wajority of their questions were
procedural (Boaler & Brodie, 2004). We classifiezhdhers’ questions into seven
categories, from 325 minutes of teaching. This shbthat 97% and 99% of the two
teachers’ questions in traditional algebra clagsiémto the procedural category.

In the teaching approach at Railside, which wél ¢onsidered in more depth
below, the teachers posed longer, conceptual prabland combined student
presentations with teacher questioning. Teacherdyrdectured and students were
taught in heterogeneous groups. Our coding of §pent in classrooms showed that
teachers lectured to classes for approximately 4%hevtime. Approximately 9% of
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the time the students worked in groups while teexbi&culated the room asking the
students questions of their work, and studentseptes work for approximately 9% of

the time. The average time spent on each mathenpatbéem was 5.7 minutes. Our

focused analysis of the types of questions teachsed, conducted with one of the
Railside teachers over 172 minutes of teachingwshothat she asked many more
varied questions than the teachers of traditiohatses. For example, 61% were
procedural, 21% conceptual, 9% probing, and 8%irf&dl other questioning categories
(Boaler & Brodie, 2004). The broad range of questishe asked, although only
derived from analysis of one teacher, was typi¢ahe different teachers at Railside
who deliberately and carefully shared their teaghapproaches, a practice which
included sharing good questions to ask studentsijlelse described below.

the time teachers questioned students in a whats dbrmat. Approximately 72% of ‘
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Achievement results

At the beginning of high school, we gave all studewho were starting algebra
classes in the three schools a test of middle $cmadhematics. Comparisons of
means indicated that the students at Railside wehdeving at significantly lower
levels than students at the two other schools istarthe traditional approach
(t = -9.141, p < 0.001, n= 658), as can be seemale 2. The relatively low
performance of the Railside students is not atygarastudents in urban, low-income
communities. At the end of year one we gave allestis a test of algebra to measure
what students had learned over the year. The testlesigned to assess only algebraic
topics that the students had encountered in conewooss the different approaches,
and we used an equal amount of question-types &acoh of the three approaches.
The test was designed in conjunction with teachrers £ach approach in each school.
Comparisons of means showed no significant diffeeenbetween the scores of
students in the two approaches — the studentaditibnal classes were still scoring at
higher levels but the differences were not sigaifitc(t= -2.04, p =0.04, n=637 — see
table 2). Thus the Railside students were able liieae at comparable levels after a
year of algebra teaching, despite starting thesmoat significantly lower achievement
levels. At the end of year 2 we gave studemtstest of algebra and geometry,
reflecting the content the students had been taonght the first two years of school.
Again the test was designed by selecting equal ewsnbf questions from each
approach, in conjunction with the teachers at thesls. By the end of year 2 Railside
students were significantly outperforming the shidein the traditional approach
(t =-8.304, p <0.001, n = 512) as can be seenhlet2. There are fewer students in
our geometry classes in Railside only because ithetdable was structured so that
students could take geometry in second, third ortfoyears whereas students in the
other schools needed to take it in year two ofthey (as will be described in the next
section). The students in geometry classes at Baildid not represent a selective
group; they were of the same range as the studatgsing year 1.

5 The test was given to all students in geometrgsela. These were not the exact same students
as those in year 1 as some students chose to takeetyy in a later year and some older
students joined the classes, who had not beerrialgebra sample. But we also performed tests
that included only those students who were in yeand year 2, so the students who took
algebra and geometry and who took the pre-testoépeéar 1 test and end of year 2 test. This
was a smaller number of students but it also shawatlthe Railside students started at lower
levels and ended at significantly higher levels.



Traditional Railside T-value
Sign.
Level
Mean Std n Mean Std. n
score | Deviation score | Deviation
Y1 22.23 8.857 311 16.00 8.615 347 -9.141
pre-test p<0.001
Y1 23.90 10.327 293 22.06 12.474 344 -2.040
Post- p=0.04
test
Y2 18.34 10.610 313 26.47 11.085 199 -8.309
Post- p<0.001
test

Table 2: Assessment results

In addition to the high achievement of the studeattRailside, the students also
enjoyed mathematics more. In questionnaires giveithé students each year the
Railside students were always significantly morsitpee. For example, in the year 3
guestionnaire students were asked to finish theerstent: ‘| enjoy math in school’
with one of four time options: ‘all of the time'most of the time’, ‘some of the time’,
or ‘none of the time’. Twenty-nine per cent of stotdein traditional classes (n=318)
chose all or some of the time, compared with fitiyr per cent of students from
Railside (n=198) which is a significant differente= 4.758; df = 286; p<0.001). In
addition, significantly more Raiside students adree strongly agreed with the
statement ‘ | like math’, with 74% of Railside samds responding positively,
compared with 54% of students in traditional clag$e= -4.414 df=220.77; p<0.001).
Other years produced similar results: 71% of Réglsitudents in year 2 classes (n
=198) for example reported enjoying ‘math classhpared with 46% of students in
traditional classes (n=318) (t = -4.934; df=444620.001).

By the end of year 4, 41% of Railside seniors vweamelled in advanced classes
of pre-calculus and calculus, compared with 30%sefiors at Hilltop and 23% of
seniors at Greenddle There were no gender differences in performanany of the
tests we gave students at any level, and young wameee well represented in higher
mathematics classes. They made up 50% of studeradvianced classes at Hilltop,
48% at Greendale and 59% at Railside. The studenRa#side school enjoyed
mathematics more than students taught more traditiq they achieved at higher
levels, and achievement differences between stad#ndifferent ethnic and cultural
groups were lower than those at the other sch@uls.detailed and varied research
methods conducted over four years gave us impairiaigthts into the reasons for the
teachers’ and students’ success, which | will adershow.

% This percentage includes all seniors at Greendatk Hilltop, whether they attended the

‘traditional’ or IMP classes. At this time we haleen unable to separate the students from IMP

but as they were few in number this would not dffee reported percentage greatly.
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Analyzing the sources of success

Part 1. The department, curriculum and timetable

Railside school has an unusual mathematics depatitnievelve of the thirteen
teachers work collaboratively, spending vast anm®uwfttime designing curriculum,
discussing teaching decisions and actions, andrginemproving their practice
through the sharing of ideas. A study conductedHbyn on the ways in which the
department collaborate, found that the teacherstspeund 650 minutes a week
planning, individually and collectively (their paidork week provides 450 minutes of
preparation time) (Horn, 2002). Unusually for thaitdd States, the mathematics
department strongly influences the recruitment himohg of teachers, enabling the
department to maintain a core of teachers withezhg@hilosophies and goals. The
teachers share a strong commitment to the advamterhequity. The department has
spent many years working out a coherent curricudunch teaching approach, and they
strive to ensure that good teaching practices haged. One way in which this is
achieved is through a practice that the departroalté “following.” The co-chairs
structure teaching schedules so that new teacherstay a day or two behind a more
experienced teacher, allowing the new teacherbderge lessons and activities during
their daily preparation period before they try tapt it for their classrooms (Horn,
2002, 2005). In addition teachers share teachiragtioes and moves in weekly
meetings in order that students experience a densigpproach.

The mathematics department has focused in pantieydan the introductory
algebra curriculum that all students take when theyt the school. The algebra
course is designed around key concepts with questfoom various published
curriculum such as CPM, IMP and a textbook of ati¢is that use algebra Lab Gear
(Picciotto & Wah, 1994). A theme of the algebra anthsequent courses is multiple
representations, and students are frequently askezpresent their ideas in different
ways, using words, graphs, tables and symbols.dtiitian, connections between
algebra and geometry are emphasized even thoudtvéhareas are taught in separate
courses. Railside follows a practice of ‘block stiieng’ and lessons are 90 minutes
long, with courses taking place over half a schaadr, rather than a full academic
year. In addition, the introductory algebra curlicn that is generally taught in one
course in US high schools, is taught in the egeiviabf two courses at Railside. The
teachers have spread the introductory content avenger period of time partly to
ensure that the foundational mathematical ideadaarght carefully with depth and
partly to ensure that particular norms — both daui@ socio-mathematical (Yackel &
Cobb, 1996) — are carefully established. The faat mathematics courses are only
half a year long at Railside may appear unimportaritin fact this organizational
decision has a profound impact upon the studemgbdunities to take higher-level
mathematics courses. In most North American hidtosls, mathematics classes are
one year long and they begin with algebra. This mehat students cannot take
calculus unless they are advanced, as the typemlence of courses is algebra,
geometry, advanced algebra then pre-calculus.sthident fails a course at any time
s(he) is knocked out of that sequence and haddker¢he course, further limiting the
level of content they will reach. At Railside theidents could take two mathematics
classes each year. This meant that students coilildidases, start at lower levels,
and/or choose not to take mathematics in a paatidgrm and still reach calculus.
This relatively simple scheduling decision is pdrthe reason that significantly more
students at Railside took advanced levels clagssshaol than students in the other
two schools.
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the heterogeneous nature of Railside classes. \&hareoming students in Greendale
and Hilltop could enter geometry or could be plaited remedial class, such as ‘math

A’ or ‘business math’, all students at Railsideezatl algebra classes. The department '
is deeply committed to the practice of mixed apiléaching and to giving all students
equal opportunities for advancement.

Recent years have pointed to the importance af@dand district contexts in the
support of teaching reforms. Such support is untilp important but Railside is not
a case of a district or school that initiated omdated reforms. The reforms put in
place by the mathematics department were in lite wther school reforms but they
were driven by the passion and commitment of thehemaatics teachers in the
department. The school, in many ways, provided aagieing context for the reforms,
not least because they had been managed by fiferatif principals in the six years
we were there, and they had been labeled an 'pedé@rming' school by the state
because of low state test scores. Neither of tifi@sters are atypical in less well
resourced school districts in the US. The departdoarght to maintain their practices
at various times and worked hard to garner the aipgd the district and school, and
while the teachers felt well supported at the eficour study Railside does not
represent a case of a reforming district encoutpgirdepartment to engage in new
practices. Rather, Railside is a case of an unusmmhmitted and hard working
department that continues to grow in strength thhoits teacher collaborations and
work.

Another important difference between the classeakénthree schools we studied was ‘
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Part Il. Groupwork and ‘Complex Instruction’

Some mathematics departments in the US employ gnarf with limited success,
particularly because groups do not always functiail, with some students doing
more of the work than others, and some studentggb&icluded or choosing to opt
out. At Railside the teachers employed additiortedtsgies to make group work
successful. They adopted an approach called ‘comiplruction’ designed, by Liz
Cohen and Rachel Lotan in the US (Cohen, 1994; C&hestan, 1997) for use in all
subject areas. The system is designed to counti&l smcl academic status differences
in classrooms, starting from the premise that stdtfierences do not emerge because
of particular students but because of gromjgeractions The approach includes a
number of recommended practices that the schoologsypas | shall now describe:

1. Roles

When students are placed into groups they aregitem a particular role to play, such
as ‘facilitator’, ‘team captain’, 'recorder/reporteor ‘resource manager’ (Cohen &
Lotan, 1997). The premise behind this approach is dhastudents have important
work to do in groups, without which the group canfienction. At Railside the
teachers emphasize the different roles at freqinertvals, stopping, for example, at
the start of class to remind ‘facilitators’ to hgdpople check answers or show their
work or to ask the group: ‘what did you get for rhen1?’. Students change roles at
the end of each unit of work. The teachers reinfdheestatus of the different roles
and the important part they play in the mathemhbtigark that is being undertaken.
Although | will not write more about the roles ihig paper, they contribute to the
complex interconnected system that operates in ekdsroom; a system in which
everyone has something important to do and allesttsdlearn to rely upon each other.
Readers may consult the literature on complex usftn (or visit
www.complexinstruction.org,) for more information the roles.



2. Multidimensional classrooms

In many mathematics classrooms there is one pestttat is valued above all others —
that of executing procedures (correctly and quickiye narrowness by which success
is judged means that some students rise to theftolasses, gaining good grades and
teacher praise, whilst others sink to the bottoth wiost students knowing where they
are in the hierarchy created. Such classrooms @irdimensional — the dimensions
along which success is presented are singular. Wraletenet of the complex
instruction approach is what the authors refersténaultiple ability treatment’. This
‘treatment’ is based upon the idea that expectatioihsuccess and failure can be
modified by the provision of a more open set okteesxjuirements that value many
different ‘abilities’. Teachers should explain tadénts that ‘no one student will be
“good on all these abilities” and that each studeitit be “good on at least one™.
(Cohen & Lotan, 1977, p 78).

At Railside the teachers create multidimensionalsses by valuing many
dimensions of mathematical work. This is achievad part — by having more open
problems that students can solve in different wallse teachers value different
methods and solution paths and this enables modests to contribute ideas and feel
valued. But multiple solution paths are not theyordntributions that are valued by
teachers. When we interviewed the students anddasieen ‘what does it take to be
successful in mathematics class?’ they offered na#fifigrent practices such as: asking
good questions, rephrasing problems, explaining, weing logical, justifying work,
considering answers, and using manipulatives. Wienasked students in ‘traditional’
classes what they needed to do in order to be ssitdethey talked in much more
narrow ways, usually saying that they needed teeoimate, and pay careful attention.

The multidimensional nature of the classes at Rlailsvas an extremely
important part of the increased success of stud@uissimply,when there are many
ways to be successful, many more students are ssfot&tudents are aware of the
different practices that are valued and they feelsessful because they are able to
excel at some of them. Teachers at other schoolsnmiagncourage practices outside
of procedure execution because they are not neiedstate tests, but the fact that
teachers at Railside valued a range of practicdsvare students could be successful
in class made students feel more confident andtip@sabout mathematics. This
probably enhanced their success on tests even tasés assessed a more narrow
range of mathematical work.

The following comments given by students in intews give a clear indication
of the multidimensionality of classes -

Regular Lecture

Back in middle school the only thing you worked @s wour math
skills. But here you work socially and you also toylearn to help
people and get help. Like you improve on your $aakidls, math skills
and logic skills(Janet, Y1).

With math you have to interact with everybody aslé to them and
answer their questions. You cant be just like tadre’s the book, look at
the numbers and figure it out”

Int: Why is that different for math?

It's not just one way to do it (...) It's more integpive. It's not just one
answer. There’s more than one way to get it. And tkie like: “why
does it work"?(Jasmine, Y1).



practices. The following student describes anoth&red dimension:

These students recognize that helping, interpretimdyjustifying are critically valued ‘

A math person is a person who knows like, how tthdavork and then '
explain it. Like explaining everything to everymseethey could get it. )
Or they could explain it the hard way, the easy wajust, like average

—so we could all get it. That’s like a math pers$anink (Jorge, Y1)
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Jorge shows that he appreciates something sogaltéstie- that explanations can vary
and that a “math person” can explain in differendys: Given the frequent
explanations these students give and hear, it reaynisurprising — but nevertheless
important — that he appreciates the distinguiskjunglities of different explanations.

One of the practices that | have come to regatekasy particularly important in
the promotion of equity is justification. At Rails students are required to justify
their answers at almost all times. There are mamy geasons for this — justification
is an intrinsically mathematical practice (RAND,020Q Martino & Maher, 1999), but
this practice also serves an interesting and peaticole in the promotion of equity.
Many teachers struggle to deal with the wide raofjystudents who attend classes,
particularly in introductory classes such as higho®l algebra, which include students
who are motivated with a wealth of prior knowledag well as those who are less
motivated and /or lack basic mathematical knowledgachers want to help all of the
students but the gap between the knowledge of lattaming and higher attaining
students can be very difficult to address. At Rddschool classes have as wide a gap
as any | have seen but the teachers embrace thesitivthey encounter and one
practice that helps them support the learning ofstaldents is justification. The
following two students give some indication of thae of justification in helping
different students:

Regular Lecture

Int: What happens when someone says an answer?

A: We'll ask how they got it

L: Yeah because we do that a lot in class. (...) Sdntleecstudents —
it'll be the students that dont do their work, tlthbe the ones, they’ll
be the ones to ask step by step. But a lot of peemldd probably ask
how to approach it. And then if they did somethilsg ¢hey would show
how they did it. And then you just have a littlesg@d (Ana and
Latisha, Y3).

It is noteworthy that these two students do ndt adlout students who are slow, dumb
or stupid, as other students in our study do; takyonly about students ‘that don’t do
their work’, a point to which | shall return latierthe paper.

The following boy was achieving at lower levelsrthather students and it is
interesting to hear him talk about the ways he wagported by the practices of
explanation and justification:

Most of them, they just like know what to do arehghing. First you're
like “why you put this?” and then like if | do myovk and compare it to
theirs. Theirs is like super different ‘cos theypwnlike what to do. | will
be like — let me copy, | will be like “why you dhis? And then I'd be
like: “I dont get it why you got that.” And thenkié, sometimes the
answer’s just like, they be like “yeah, he's rightd you're wrong” But
like — why?”(Juan, Y2).



Juan also differentiates between high and low aednge without referring to such

adjectives as ‘smart’ or ‘fast’, instead sayingttb@me students ‘know what to do’. He
also makes it very clear that he is helped by taetwe of justification and that he

feels comfortable pushing other students to go beymswers and explain ‘why’ their
answers are given. At Railside the teachers hanefudly prioritized the message that
each student has two important responsibilitie®th o help someone who asks for
help, but also to ask if they need help. Both ameadrtant in the pursuit of equity, and
justification has emerged as a helpful practiceghia learning of a wide range of
students, particularly because the act of justifica makes mathematical methods
more transparent and learnable for different sttsden

Regular Lecture

3. Assigning competence

An interesting and subtle approach that is recondeénwithin the complex
instruction literature is that of ‘assigning comgrate’. This is a practice that involves
teachers raising the status of students that mayf bdower status in a group, by, for
example, praising something they have said or dbathas intellectual value, and
bringing it to the group’s attention; asking a &ndto present an idea; or publicly
praising a student’s work in a whole class settifigs practice was one that | could
not fully imagine until 1 saw it enacted. My firatvareness of it came about when a
quiet Eastern European boy muttered something im@pghat was dominated by two
happy and excited Latina girls. The teacher who wsising the table immediately
picked up on it saying ‘Good lvan, that is impottahater when the girls offered a
response to one of the teacher’s questions he ‘&fidthat is like lvan’s idea, you're
building on that'. He raised the status of Ivantniribution, which would almost
certainly have been lost without such an intenamtlvan visibly straightened up and
leaned forward as the teacher reminded the girlshisf idea. Cohen (1994)
recommends that if student feedback is to addregassissues, it must be public,
intellectual, specific and relevant to the grougktgp 132). The public dimension is
important as other students learn about the broacbréions that are valued; the
intellectual dimension ensures that the feedbadkniaspect of mathematical work,
and the specific dimension means that students kexactly what the teacher is
praising.

The practice of ‘assigning competence’ is subtld eeguires highly sensitive
teachers. It is a practice that many good teadtmeggoy, to a greater or lesser extent,
without necessarily being aware of it or havingaae for it” This practice is also an
important part of the teachers’ commitment to ggaitd to the principle of showing
what different students can do in a multifacetedh@imatical context.

4. Teaching students to be responsible for each’stlearning

A major part of the equitable results attained aildtle is the serious way in which
teachers expect students to be responsible for ethar’'s learning. Many schools
employ group work which, by its nature, brings witthan element of responsibility,
but Railside teachers go well beyond this to enthaestudents take the responsibility
very seriously. One way in which teachers nurturéeging of responsibility is
through the assessment system. Teachers grade tkeofv@ group by, for example,
rating the quality of the conversations groups halMee teachers also occasionally
give group tests, which take several formats. la varsion students work through a
test together, but the teachers grade only onbeofridividual papers and that grade

7| thank Deborah Ball for pointing this out to me.
10



responsibility is encouraged is through a praabitasking one student in a group to
answer a follow up question after a group has wibre something. If the student
cannot answer the question the teacher will lebeegtoup to have more discussions
and return to ask the same student again. In teevening time it is the group’s )
responsibility to help the student learn the matitisn they need to answer the
question. (As part of my presentation at ICME | shdwa video in which this practice
takes place, described in Boaler, 2004). The teatlose of asking one member of a
group to give an answer and an explanation, withelg from their group-mates, is a
subtle practice that has major implications for ttlassroom environment. This
practice means that students are responsible toya@we in their group. In the
following interview extract the students talk abdhis particular practice and the
implications it holds:

stands as the grade for all the students in thaipgréd\ third way in which ‘
|
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Regular Lecture

Int; Is learning math an individual or a social thing?

G: It's like both, because if you get it, then yowddo explain it to

everyone else. And then sometimes you just migktdgwup problem

and we all have to get it. So | guess both.

B: | think both - because individually you have towrthe stuff yourself
so that you can help others in your group work atuff like that. You

have to know it so you can explain it to them. Bseawou never know
which one of the four people she’s going to picld Anlepends on that
one person that she picks to get the right ansi@sella and Bianca).

The students in the extract above make the exfilititbetween teachers asking any
group member to answer a question, and being reggerfor their group members.
They also communicate an interesting social ori@rtathat becomes instantiated
through the mathematics approach, saying thatdhgoge in knowing individually is
not to be better than others but so “you can hégrs in your group”. The four
practices | have described so far — those of tagimmgip roles, multidimensionality,
assigning competence and encouraging responsilaitigy all part of the complex
instruction approach. | will now review three othmactices in which the teachers
engage that are also critical to the promotionapfity. These relate to the challenge
and expectations provided by the teachers.

Part 3. Challenge and expectations

1. High cognitive demand

The teachers at Railside provide a huge amount ppati to students, making
themselves available to students after school anithé evenings. In interviews the
students talk at length about the support of thehers. But the teachers also expect a
lot from the students and give them complex, mattmally challenging work.
Importantly the support that teachers give to stigleloes not serve to reduce the
cognitive demand of the work (Stein, Smith, Henserg & Silver, 2000). The
cognitive demand that is expected of all studentigher than at other schools partly
because the classes are heterogeneous and notstademrecluded from meeting
high level content, but teachers also enact alleigdl of challenge in their interactions
with groups and their questioning.

A very important feature of the curriculum thaadhers use, that would not be
seen in the curriculum materials, is the act ofiragkfollow up questions. The
curriculum example analyzed in the longer versidnthias paper (Boaler, 2004)
involves students finding a perimeter of a com@eape made up of algebra tiles. The
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perimeter is 10x +10 and the teacher asks thewallp question: ‘where is the 107?".
This is complex because the 10 does not exist iarticplar place in the diagram and
its detection involves an understanding of algebvariables. The students are aware
that the teachers keep levels of mathematical vaak and they appreciate it. When
we interviewed students and asked them what itstédkde a good teacher, many of
them mentioned the high demand placed upon thenextmmple:

She has a different way of doing things. | donwnlike she won’t even
really tell you how to do it. She’ll be like, ‘thirof it this way’. There’s a lot
of times when she’s just like — ‘well think abdut-iand then she’ll walk off
and that kills me. That really kills me. But it'satol mean it's like, it's
alright, you know. [I'll solve it myself. I'll gedome help from somebody
else. It's cool(Ana and Latisha, Y3).

Regular Lecture

The following students, in talking about the suppedchers provide, also refer to
their push for understanding:

Int: What makes a good teacher?

Patience. Because sometimes teachers they just Zgbirthrough things.
And other times they take the time to actually nsake you understand fit,
and make sure that you actually pay attention. Bseathere’'s some
teachers out there who say: ‘you understand thés®l you'll be like “yes”
But you really don’t mean yes you mean no. And thieg’like “OK” And
they move on. And there’s some teachers that be-ltkey know that you
don’t understand it. And they know that you're jsaying yes so that you
can move on. And so they actually take the timéoogbd over it again and
make sure that you actually got it, that you adiuaihderstand this time.
(John, Y2)

The students’ appreciation of the teachers’ demaad also demonstrated in our
guestionnaires. One of the questions started waghstem: ‘When | get stuck on a
math problem, it is most helpful when my teacher This was followed by answers
such as ‘tells me the answer’ ‘leads me throughptteblem step by step’ and ‘helps
me without giving away the answer’. Students caekbond to each on a four-point
scale (SA, A, D, SD). Almost half of the Railsidedents (47%3¥tronglyagreed with
the response: “Helps maithout giving away the answer,” compared with 27% of
students in the ‘traditional’ classes at the otlar schools (n= 450, t = -4.257 ; df =
221.418; p<0.001).

2. Effort over ability

In addition to the actions in which teachers engadmllenging through difficult
questions that maintain a high cognitive demane,téachers also give frequent and
strong messages to students about the nature bfdubievement in mathematics,
continually emphasizing that it is a product ofcharork and not of innate ability. |
have already described the multidimensionality tfssrooms and the fact that
teachers take every opportunity to value sometkingents can do, but they also keep
reassuring students that they can achieve anytifiitigey put in the effort. This
message is heard by students and they communicate us in interviews, with
absolute sincerity, for example:
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and keep on trying — because math is all aboubhtyyit’s kind of a hard
subject because it involves many things. (...) bubrg as you keep on
trying and dont give up then you know that you darit. (Sara, Y1).

To be successful in math you really have to jlst, [put your mind to it ‘
|
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In the year 3 questionnaires we offered the staténi&nyone can be really good at
math if they try”, 84% of Railside students agredth this, compared with 52% of
students in the traditional classes (n= 473, 8272 ; df = 451; p<0.001). But the
students do not only come to believe that they lmarsuccessful, they develop an
important practice that supports them in that — alee of persistence. It could be
argued that persistence is one of the most impoptattices to learn in school — one
that is strongly tied to success in school as aglin work and life. We have many
indications in our data that the Railside studedéveloped considerably more
persistence than the other students. For examplpad of our assessment data we
give students long, difficult problems to work aor 90 minutes in class, which we
videotaped. The Railside students were more suedessfthese problems, partly
because they would not give up on them and thetiraged to try to find methods and
approaches even when they had exhausted many.

When we asked in questionnaires: ‘How long (in utés) will you typically
work on one math problem before giving up and dagid/ou can't do it?” The
Railside students gave responses that averagednifiutes, compared to the 9.9
minutes averaged by students in traditional clagse438, t = -5.641; df = 142.110;
p< 0.001). This response is not unexpected giverthieaRailside students worked on
longer problems in class but it also gives somécatobn of the persistence students
are learning through the longer problems they egpee.

In the following interview extract the student K@ this persistence to the
guestion asking and justification highlighted esarli

Regular Lecture

A: Because | know if someone does something and | gieinit I'll ask

questions. I'm not just going to keep going and kadw how to do
something.

L: And then if somebody challenges what | do therasK back and I'll
try to solve it. And then I'll ask them: “Well howydu do it?” (Ana and
Latisha, Y3).

3. Clear expectations and learning practices

The final aspect of the teachers’ practice that Il highlight also relates to the

expectations they offer the students. In additmsttessing the importance of effort
the teachers are very clear about the particulgswaworking in which students need
to engage. Cohen & Ball (2001) describe ways ofkingy that are needed for learning
as ‘learning practices’. The teachers are very @dbeaut helpful learning practices and
they frequently stop the students as they are wgrkd point out valuable ways in

which they are working (an example is given in libveger version of this paper). The
teachers also spend time before projects begimgettit the valued ways of working,

encouraging students to, for example, pick ‘trickeamples when writing a book
(that is one of the projects they complete) as thilly'show off” the mathematics that

they know. The teachers communicate very clearlystiedents which learning

practices will help them achieve. This was also wfi¢ghe teachers in the school in
England that | studied (Boaler, 1997, 2002) whidodrought about more equitable
outcomes.
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Relational equity
Many researchers are concerned to understand amdofg equitable schooling
practices. In studying equity most researchers lfmkreductions in achievement
differences for students of different ethnic antfural groups and genders, as well as
equitable treatment in schools. Post (2004) retierhese two versions of equity as
equal outcomes and equal access. The version dfehati | would like to consider in
addition to these two important aspects of eqstgloser to Elizabeth Anderson’s
conception (1999) that she refers to as ‘democeafidty’. Anderson is a philosopher
whose concern is not with test scores or other areasof educational achievement
but with an individual's standing in society. ‘Deanatic equity is identified by an
individual “standing as an equal over the coursaroentire life” (Anderson p 319)’
(from Post, 2004, p 11). This conception shares saspects of the version of equity |
would like to propose. In observing Railside classeer many years | have come to
appreciate what | will term aselational equity This conception of equity also goes
further than students’ test results in schools @rsiders the ways students are acting
in school and the ways they learn to regard andteeto one another. Unlike
Anderson’s conception of equity, relational equstgabout students’ relationships with
other students and with subjects and with the seigtion of the two, as | shall outline
below. In proposing this conception of equity | asking the question — what would it
mean to teach students to act in equitable waydassrooms? This question was
raised, for me, through observations of the Ralsidssrooms and the behavior of the
teachers and students. Indeed it would be hargeadsyears in the classrooms at
Railside without noticing that the students werarhéng to treat each other in more
respectful ways than is typically seen in schoald ¢hat ethnic cliques were less
evident in the mathematics classrooms than theyiramost schools. Further, such
behavior did not jushappento take place in a mathematics classroom, it was
fundamentally related to the students’ conceptiminand work within mathematics. |
propose the termelational equity because it is about students’ relationshigls each
other developed through mathematical work as veefitadents’ relationships with the
subject of mathematics. Such relationships led eoenequitable achievement results
at the school as well, | contend, to more equitatdgs of working that students
would take into their lives.

Richard Schweder, a cultural anthropologist arltlcal psychologist talks about
the importance of considering different perspectiom issues in the working of a
democratic society:

Regular Lecture

‘It is often advantageous to have more than oneodise for interpreting a
situation or solving a problem. Not only alternasolutions but

multidimensional ones addressing “several ordereeality” or “orders of

experience” may be more practical for solving cawphuman problems.’
(Schweder, 2003, p100)

The Railside students learn through their mathematork that alternate and multi-
dimensional solutions are important which leadsrhe value the contributions of the
people offering such ideas. This is particularly amipnt at Railside as the classrooms
are multicultural and multilingual. It is commonbelieved that students will learn
respect for different people and cultures if thaydndiscussions about such issues or
read diverse forms of literature in English or Sbstadies classes. | propose that all
subjects have something to contribute in the pramotof equity and that
mathematics, often regarded as the most abstrbjgtctuemoved from responsibilities
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of cultural or social awareness, has an importamtribution to make. For the
equitable relationships that Railside students ldgeel and that | have discussed more
fully in Boaler (2004) are only made possible bganception of mathematics that
values the contribution of different insights, nadh and perspectives in the collective '
solving of a particular problem with a particulariigion. The relational version of )
mathematics that these students learn in which tbeme to value different
contributions to a problem and different relatiagpshbetween mathematical methods
enables the respectful working relationships | hsgtout. It seems to me that it is
important to consider whether students are leartorigspect students from different
ethnic and cultural groups and genders in our dehtoday, yet such concerns are not
captured in notions of equity that are measuretebiyscores. Relational equity builds
from the relations within subjects. As studentsriedo appreciate and make
connections between different mathematical methanid ideas and to value the
contributions of different perspectives on problemgisen by students who think in
quite different ways, they will also learn somethiextremely valuable about people,
relations and ideas.

Regular Lecture

Conclusion

Railside is not a perfect place - the teachers avdike to achieve more in terms of

student achievement and the elimination of inegsitiand they rarely feel satisfied

with the achievements they have made to date, e@ vast amounts of time they

spend planning and working. But research on urlzdmods and the experiences of
mathematics students in particular tells us tha&t dchievements at Railside are
extremely unusual. In this paper | have attemptezbtivey the work of the teachers in
bringing about the reduction in inequalities aslvasl general high achievement that
they achieve. In doing so | hope also to have gaesense of the complexity of the

relational and equitable system that they havdanep People who have heard about
the achievements of Railside have asked for theiiaulum so that they may use it,

but whilst the curriculum plays a part in what chived at the school it is only one

part of a complex, interconnected system. At trethef this system is the work of the

teachers, and the many different equitable praciitavhich they engage.
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