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ABSTRACT

In the United States, African Americans, Latinos, and Native Americans have lower success rates and
higher drop-out rates in mathematics than other racial or ethnic groups. Given that quantitative competency
serves increasingly as a vehicle for economic enfranchisement, these differential success rates make
mathematics achievement a civil rights issue. Failure and dropouts start early. Moreover, “agebra’ is
becoming a major stumbling block: many states require students to pass algebra tests in order to graduate
high school. This social/mathematical problem isbecoming increasingly urgent.

This paper describes the American context and suggests its relevance world-wide. It then explores the
following issue. Suppose one wants to do classroombased research on Algebra for All: one will observe
what takes place in middle school mathematics classrooms where there are diverse populations of students.
What kinds of data should one gather in order to determine which practices support the learning of
mathematics by diverse groups of students and how they work? What theoretical frame will provide the
best purchase on these issues?

Issues addressed include: whether mathematics is “culture-free” and what the implications for
instruction might be, even if it is; the institutional support necessary for high quality instruction; the
differential treatment of student groups; pedagogical practices that enfranchise awide range of students; the
roles of language and discourse in learning and classroom communities; individual agency; and what it
means to engage meaningfully with mathematics. The challenge is to conduct classroom research that
helps to explain, a alevel of mechanism, how classroom interactions can be structured to help students
who vary widely in terms of cultural backgrounds and prior mathematical success to all learn some very
solid mathematics.



First.
Y ou have to under stand the problem.
— George Polya, How to Solve It

I ntroduction

This paper differs from those | am accustomed to writing in one fundamenta way. Typicaly,
researchers spend a fair amount of time working on a problem. Then, after significant progress
has been made, they write up the results. The purpose of writing such a paper is to share
understandings with others. | will do some of that here. But my god is aso to problemdatize a
research arena — to grapple with the question of how one can productively study classroom
attempts to help middle school dudents with widdy divergent culturd and socio-economic
backgrounds learn the mathematics that leads to and includes the study of agebra

Here is why the topic matters. Issues of “agebrafor al” are absolutely centra in the current
America context. In the United States, poor children and under-represented minorities (African
Americans, Native Americans, and Latinos) tend to earn lower grades and to stop taking
mathematics courses much earlier than others; access to and treatment in mathematics classes
dso differs by gender. Broadly spesking, a lack of mathematical competence and credentids
conditutes a barrier to full paticipation in the economic mangream. Hence differentid
participation and success rates in mathematics become an issue of socid justice. Moreover, the
stakes are about to be raised. Cdifornia and other states have ingtituted standardized examinations
as a prerequisite for high school graduation. The mathematica content focus of the examinations
is on agebra Students who do not succeed at learning agebra will be denied a high school
diploma— and thus serioudy margindized.

A team of researchers from three universities (The University of Wisconsin at Madison, the
Univerdty of Cdifornia a Berkdey, and the Universty of Cdifornia a Los Angdes) has
received funding from the U. S. Nationa Science Foundation to address these issues. Our project,
“Diversty in Mathematics Education” (DIME), covers a lot of territory. Project gods include
preparing a new generation of researchers to work on issues of diversty and mathematics
education, working in partnership with local school districts to create enhanced models of teacher
preparation and professona development, and creating a set of resources that can be used by
teachers and school digtricts to address these issues. Central to such resources is developing a
deep sense of what happens in classrooms as students grapple with the ideas of algebra.

There is always uncertainty in research; that is the nature of the process. As an established
researcher, | have of course developed my own modus oper andi and asubstantia level of comfort
for deding with uncertainty. Typicaly | approach a problem with some sense of what is likely to
be important, in both theoreticd and pragmatic terms. | identify phenomena of interest, gather
relevant data (which might include videotapes and various artifacts), labor over the data until they
begin to make sense, draw some tentative conclusions, and look for more data or perspectives that
will yield triangulation. The results of that work may be some or dl of the following: theory
refinement, methods development, or a deeper understanding of a particular problem. (For me,



problems tend to be of the type “how does something work”; answers are usudly a a detailed
level, describing the way things fit together.) | am accustomed to starting with rough ideas of
problem, theory, and method — with some notions of what things are important and what will help
me make sense of them — and then living with the phenomena until a reasonably clear picture
emerges. Indeed, much of the pleasure of being aresearcher isin figuring out how to turn one's
intuitions into new methods, perspectives, and findings. When my intuitions fed solid, they often
pay off —not necessarily in the ways | expect, but often in ways that are close.

As | begin this project, | do not feel comfortably equipped to address classroom issues at the
heart of DIME's “diversity and algebra’” agenda. Despite having spent many years of thinking
about issues of mathematica thinking, teaching and learning; despite having spent one morning
every week in loca public school mathematics classrooms for the past decade; and despite having
read widely and thought hard about issues of “mathematics for dl,” | am not at al confident that |
have an appropriate framing of the issues or that the methods | know are gppropriate for grappling
with them.” This paper represents an attempt to think through some of those issues — to lay out
some of what is known and seems to be relevant, and to see if | can eaborate some of the
conceptua and methodological problems that need to be confronted.

The paper proceeds as follows. In the next section | start with a bit of international context, to
show the relevance of the issues discussed here to non-American readers. Then | focus on the
American context, providing a bit of higoricad background — how high school mathematics
moved from a subject to be studied only by the dite to a subject to be studied by dl. | proceed to
discuss plausble goals for mathematics ingtruction, and the reason that learning a solid core of
mathemdtics is an important and plausble god for dl students. This is followed by a brief
discussion of demographic data. These data on the mathematica performance of diverse groups
indicate clearly that in the United States, mathematics education is an issue of socid justice.

Having established context for DIME's agenda, | move on to review some of what is known
about making mathematics accessible to a wide range of students. That section of the paper is
where | try to untangle the issue of classroom research on agebra for al. As | work through
various dimensions of what is known, | point to issues that dill strike me as problematic.

Before moving to my announced agenda in the next section, | want to conclude this
introductory section by posing and reflecting on some questions about the nature of mathematics
and mathematics ingruction. These questions have provoked me, through the years, to think
about issues of diversty and mathematics. | begin with a question that haunted me for a long
time as a mathematician, then move to ones concerned with pedagogy and research.

e |sn't mathematics “ culture-free” or “ culture-independent?’

At international mathematics conferences, for example, it's astounding how people who have
never met each other and may share only a few words in a common language can communicate

1 1n what follows | shall say afair amount about diversity and rather little about algebra. That is because
issues concerning algebra are somewhat more straightforward, and do not cry for elaboration here: see, e.g.,
NCTM’s (2000) Principles and Standards and the U.C. ACCORD Mathematics working group’s (2000)
report Pathways to algebra for all of California’schildren.

2 This sense of discomfort is, of course, intimately tied up with my sense of what counts as understanding
or explanation. My goal as aresearcher is to understand how and why things work, so I'm not satisfied
personaly until | have a sense of how thingsfit together.



meaningfully about deep mathemetica ideas. While it may or may not be the case that “aroseisa
rose is arose” there is no doubt that from the typica mathematician’s point of view aBanach
space is a Banach space is a Banach space: once the definition is made the properties are
established, and anyone who plays by the rules can determine those properties. At a more
eementary level, a square is a square is a square: once one says that a quadrilaterd in the
Euclidean plane is a square, then (for example) its diagonds must be perpendicular and must
bisect each other. The point from the mathematician’s perspective is that the properties follow
from the definition, no matter who does the proving. At an even more elementary levd, it doesn't
matter who counts a finite set of objects, or what culture that person comes from- the answer will
aways be the same.
An affirmative answer to the first question leads to a corollary question:

* If mahematics is culturefree, then how does it make sense to spesk of “teaching
mathematics to students of different cultures’? That is, if mathematics is culture-free, shouldn’t
mathematical pedagogy be culture-free?

How one answers this question depends, of course, on how one conceptualizes teaching and
learning.

One view, which predominated when | began to teach mathematics and is ill, | suspect,
rather common at the university and perhaps secondary levels, is that the responsbility of the
mathematics teacher is to present lucid explanations of the mathematica ideas a hand. In this
view, the truly competent teacher is the one who has three of four (maybe more) different ways of
explaining a topic or concept, so that students who don't “get” the first may find the second more
accessible, or perhapsthe third, or fourth.

It is important to recognize possible concomitants of this view. When the teacher has
presented mathematicaly clear explanations at the right level, he or she has met his or her
pedagogica obligations. Thus this approach creates a clear divison of responshilities. The
faculty’ s job is to make the material accessible to students; the students' job is to learn that which
has been clearly presented. In consequence, this perspective dlows the faculty to abdicate
respongbility for some student learning: if the presentation has been clear, then it's the sudent’s
fault if he or she didn’t learn the materidl. It also supports “ deficit” models of ingtruction, with the
assumption that students from particular backgrounds have particular deficits.  (Students for
whom English was a second language might, for example, be taken out of mathematics classes
until their English was deemed adequate for full participation in the mathematics classes. The net
result was that those students got further behind in mathematics.)

When it is presented in such stark terms, the “lucid explanation” perspective described in the
previous paragraphs might well be rgjected by afair percentage of today’s teachers. It harks back
to the “old days,” when teachers lectured and students took notes. In the United States today’s
mathematics classes are much more interactive; sudents engage in awide range of mathematical
activities: A more contemporary view might be that the responsbility of the mathematics teacher
is to provide students with a range of activities (possibly including lecture, individud or small
group work, whole class activities, the use of manipulative materids, and more) that alow
students to engagewith the mathematica ideas at hand, and to learn as aresult.



This does indeed sound contemporary. The point to recognize, however, is that everything that
| said about the “lucid explanations’ perspective applies to this more contemporary view as well.
Here the master teacher might be viewed as the teacher with a large bag of tricks, including a
large range of activities that support multiple approaches to the mathematics. This certainly
covers more territory than the first perspective. But, like the other, it creates a clear division of
responsibilities. The teacher now has a larger set of responsbilities — the pedagogicd tool kit is
expected to be much larger. But here too, faculty are given awarrant for abdicating responsibility
for some student learning: if classroom activities have been field tested and are thought to be of
high qudlity, then it'sthe sudents' fault if they don’t learn the materidl.

A third view is that effective teaching (defined as “things the teacher does that lead to
successful learning”) is teaching that helps students to negotiate the terrain between what they
bring to the learning environment and what one wants them to learn. Of necessity, this kind of
teaching cdls for understanding and building upon what the students bring — predispostions and
understandings, habits of mind, patterns of engagement, patterns of communication (including
norms of socid interaction and linguigtic patterns), and more. It should be obvious that many of
these are shaped by the student’s experiences outsde classroom boundaries — that is, they are
shaped culturdly. From this perspective, then, effective teaching must be responsive to what the
students bring with them to the classsoom — in Ladson-Billing's (1994) words, pedagogy must be
“culturaly responsive.”

If one accepts the notion that one has to “meet students where they are,” the next set of
guestions to address concerns how to understand what the students bring to the classroom, and
how to foster productive interactions between students and mathematics. As will be elaborated
below, there is reason for optimism about what can be achieved. Indeed, there are some
suggestions of the kinds of conditions that might, in concert, sustain positive change. These will
be reviewed, dbeit briefly. But even given these, | find mysdf confronted with a series of
questions about the kind of research | would like to produce.

The question | would like to addressisthis.

*  Suppose one wants to do classroom-based research — that is, one’ swork will be grounded
in observations of what takes place in middle school mathematics classrooms in which there are
diverse populations of students. What kinds of data should one gather in order to determine which
practices support the learning of mathematics by diverse goups of students, which do not, and
how they work? What theoretical frame will provide the best purchase on these issues?

As simple as these questions may seem, the answers are anything but smple.

Context

Why this might matter to people outside the United States.

The United States has often gone its own way in curricular matters. For example, the
traditional U. S. mathematics curriculum consists of a year's study of dementary agebrain 9"
grade, Euclidean geometry in 10" grade, and a return to more advanced algebra and trigonometry
in 11" grade. In the traditional curriculum, geometric problems are not dedlt with in the agebra
courses, and vice-versa;, gpplications are few and far between. This course configuration, along



with the nature of topic coverage in the U.S. (“a mile wide and an inch deep”), are somewhat
anomaous internationdly (see, eg., Schmidt, McKnight, and Raizen, 1997). Given the atypica
nature of the curriculum, and the somewhat atypica history of race relaions in American society,
why might the study of issues of diversity and mathematics education in the U.S. be relevant
anywhere else?

| shall answer by assertion — but someone else's rather than mine. In a paper written for the
International Commission on Mathematics Instruction, Robyn Zevenbergen writes the following:

The international phenomenon of expansion of the higher education sector has resulted in
greater diversity in the intake of students. No longer is higher education the domain of the dlite,
but now more students can access it than in any previoustimes. . . . Students who, in earlier times
would not have gained access to (or even consdered enrolling in) tertiary mathematics, are now
coming to classes. These students have very different needs and expectations of their study and
are likely to encounter difficulties... (Zevenbergen, 2001, p. 13).

In short, the democratization of higher education worldwide will result in more diverse groups
of students in tertiary mathemeatics classes, and a concomitant set of pedagogical issues. And such
issues will not appear for the firg time at the post-secondary leve; they will appear in the
mathematics “pipeline,” as sudents are being prepared for the further study of mathematics.

100 years of American curricular history in afew paragraphs

The 20" century can be seen as a century of mathematical “democratization” in the United
States. As the century began, mathematics was the province of the dite. As it ended, arguments
were being made that dl citizens need to be quantitetively literate in order to participate fully in
the American democracy.

In 1890 only 6.7% of the 14 year-olds in the United States attended high school, and only
3.5% of the 17 year-olds graduated (Stanic, 1987). The purpose of schooling was to provide the
vast mgority of students with workplace skills and little else. Schooling for the masses focused
on what were cdled the three R's; Readin’, Ritin’, and Rithmetic.” Education for the dite was
reserved for high school and beyond.

Over the course of the 20" century there were continuing pressures for additiona schooling.
By mid-century dmost three-fourths of the children of age 14 to 17 attended high school, and
49% of the 17 year-olds graduated. (Stanic, 1987, p. 150). These enrollment changes resulted in
the pressures identified above by Zevenbergen: courses once designed for a select group of
students were being studied by increasing numbers of students. These demographic trends
continued through the end of the century. A part of the American ethos is that educdtion is a
pathway to socid and financia advancement: the “G.l. Bill,” for example, provided soldiers
returning from World War 11 with incentives to take courses a the post-secondary level. Generd
socid gods included high school graduation and access to further study for dl students. By the
end of the century, more than haf of the high school graduates in the U.S. had enralled in some
form of post-secondary education.

Outsde the classsoom the world had changed in sgnificant ways. Insde the classroom,
however, the mathematics curriculum was largely unchanged: for most students grades 1-8
conssted of the study of arithmetic. In grade 9 they studied dgebra. Haf the students stopped
taking mathematics at that point, and haf went on to geometry in grade 10. Half the students



stopped taking mathematics at that point, and haf went on to “advanced agebraltrigonometry” in
grade 11. The attrition rate from the mathematics pipeine continued a 50% per year as students
proceeded through pre-caculus and then caculus, ether in their senior year in high school or in
thelr first year of post-secondary education.

1989 and beyond: New curricular goals

In 1989 the U. S. National Council of Teachers of Mathematics issued the Curriculum and
Evaluation Standards for School Mathematics, a volume that proposed significant changesin
mathematics teaching. This was followed in 1991 by the Professional Standards for Teaching
Mathematics and in 1995 by the Assessment Sandards for School Mathematics. | shal refer to
these three volumes collectively as the Standards, while noting thet the first volume, published in
1989, is the one that had the greatest influence. Part of the reason for creation of the Standards
and the changes they suggested was dissatisfaction with the then-current curriculum, including
the huge attrition rate from the mathematics pipeline described in the previous paragreph. But
equaly important was a reconceptudization of the underlying goas and purposes of mathematics
ingtruction. The curriculum had been inherited from a time when mass education was for limited
purposes of generd literacy, and advanced education was for the dite. The Standards specified
new indructiond goas for all studentss "New societd goas for educetion include (1)
mathematicdly literate workers, (2) lifdong learning, (3) opportunity for dl, and (4) an informed
eectorate” (NCTM, 1989, p. 3).

The publication of the Sandards catadyzed a large (and not uncontroversa) change in
mathematics ingtruction, which @me to be known as “reform.” Desired reforms (which were
grounded in contemporary research, but had not been empiricdly tested on alarge scae) included
the following:

"We need to shift —

* towad cdassrooms as mathematicad communities—away from classrooms as smply a
collection of individuds,

» toward logic and mathematical evidence as verification—away from teacher as the sole
authority for right answers;

*  toward mathematica reasoning—away from merely memorizing procedures,

* towad conjecturing, inventing, and problem solving—away from an emphass on
mechanistic answer-finding;

* toward connecting mathematics, its ideas, and its gpplications—away from tresting
mathematics as a body of isolated concepts and procedures.” (NCTM, 1991, p. 3)

The Sandards emphasized mathematical processes as well as content. Specificaly, there was
afocus a dl grade levels on problem solving; on reasoning; on connections within mathemetics
and from mathematics to ideas outsde mathematics; and on communicating using mathematical
ideas. In the years from 1989 to the present, there has been some dow implementation of reform,
dong with afair amount of experimentation®. After the publication of the Standar ds, some groups
(sometimes with funding from the U. S. Nationd Science Foundation) began the development of

% The Standards did not specify curricula, but rather a set of learning goals for students. Thus it was
possibleto develop very different approaches to instruction that were “in the spirit of the standards.”



curricula aigned with (their authors' interpretation of) its goas. These curricula became available
in the mid-to-late 1990s. Reliable data on their use, discussed later in this section, is just
beginning to accumulate.

Toward the end of the 20" century, NCTM redlized that it needed to re-examine the contents
of the Standards. Part of the reason for this reconsideration was political: the origina document
had been interpreted in so many different ways that some clarification was in order. More
importantly, a lot had been learned in the years since the Standards had been issued. Ideas that
had been speculative (that is, research-based but not extensvely field-tested) had since been
examined in practice, and methods, ideas, and materials had been sgnificantly refined over the
ensuing decade. Equaly important, there had been important changes in the world outside of
school. When the Standards were written, its authors took a bold stance, arguing that al high
school students should have access to (and use) graphing caculators. Just a few years later,
computers and the World Wide Web became accessible resources. Numbers no longer had to be
“nice’; machines could do number crunching. Large data sets were available on the web, meaning
that students didn’t have to work with “faked” data. Graphing packages were available, as were
various modeling tools. With such tools and data available, the nature of the mathematics that
could be done in classooms changed consderady. And, the threshold of mathematical
competence for full participation in America s participatory democracy kept risng.

All of these reasons led NCTM to issue Principlesand Sandardsfor School Mathematicsin
April 2000. (Full disclosure: | was a member of NCTM’s Commission on the Future of the
Standards, which decided that a new vision was needed, and a member of the writing team that
produced Principlesand Standards.) Principlesand Standards representsan evolutionary change
from its antecedent, n that it is informed by a decade's experience working toward the content
and process god s of theStandards. But there are waysin which Principles and Sandardsisitsdf
revolutionary. Just asthe origind Standards represented a vision statement — a set of goadsfor the
future — so do Principles and Standards. Perhaps one of the strongest positionsin the document is
that dl students should study a basic core set of mathematics courses each and every year that
they are enralled in secondary school.  The expectation is that this common core will prepare al
students for quantitetively literate citizenship, entry into the workplace upon graduation, and the
pursuit of mathematics at the university leve if they desire.

This expectation flies in the face of 100 years curricular tradition in the United States. It is
dso a bold (and some would say impossible) cry for socid justice, given the data that | shal soon
describe.

Part of the rationde for the recommendation is as follows. There are basicaly two audiences
to condder: those who (for the time being at least) see themsdlves as having no mathematical
needs beyond those required for a good job and literate citizenship, and those who will pursue the
further study of mathematics. A good case can be made that the needs of these two groups are
converging. The threshold for quantitetive literacy has been risng. Today one expects people to
be able to model and understand rea-world phenomena using quantitetive tools, to andyze and
undergand (and even make) complex logicad arguments, to make decisions about socid issues; to
use technologica tools gppropriately when necessary; and to communicate effectively ordly and
in writing. Such skills are required for decisonrmaking in on€'s persond life (eg., when
choosing mortgages or telephone plans), for interpreting information in newspapers (which is



increesingly given in graphica or tabular form), for making informed choices regarding public
policy (just how dangerous is a pesticide suspected of causing @mage, or living near power
lines?), and on the job (e.g., making predictions usng spreadsheets and other software, defending
one' s choices or line of argument in amemo).

Many of these skills were given scant atention in the traditiona curriculum. They can be seen
not only as part of the foundation for quantitatively literate citizenship, but dso as part of the
foundation for mathematical and scientific careers. Let me describe my own background. My
Ph.D. is in mathematics. Through secondary school and well into my collegiate career | sudied
no datigtics and learned nothing about anadlyzing data. (I first studied statistics when | had to
teach it.) | never did any “red world” modding, or had practice a representing read world
phenomena in mathematica terms. With the exception of a rather dilted form of writing up
proofs in 10" grade geometry, | was not asked to make mathematical arguments of any sort until |
was asked to reproduce proofsin calculus, then write them in alinear dgebra course. | wasrarely
if ever asked to communicate using the language of mathematics, more often than not, producing
a gring of symbols and the right number at the end of my computations sufficed to get full credit
for working a problem. In sum, my preparation as a mathematicianto-be would have been far
richer had | been asked to develop the skills that are now relevant for al citizens. A common core
can serve both groups (with the mathematically inclined studying additiona mathematics if they
wish.

That being the god, what is the redity?

The data speak: Diversity and equity must be major concerns with regard to
mathematics education.

As a mathematician, | vaue mathematics for myriad reasons. its beauty, its clarity and
coherence, its power as away of thinking, its role as the “language of science,” its contributions
to our intelectud heritage, and more. As an educator, | redize that access to high quality
mathematics indruction — the kind of indruction that will endble Students to develop
mathematical competency — is a matter of socia judtice.

Everybody Counts, a1989 report fromthe U. S. National Research Council, made the case this
way:

More than any other subject, mathematics filters sudents out of programs leading to scientific
and professiona careers. . . . Mathematics is the worst curricular villain in driving students to
falure in school. When mathematics acts as a filter, it not only filters students out of careers, but
frequently out of school itsdlf. . ..

Low expectations and limited opportunity to learn have helped drive dropout rates among
Blacks and Hispanics much higher -- unacceptably high for a society committed to equdity of
opportunity. It is vitaly important for society that all citizens benefit equaly from high qudity
mathematics education. (Nationa Research Council, 1989, p. 7)

This last statement situates mathematics ingtruction firmly as an equity issue. The “gender
gap” in mathematics performance and the role of mathematics as a “criticd filter” for women
have been documented for some time (see, eg., Sdls, 1975, 1978). Smilar data exist for under-
represented minorities (specificaly African Americans, Latinos, and Native Americans). In 1990,



the U. S. Nationa Research Council published A Challenge of Numbers, which synthesized a
great dedl of data regarding the mathematica trgectories of various sub-populations of the United
States. Here in tabular form are data regarding the percentage of students enrolled at various
levelsin mathematics in the late 1980s.

8" Grale | 17" Grade BS inmanh | MS. inMah | Ph.D.in Mah
Agans 2 2 §] 8 8
White Mde 40 41 45 55 70
White Farde 39 39 20 3 17
Black 12 11 5 2
Hispanic 7 6 2 2

Per centage of students at various pointsin the mathematics pipeline.
Data drawn from Figure 4.2 of NRC, 1990.
(Rounding resultsin some column sums not being 100)

Reading each row from left to right provides documentation of increasing or decreasing
participation in mathematics, from eighth grade on. Since schooling is essentidly universal at
eighth grade, the first column represents the gpproximate proportion of each demographic group
in the U.S. population. One sees a substantia percentage increase in mathematics participation
among Asians and White males, and a substantial decrease among White females, Blacks, and
Higpanics. These data represent just the tip of the iceberg, for they fal to cepture the
“performance gap” between various demographics groups (in terms of scores on various
standardized exams) at dl levels of the educationd system. A synthesis of current performance
and demographic data has just been published in the Educational Researcher by Jaekyung Lee.
Leg's (2002) findings are not encouraging. They suggest that the progress toward narrowing
racia and ethnic achievement gaps in the 1970s and 1980s (as reflected by scores on a range of
standardized tests) may have dowed or reversed in the 1990s. In what follows, NAEP refers to
the U.S. Nationd Assessment of Educationa Progress, a federaly funded national sampling of
student performance in core subject areas. The SAT is a “high stakes’ examination taken by a
large percentage of students applying for post-secondary study. Among Le€' s findings were the
following.

*Black-White average score gaps on the NAEP mathematic s tests tended to diminish from
1971 through 1990, but then stabilized or increased through 1999. In 1999 these differences
were between 25 and 35 points at dl grade levels. (NAEP defines five “performance levels’
of mathematica proficiency corresponding to of 150, 200, 250, 300, and 350. The average
differences of 25 points represent avery large and significant difference.)

. Higpanic-White average score gaps on the NAEP mathematics tests showed a
smilar trend, in that they tended to diminish from 1971 through 1990, but then stabilized or
increased through 1999. In 1999 these differences were between 20 and 30 points at al grade
levels.




. Black-White average score gaps on the SAT mathematics exams followed a
smilar pattern over the period from 1977 1o 2000, with a steady decrease in the score gap
from 123 in 1977 to alow of 91 in 1990, but then very dow increases to a difference of 94 in
2000. (SAT scores are on a 200-800 scae, with a mean of 500 and a standard deviation of
about 110. These are very large and significant differences.)

. Higpanic-White gap trends on the SAT mahematics exams were smilar,
athough the magnitude of the gaps has been abit smaler (asit was on NAEP). Therewasa
steady decrease in the average score gap from 80 points 1978 to alow of 57 points in 1989,
but then a steady increases in differences from then on, to an average difference of 69 points
in 2000. These too are very large and sgnificant differences, with the trend moving away
from equdlity.

Lee ds0 offers comparative data on trends of sedlected measures of socioeconomic,
cultural, and educationd conditions among Blacks, Whites, and Hispanics from 1970 through
1998. These data offer few reasons for cheer, other than the fact that, generally speaking,
thingsdo tend to be better now than they were thirty years ago. Here are some of the relevant
data. Data are given in terms of ratios of proportions of the populations being compared. In
1998,

. The likelihood of a Black family living in poverty was 2.5 times thet of a White
family; the likelihood of a Higpanic family living in poverty was 2.3 times thet of a White
family.

. The likelihood of a Black family being headed by a single parent was 2.5 times

that of a White family; the likelihood of a Hispanic family being headed by a single parent
was 1.3 timesthat of aWhite family.

. The high school dropout rate for Blacks was 1.8 times that for Whites, and the
high school dropout rate for Higpanics was 3.8 times that for Whites.

These gatigtics are troubling — and, ¢ course, data summaries capture the redities in rather
dry ways. Kozol’s (1992) Savage Inequalities brings them to life in dramatic (and much more
disturbing) fashion.

It should be noted that while the data portray some of the harmful redities that need to be
addressed at both the socid and school levels, they do not a dl paint a clear picture of precisely
how they are related. Indeed, some trends such as high school dropout rates differed substantially
for Blacks and Hispanics, while many of the trends regarding socioeconomic and culturd
conditions looked remarkably dmilar. Lee summarizes his presentation of the data with the
following comment: “In brief, this analys's of schooling conditions and practices shows that none
of the conventiond indicators examined above fully accounts for the bifurcated racid and ethnic
achievement gaps trends that | have described” (Lee, 2002, p. 10).

Despite the absence of a clear causa (or in some cases, correlationa) mechanism, aspects of
the problem are clear. There are huge performance gaps in mathematics. There is differentia
access to mathematical resources, with poor and underrepresented minority students less likely
than others to have access to high qudity instruction. (See Kozol, 1992, for graphic desxiptions
of educationa inequities in the United States; see Secada, 1992, for a broad characterization of
racid, ethnic, and class issues in mathematics education.) The lega term for guaranteed access to



educationd opportunities is “opportunity to learn (OTL).” OTL has become a mgor civil rights
issueinthe U.S.

Generdly spesking, alack of credentias or poor performance in mathematics is likely to lead
to decreased opportunities. Assuring high qudity ingtruction, and moving toward a high level of
performance for dl students, is an issue of socid justice.

This point has been highlighted by Robet Moses, civil rights leader and founder of the
Algebra Project (a project intended to help provide disenfranchised minority students access to
mathematics). Moses notes that adgebra has come to take on a powerful filtering role in school
curricula: those who will “make it” do so by passing dgebra, while the rest will have severdy
limited opportunities. In Radical equations: Math literacy and civil rights, Moses writes:

Today ... the most urgent socid issue affecting poor people and people of color is
economic access. In today’ s world, economic access and full citizenship depend crucidly
on math and science literacy. | believe that the absence of math literacy in urban and rura
communities throughout this country is an issue as urgent as the lack of Black voters in
Missssppi wasin 1961. (Moses, 2001, p. 5)

Focusing in on the classr oom: Some of what we know

Let me begin this section by reiterating two points. The fird is my emphasis on examining
classsoom indruction — albeit with the recognition that factors outsde the classsoom walls
obvioudy play a powerful role shaping what can and does take place ingde them. The second is
my notion of teaching as a set of actions that help students negotiate the terrain between what
they bring to the learning environment and what one wants them to learn. The question for mein
thinking about focusing on the classroom is deceptively smple: What can we know, and how can
we know it?

There is a clear policy context, which | shdl summarize in brief. And there are suggestions
(both in terms of findings and methods) from research on gender; on language; on atempts to
teach “mathematics for dl”; on individual agency; on cdlassoom community; and in fine-grained
anayses of learning.

Policy Assumptions

As noted above, there have been some dramatic changes in American mathematics curricula
since the issuance of the NCTM Sandards in 1989. These changes have not been
uncontroversid. Curricula congtructed in line with the Standar ds tended to emphasis “process’ to
a dgnificant degree: the first four standards at each grade level concerned problem solving,
mathematica reasoning, making connections, and communicating mathemetically. There has
been a concomitant de-emphasis on practicing basic kills and on the mastery of procedura
dgorithms (eg., the procedures for long divison and multiplication of multi-digit numbers). This
rased for some the concern that students would lose foundationa mathematica skills, without
which they would be serioudy handicapped. For some years the controversies lay primarily in the
political arena, since there were no hard data to make the case one way or ancther. The first
volume of Standards was published in 1989, and “standards-based” curricula were developed in
the mid-1990s. They were first implemented on a large scae in the late 1990s, and data



concerning their implementation have only begun to be available over the past year or two. Those
data suggest the following:

The dignment of curriculum, student assessment, and professond development (enhancing
the capacity of teachers to implement curricula as intended) is essentid. When a sandards-based
curricullum is implemented in a Sable context and when assessment and professiona
development are congstent with that curriculum, there can be significant improvements in student
learning. Those improvementsinclude:

. scores on measures of skills that meet or exceed the scores of studertswho study
traditional (U.S)) mathematics curricula. (In other words, fears that less direct attention to
basic skills would result in an absence of those sKills are not warranted.)

. tremendoudy enhanced performance on measures of concepts and problem
solving, in comparison with the test scores of sudents who study traditiond curricula. (This,
of course, should come as no surprise; traditional curricula give much less atention to
concepts and problem solving than do reform curricula)

. a dgnificant decrease in racia “performance gaps.” In one well-documented
case, Black/White recia differences essentially vanished on measures of sKills; they dropped
subgtantially on measures of concepts and problem solving.

Data supporting these assertions may be found in Schoenfeld (2002). These data provide a
warrant for looking a contexts where students are encouraged to engage with meaningful
mathematics — that is, with mathematics curricula consstent with NCTM’s Principles and
Standards or the earlier Standards. The data dso point to the fact that such engagement is much
more likely to be successful in the right “policy surround” — one in which teachers are supported
in their efforts to make the mathematics accessible to students, both by means of assessment
policies and by professond development.

I ssues of Context

Though they are not the focus of the classroom analyses | propose to discuss here, one must
keep in mind the variety of contextua factors that shape the opportunities made available to
students. These include differential opportunities due to unequa distribution of resources and
tracking or “curriculum differentiation.” Secada (1992) documents relationships between various
contextua factors (race, ethnicity, socid class, and language) and mathematics achievement
(typicaly measured on standardized achievement tests); Lee (2002) updates some of these. As
noted above, Kozol (1992) portrays the stark redlities that lie behind some of those data. Oakes,
Gamoran, and Page (1992) describe the effects of tracking:

“Curriculum differentistion works againg the success of academicaly deficient
students: By the end of the year, they tend to fall even further behind. Even in the best of
cases, in which ability grouping benefited low-ability as well as high-ability sudents in
certain dementary school studies, high-group students tended to gain more, so that the
gaps ill widened.” (Oakes, Gamoran, & Page, 1992, pp. 599-600)



Putting aside for the time being the problematic nature of constructs such as “high ability” and
“low ability” students’, this does suggest some issues that could be examined in cdlassrooms, eg.,
the uses of grouping and the consequences thereof. Of particular interest to me is explanation at
the level of mechanism. Such studies exit in reading, for example: “At the dementary levd, low
reading groups spend relatively more time on decoding activities, whereas more emphasis is
placed on the meanings of stories in high groups’ (Oakes et d., 1992, p. 583). This serves as an
explandion of why the rich get richer, in that the more advanced students are presented more
opportunities to learn the things that dl students need to learn. Similarly in high school
mathematics, teachers of “low ability” classes tended to emphasize mathematical procedures,
while teachers of “high ability” classes gave much greater emphasis to inquiry skills, problem
solving, and the preparation for further sudy (Oakes et d., 1992, p. 584).

Issues of Differential Treatment

The previous section focused on differentid treatment at the group level. Classroom andyses
have dso focused on differentid trestment at the individud level (aggregeting the individud
data). Some studies with the best potentia for the detailed examination of classroom practices
regarding differentid treatment were gender studies, which have a tradition that goes back some
30 years. After examining patterns of classroom interactions, for example, Good, Sikes, and
Brophy (1973) concluded that “male and female students are not treated the same way” (p. 85;
quoted in Koehler, 1990). Typical studies examined the frequency of the questions teachers asked
boys and girls, and their nature — whether questions were at high or low content levels, how often
they were focused on disciplinary issues, and how often teachers comments focused on
substantive content issues or superficial aspects of work such as neatness.

In early work on classroom practices, in the 1970s, achievement scores were not examined.
As a result, systematic patterns of interactions could not be related (even datisticaly) to
outcomes. Also, the scope of processes covered was rather narrow. Hence it is not clear what
would correate with what (or even if the right variables had been chosen), even if outcome
measures had been used

A next generation of studies in the late 1970s and 1980s, caled differentid effectiveness
studies, employed the “process/product” paradigm, which atempted to link differentid teacher
and sudent behaviors to differentid performance outcomes. Such studies rapidly reveded
unexpected complexities. First, correlationa patterns were not what one might nai vely expect.
Differentia patterns of engagement did not consistently produce differential scores, raising
hypotheses that some teacher behaviors might be appropriate for some students, and not others.
(In the language of the time, there might be an “ aptitude-treatment interaction” that confounded
the relation between teacher actions and student outcomes.)

Leder (1992) reviews a broad spectrum of gender studies in mathematics. A jaundiced
summary of Leder's summary might be “there are lots of interesting things to look at, but very
few if any clear-cut conclusions that one can draw.” Environmenta variables listed by Leder

4 Such classifications are often made on the basis of standardized tests, which tend not to make
accommodations for linguistic skills. The use of such tests can thus lead to the classification of a
mathematically talented student who is taking thetest in his or her second (or third)language as being “low
ahility.”



included school variables, teacher variables, the peer group, the wider society, and parents.
Learner—related variables included intelligence, spatid abilities, confidence, fear of success,
attributions, and persistence.

The process/product paradigm died pretty much a naturd death, and for good reason. There
were two main difficulties regarding such studies. The first is that the work was correlational —
and as indicated above, the corrdations did not provide much by way of insght. The second is
that outcome measures were amost dl mathematically superficid. Standardized tests were
typicdly employed. These gave little attention to the complex processes of mathematical thinking
and learning that are now central to educationa discourse. Thus, while such studies suggest
interesting things to look for in patterns of teacher-student interactions, a new (and much more
fine-grained) perspective is required. Such a perspective would attend much more to the
mathematica richness of the interactions, and would try to link the character of theinteractions
more directly to student performance.

L ooking more closely at teacher practices

One lens through which one might examine teacher practices is that of “culturaly relevant
pedagogy,” as described by Gloria Ladson-Billings (1994). Ladson-Billings (1997) abstracts
some principles of productive pedagogies for all students as follows:

*Students treated as competent are likely to demonstrate competence.

*Providing ingructiond scaffolding for students alows students to move from what they
know to what they do not know.

*The mgor focus of the classroom must be ingtructiond.

*Red education is aout extending students thinking and abilities beyond what they
dready know.

«Effective pedagogica practice involves in-depth knowledge of students as well as subject
matter.

Ladson-Billings goes on to note that researchers face serious theoretical (and methodological)
challenges in trying to frame productive “next steps’ in research — the job being to confront the
necessary complexity of classroom interactions and characterize it in ways that dlow for building
productively on what students know. That isindeed the challenge.

It is worth noting that culturaly relevant pedagogy need not be “culturdly specific.” Some
programs, such as the Algebra Project (Moses, 2001; Moses, Kamii, Swep, & Howard, 1989) and
the Jaime Escalante Math Program (Escdante & Dirmann, 1990) are designed to address the
perceived needs of specific groups of students. Other programs, such as Cognitively Guided
Ingruction, or CGI (Carey, Fennema, Carpenter, & Franke, 1995) and QUASAR (Silver, Smith,
& Neson, 1995), or many of the standards-based curricula, were not designed for implementation
with specific populations of students. The key desideratum is that they were designed to meet
students “where they are.”

Additiona factorsto consder follow.

I ssues of Language and Discour se
In recent years there has been a significant change in perspective regarding the mathematics
ingtruction of “English language learners’ and/or those students whaose cultural backgrounds are



from other than mainstream U.S. culture. Older studies tended to ook upon mathematics learning
as the acquidtion of vocabulary and of skills; English language learners were often thought of as
having language (and other) “deficits’ and ingtructed narrowly in terms of vocabulary. Today it is
understood that engaging in mathematics involves a form of sense-making that far transcends the
acquisition of a technica vocabulary; dso that deficit models are not a productive way to address
the educational needs of students with non-mainstream backgrounds. Echoing the comments of
Ladson-Billings summarized above, for example, Garcia and Gonzaes (1995) note the following
characteristics of teachers considered successful with linguigic and culturd minority students:

high expectations for al dudents, a rgection of modes of their sudents as intellectualy
disadvantaged;, commitment to sStudents academic success, commitment to student-home
communication; and willingness to modify curriculum and instruction to meet the specific needs
of their sudents.

The new emphases in standards-based curricula on mathematical processes — on problem
solving, reasoning, connections, and communication — cdl for a much higher leve of
mathematical discourse.

“Research in mathematics education documents a variety of perspectives regarding
what it means to learn mathematics. Learning mathematics can be seen as learning to
carry out procedures, develop hierarchica skills, solve mathematicad problems, or
mathematize Stuations. Recent theoretical perspectives have focused increasingly on
mathematics learning as a process that intringcaly involves the use of language. Such
notions include descriptions of mathematics learning as sense-making (Lampert, 1990;
Schoenfeld, 1992), as participation in communities of practice (Lave & Wenger, 1991,
Brown, Cdllins, & Duguid, 1989), as deveoping socio-mathematicadl norms for
participating in the discourse of mathematics classrooms (Cobb, Wood, & Y ackd, 1993),
and in generd as learning to participate in mathematical discourse practices such as
modeling and argumentation (Brenner, 1994; Forman, McCormick, & Donato, 1998;
Greeno, 1994).” (U.C. ACCORD Mathematics working group, October 2000, p. 10).

As Brenner (1994) observes, Sandards-based curricula typicaly cal for discussng and
anayzing problem gtuations, choosing the relevant anayticd and representational tools, solving
problems, and communicating the results. In comparison with traditiond curricula, this requires
the increased use of language in the service of mathematical sense making. Hence classroomsin
which these curricula are employed run the risk of placing English language learners a risk —
unless their teachers can find ways of king advantage of the first language resources the
sudents bring with them to ingruction. This will cal for mediaing between the linguigtic
resources that the students come with — typicaly everyday language in ther first language and
some mastery of English — and the specialized use of the “ mathematics register” (Hdliday, 1978),
a precise technica form of expresson usng mathematica terms that has its own speciaized
syntax and meanings (seg, eg., Khisty, 1995; Moschkovich, 1999, 2000; Pimm, 1987; Warren &
Rosebery, 1995). More generdly, an argument can be made that teachers (and researchers on
teaching) need to be familiar with a range of issues pertaining to language, language
development, and language acquisition (See Fllmore and Snow, 2000). In terms of classroom
research, this will cdl for fine-grained analyses to see how interactions among students and



between the students and the teacher work to support or inhibit sudents meaningful engagement
with the rich conceptual aspects of mathematics.

To make this discusson concrete, let me give some examples of how an inappropriately high
linguigtic threshold can impede English language learners participation in mathematics and other
subjects, and paint a distorted picture of the students competencies. Lily Wong Fillmore has
investigated the language demands in “high dakes’ contexts such as high school exit
examinations in various dates. Fillmore (2002) points out that the tests examine not only subject
matter mastery, but sudents command of academic English. Here is a sample problem from the
Arizonaexit exam.

If x is aways positive and y is ways negtive, then xy is always negeative. Based on
the given information, which of the following conjecturesis vaid?

A.X"Y", where n is an add natura number will dways be negative.
B. xX"y", where n is an even natura number, will dways be negative.

C. xy", where n and m are digtinct odd naturd numbers, will dways be
positive.

D. x"y", where n and m are digtinct even naturd numbers, will aways be
negdive.

Fillmorewrites.

“What's difficult about it? Nothing, redly, if you know about, can interpret and use—

exponents and multiplying Sgned numbers,
the language of logica reasoning;
the structure of conditional sentences;
- technica terms such asnegative, positive, natural, odd, and even for talking
about numbers.
ordinary language words and phrases such as if, always, then, where, based
on, given information, the following, conjecture, distinct, and valid.” (Fllmore, 2002,
p.3.)"
Fllmore continues with sample questions from the tenth-grade Massachusetts Comprehensive
Assessment System (MCAS).

1. Which of the points below is not collinear with the others?
M(@3,-2) N(-56) S(-9,10) T (10, -21)

A. Nonly
B. Sony
C. Tony

D. They aredl callinear.
2. The amplitude, frequency, and shape of an electrical signal can be displayed and
measured using

A. asgna generator.
B. amultimeter scope.



C. anostilloscope.
D. anodometer.
3. The Petition of Right that the English Parliament forced King Charles| tosignin 1628
included the principle of habeas corpus, which means that

A. only alegidative body can collect taxes in time of peace.

B. civil law cannot gpply to the clergy.

C. martid law can only be applied by the head of the government.

D. no one can be imprisoned unless charged with a specific crime
within aressonable time.

These examples are clearly problematic, if one takes serioudy the idea that assessment should
help reved “what students know and can do.” These examples, taken from formal assessments,
aso highlight potentid linguidtic issues in the acquisition of mathematicd undergtandings. It will
not be teribly difficult, | suspect, to find evidence of unhepful discourse practices in
mathematics classsooms. The question is, how does one document what are likely to be
productive practices, and provide meaningful evidence of the relaionship between the practices
and their impact?

I ssues of Participation and Agency

Active engagement (of a mathematicaly appropriate and productive kind) is likely to be a
mgjor factor contributing to students mathematical success. There are various ways one can look
a issues of engagement, at both the collective and individud levels. One can examine
participation structures, both whole class and smal group. Are al students “invited” to participate
fully? Are there moves by teacher and/or students that enfranchise various students, or that
disenfranchise them? Analyses of this type, combined with anadyses of the kinds of commerts
made by individud students, can paint a good picture of local engagement — of what students are
doing and how they engage with the materia. But then there are at least three other issues that
need to be considered, if oneisto have a chance of seeing the “big picture.”

Fird, there is the issue of linking participation and engagement to outcomes. In the past, some
of my explanatory work has been at the aggregate level. For example, | was able to argue on the
basis of classroom observations that particular practices in high school geometry classrooms led
to the development of particular student beliefs regarding the nature of the mathematica
enterprise. It is not clear to me whether the study of aggregete or individud trgectories is more
promising for linking participatory experiences with student perceptions and behavior.

Second, at what point in sudents mathematica higtories is it most profitable to start looking
a interactive and engagement patterns? To give a specific example: afew weeks ago my research
group viewed a videotgpe of a group of students working together on an applied problem. The
interactions were nothing short of wonderful; the three students (two girls and one boy, al of
different ethnicities) dl contributed in substantive ways to the solution of the problem they were
addressing. In terms of the methods discussed above, it would be draightforward to do a
discourse andlysis indicating how each was enfranchised by the others, what their contributions
were, and so on. And that's essentid. But looking at this tape raised more questions than it
answvered. How in the world did the students learn to interact like that? How typical were the
interactions? How far back do you have to go to trace the ways these students learned to interact



with each other, to describe the role of the teacher in shaping the group’s interactions? A
comprehensive data analysis would take a huge amount of time. What strategies are there for
targeting the “right” things for the “right” kinds of analyss?

Third, it must be recognized that in-class interactions are shaped in myriad ways by events
that take place outside of class. To name one essentid feature of the interactions, consider the
issue of students mathematica agency and mathematical identities. Whether students will engage
mathematically and how they will do so is a function of how they see themsdlves, how they see
the instrumentdity of the mathematics they are studying, and how they see themsdlves fitting in
with their environment (Eckert, 1989; Martin, 2000). Martin (2000), for example, describes
interviews with African Americans who fdt that, now matter how well they did mathematicdly,
they would never be given job opportunities that would use such skills — so why bother? Other
interviews reved that parents, by underestimating the specific mathematica prerequisites for
progressing through the educationd system, can limit their children’s opportunities. How far
back in time, and how far outside the classroom, must one go to trace such things appropriately?
Another issue has to do with beliefs. For example, the typicd American belief that one is either
born good or bad at mathematics (in contrast to the typical Japanese belief that one's performance
in mathematics is directly related to the amount of work one puts into studying) clearly shapes
how students engage mathematically.

I ssues of meaningful mathematics (in and out of the classroom)

The question here is: what is meaningful to students, in what ways, what unexpected territory
might one enter when trying to introduce students to rich mathematica terrain? Thisis, in a broad
sense, a curricular issue. (1 take “curriculum” to mean both the materias that students study and
the ways in which they are brought together to study them.) Han (2002; in preparaion) has
studied the concept of “group-worthy” activities used by one reformoriented mathematics
department. These are mathematical problems and activities that can be accessed from multiple
garting points and that can engage students with diverse mathematica backgrounds. Group-
worthy activities provide affordances for classroom interactions that can enfranchise and support
awide range of students. Teasing out the interaction of such curricular materids with the kinds of
interactions that can and do take place in the classroom adds yet another level of complexity to
the task of seeing “what counts.”

Curricular choices intended to “reach the students where they are” can raise issues that are not
encountered when one teaches more traditiond mahematics. Silver, Smith, & Nelson (1995)
describe one such example. Teachers in the QUASAR program had administered the following
open-ended task to students:

Yvonne is trying to decide whether she should buy a weekly bus pass. On Monday,
Wednesday, and Friday she rides the bus to and from work. On Tuesday and Thursday,
she rides the bus to work, but gets a ride home with her friends. Should Yvonne buy a
weekly bus pass? Explain your answer.

Busy Bus Company Fares

One Way $1.00
Weekly Pass $9.00



Teachers were surprised by the number of students who responded that the weekly passwas a
better buy, given that the one-way fares described in the problem statement added up to only
$8.00 per week. When they discussed their answers with students, “many students argued that
purchasing the weekly pass was a much better decision because the pass could alow many
members of afamily to useit (eg., after work and in the evenings) and it could aso be used by a
family member on weekends” (Silver, Smith, & Neson, 1995, p. 41) This makes good sense —
it's a realworld solution to a “red world” problem. It points to the complexities one faces in
designing and implementing curricula that try to bridge meaningfully to children’s lives, and to
the subtleties that one faces in assessing issues such as student thinking and what it means for a
curriculum to enfranchise students.

Concluding Comments

| have argued for some years (see, e.g., Schoenfeld, 1999) that the state of the art is such that
educationd researchers can now conduct research in contexts that really matter. For me, that
means mathematics classrooms. | dso have my own persond standards for what condtitute well-
warranted clams in education. Those have to do with explanation & a level of mechanism, where
one is obligated to explain how things fit together and why things happen. My research on
problem solving and on teaching has typicdly been a a very fine-grained level of anadyss: a
typica claim has been that the student or teacher behaves in particular ways because he or she has
very specific knowledge, gods and beliefs. Looking for causdity has often caused me to expand
the scope of inquiry, and to expand the theory within which the empirical work that characterized
the behavior was dtuated. For example, my andyss of student problemsolving protocols
reveadled that students routingly made conjectures in contradiction to things they “knew” (and had
proved just a short time before). This led to studies of beliefs — eg., the idea that some students
“believe’ that proof-related knowledge is not relevant or useful when working “discovery”
problems of a particular type. That raised questions about the origins of such beliefs —which
turned out to be the mathematica practices in which the students had engaged, over time, in their
mathematics classes. The chain of causdity for “smple’ behavior in a twenty-minute problem
solving session in the laboratory reached back to formative experiences, over a period of years, in
mathematics classrooms.

The chalenge of the problem solving research pales in comparison to the chalenges of
developing a coherent frame within which to examine issues of diversty and mathematics
learning. It should be clear that the brief summary of some of what is known about issues of
“dgebrafor dl” given in this paper raises far more questions than answers. Each of the arenas
addressed — context, differentia treatment, teacher practices, language and discourse,
participation and agency, and meaningful mathematics in and out of the classoom - is itsdlf
complex and not well understood. Interactions among them are that much more complex.
Painting the “big picture’ while maintaining a focus on detail and a predilection for explanation
at aleve of mechanism will be an interesting chalenge.
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