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Abstract

This review considers research related to mathematics education and cooperative
learning, and discusses how teachers might assist students in cooperative groups to
provide equitable opportunities to learn. I define equity in this context as the fair
distribution of opportunities to learn, and argue that identity-related processes are just as
central to mathematical development as content learning. I consider the link between
classroom social ecologies, the interactions and positional identities that these social
ecologies make available, and student learning. I close by considering unresolved

questions in the field and proposing directions for future research.
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Ideas and identities: Supporting equity in cooperative mathematics learning

Equity in mathematics education is of growing concern to many education
researchers and practitioners, as evidenced by the number of recent publications
concerning this topic (see two recent special issues of Mathematical Thinking and
Learning (2002 and 2006), as well as National Council of Teachers of Mathematics
volumes Jacobs, Becker, & Gilmer, 2001; NCTM Research Committee, 2005; Secada,
2000; Trentacosta & Kenney, 1997). In an increasingly technological society,
mathematics plays a central part in governmental and corporate decision-making, and
these decisions disproportionately affect marginalized people — the very people who are
less likely to have access to quality mathematics education. Mathematical knowledge can
therefore be an important component of struggles for social justice at home and abroad.
In addition, mathematical knowledge is necessary for many careers, and currently serves
a key gatekeeping function for academic achievement and high school and college
graduation. For these reasons, it is important for mathematics educators find ways to
equitably provide powerful mathematics instruction. Equity-oriented reforms in
mathematics education must tackle the question of what is learned (i.e., which
mathematical topics and processes are important for students to learn?), as well as how it
is learned. In this review, I focus on pedagogies for equity in mathematics education;
specifically, I consider cooperative group work in mathematics classrooms.

Cooperative learning is one technique that is often recommended to promote more
equitable learning environments in mathematics (R. Gutierrez, 2002; Weissglass, 2000).

Cooperative learning is a component of many efforts at reform in mathematical
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educational contexts (de Corte, 2004). Advocates argue that it fosters learning of
academic content and social skills (Antil, Jenkins, Wayne, & Vadasy, 1998; Cohen,
1994; Johnson & Johnson, 1991; Slavin, 1996; Webb & Palincsar, 1996), supports
democratic and social justice goals (Cotton, 2001), and leads to greater inter-group
harmony (Aronson & Bridgeman, 1979; Slavin & Cooper, 1999). While these benefits
are undoubtedly desirable, they are by no means guaranteed. In cooperative learning
environments, students may learn incorrect mathematical strategies and undesirable
social interactional styles (Good, McCaslin, & Reys, 1992). It is therefore critical that
mathematics classrooms that use cooperative learning be carefully structured. Empirical
research on cooperative learning has built a strong foundation of knowledge about the
conditions that support group work (for comprehensive reviews, see Cohen, 1994;
O'Donnell, 2006; Slavin, 1996; Webb, 1991; Webb, Farivar, & Mastergeorge, 2002). Yet,
we still have much to learn about how to use cooperative learning within mathematics
classrooms as a tool towards equity.

In this review, I will bring together research related to mathematics education and
cooperative learning (focusing on the substantial overlap between the two, but drawing
on other areas as needed) to discuss how teachers might assist students in cooperative
groups to provide equitable opportunities to learn. As a preliminary to a discussion of
how to make opportunities to learn accessible to all students, I present a sociocultural
view of mathematics learning, and argue for the importance of providing students access
to the means to construct deep mathematical ideas, and positive mathematical identities. I
go on to review what we know about structuring equitable group work for mathematics

learning, and present a set of open questions for further investigation.
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Equity in mathematics learning: Considering mathematical ideas and identities

Current mathematics education scholarship with an equity focus tends to draw
from theories of learning that can loosely be termed social, including situated/situative,
sociocultural, and cultural-historical theories of learning (e.g., drawing from Cole, 1996;
Lave & Wenger, 1991; Rogoff, 1990, 2003; Saxe, 1991; Vygotsky, 1978, 1986; Wenger,
1998). These perspectives on learning focus on the primacy of the activity or practice as a
unit of analysis and consider language to be a primary tool that structures people’s
participation in these practices (Lerman, 2001). When engaged in meaningful human
activities, people make use of available resources as means to accomplish the goals that
emerge (Saxe, 1999). The activity, the resources, the patterned interactions between
people, and the emergent goals, are all an important part of the learning that takes place.
Therefore, studies of learning should take into account the whole social ecology that
forms the context for human activity. An ecological approach considers the development
of an individual in relation to the "immediate environment, and the way in which this
relation is mediated by forces emanating from more remote regions in the larger physical
and social milieu" (Bronfenbrenner, 1979, p. 13).

In the context of cooperative group work and participation in mathematical
practices, equity can be defined as a fair distribution of opportunities to learn, or
opportunities to participate (Esmonde, 2007)." From the outset, it should be said that by
equity I do not mean equality, which focuses on strict quantitative measures (Secada,
1989). Instead, equity refers to some qualitative sense of fairness, much more open to
debate. Deciding whether a particular situation is or is not equitable is also, in part, a

political question, and one for which there may be little consensus. Differential
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achievement has to some extent been normalized in North American schools, and many
students, teachers, and families expect that some students are ‘smarter’ than others and
that smarter students should get better grades. This seemingly ‘natural’ order is called
into question by visions of equity that push for less variability in achievement outcomes.
Even more controversially, if one sees mathematics learning as a civil right that has been
denied African Americans (Moses & Cobb, 2001), one could argue that African
American children should be taught even more mathematics than White children — it will
be more necessary to their future success than it is to those who already hold privilege
((Woodson, 1933/1972) as discussed in (C. D. Lee, 2008)).

Defining equity as a fair distribution of opportunities to learn also invites debate
around what constitutes an ‘opportunity to learn.” The construct ‘opportunities to learn’
(OTL) has long been used in sociological approaches to understanding equity in
education (Elliott, 1998). In this usage, OTL refers to “the overlap between what is
contained in an achievement test and what is actually covered by a student’s textbooks
and teachers in preparation for the test” (McPartland & Schneider, 1996, p. 67). Others
have broadened their definitions of OTL to include "course content, instructional
strategies, teachers' background, class size, students' readiness (initial achievement
levels), and the availability of physical resources (such as books and equipment)" (Elliott,
1998, p. 225). The general argument underlying such research is that students should not
be held accountable for material that they have had no opportunity to learn. This
argument has prompted the rise of ‘opportunity-to-learn standards’ that focus on many of
the technical and structural aspects of schooling (Porter, 1995), but ignore classroom talk

and interaction (the ‘immediate environment in which learning takes place’) as well as
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broader factors such as class and racial differences in home and community practices
(Dougherty, 1996).

Scholars who study opportunities to learn have argued that the persistent
‘achievement gap’ in mathematics education (and other content areas) should be
reframed as an ‘opportunity gap’ (Flores, 2007). Students of color, students living in
poverty, students who have been identified as needing Special Education resources, and
English Language Learners are more likely than their White, middle-class, English-
speaking peers to be denied access to experienced teachers, challenging mathematics
courses, and, within the classroom, high expectations from their teachers (Flores, 2007;
Oakes, Joseph, & Muir, 2003). While there are substantial across-school and across-
classroom differences in opportunities to learn as indexed by these factors, in this paper I
focus on how inequity can be constructed within a single classroom — within a single
cooperative group.

Although opportunity-to-learn standards attempt to clarify what schools should do
to provide adequate educational opportunities, these standards tend to be quite broad and
are not always grounded in theories of learning so have little basis for analysing what
happens at the micro-interactional level, in classrooms where learning is taking place
(Tate, 1995). I therefore begin by laying out elements of a sociocultural theoretical
framework for understanding OTL in cooperative groups, focusing on four main points:
learning happens 1) through participation, 2) in relation to a social ecology, 3) through
processes of identity development, and 4) through communicating about mathematical

content.
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Learning and participation. Learning can be defined as a change in participation
in a particular set of collective practices (Lave & Wenger, 1991). This change comes
about through adaptation to or adoption of a community’s ways of speaking, acting, and
interacting — although these community practices also change (Rogoff, 2003). In school,
mathematics learning has come to be conceptualized as learning to participate in
mathematical practices. That is, students learn to construct representations, make
arguments, reason about mathematical objects, explain their thinking, construct proofs,
and so on (Schoenfeld, 2002). Some practices that are central to academic mathematical
communities (e.g., critiquing other people’s arguments) may feel uncomfortable or
difficult for some students, if these practices are not common, or have a very different
meaning (e.g., taken as a personal attack) in other community practices (Enyedy &
Mukhopadhyay, 2007).

Although one may at first be a ‘peripheral’ participant, observing these practices
without participating centrally, or having one’s competent participation heavily supported
by others, the goal is for learners to adopt more central participation without the teacher’s
direct help.” Wenger (1998) used the term ‘marginality’ to describe a position that is kept
peripheral to a community of practice. Peripheral participation in a community of
practice may be necessary for a period of time, while one prepares for full and central
participation. In examining mathematics classrooms, it is not enough to note that some
students participate less centrally than others; rather, the question is whether students
who are peripheral are supported in moving gradually to a more central position, or
whether the participation is truly marginal, with peripheral students prevented from

taking up more central forms of participation. In group work, equity in terms of
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participation is not simple to observe or analyse — rather than looking to see that all
students participate in the same ways at all times, it is important to look to see whether all
students’ forms of participation allow them to move on a trajectory towards more central
and competent participation in classroom practices.

Social ecologies of learning. No learning is ‘decontextualised.” To understand a
learning context, it is necessary to know the kinds of cultural forms available, the
histories of the practice and of the participants, and the varied positions that people can
take up within the practice. In educational research, notions of context have begun to
move beyond the classroom walls, as a number of mathematics education researchers
have begun to consider the relationship between a student’s home/community and school
practices (D. D. Anderson & Gold, 2006; D. Baker, Street, & Tomlin, 2006; Boaler,
2002). An ecological approach emphasizes all of these: cultural forms available, histories
of the practice, the immediate local context, more distal societal structures, and considers
how at any given moment, all of these are acting in relation to one another
(Bronfenbrenner, 1979; Erickson, 2004).

For example, some have argued for a research focus on “how continuities and
discontinuities between out-of-school and classroom practices play out in terms of
access” (Cobb & Hodge, 2002, p. 252). Classroom activities, including mathematical
talk, do more than just convey mathematical ideas. Every moment of classroom
interaction is also a part of the construction, challenging, and reification of students’
social positions or identities, some of which are constructed primarily in the classroom,

and some of which are related to broader communities in which students participate.
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Identity development and learning. Whether identity is conceptualized as a set of
beliefs about oneself (Martin, 2000), as a subject position in relation to other people
within a practice (Walshaw, 2005), or as a narrative that is told about oneself (McAdams
& Bowman, 2001; Sfard & Prusak, 2005), one’s identity changes within the context of a
particular practice, as one becomes more adept at the practice (or as others become more
adept!). While different conceptualizations of identity are valuable for different
theoretical purposes, in this review I consider identity primarily as it is made manifest in
social interaction, through the ways that people position themselves and are positioned by
others (Davies & Harr¢, 1990). (I will therefore use the terms ‘identity,” ‘identification,’
‘subject position,” and ‘positioning’ somewhat interchangeably.) Positioning happens all
the time, and in all contexts, through markers such as the language we speak, the way we
dress, who we interact with and how, and so on (Holland, Lachiotte Jr., Skinner, & Cain,
2001). Whereas the term ‘identity’ may carry the connotation of an enduring, static,
essentialized self, positioning points to the ways in which one does not have ‘an identity,’
but rather inhabits or invokes multiple ‘identities’ or ‘identifications.” These identities
may shift in meaning or salience as one moves from one context to the next.

However, just because they are constructed in the moment, and not predictable in
advance, does not mean that individuals have perfect freedom to construct their identities
or subject positions in any way they choose. Collective practices, including group work
within a mathematics classroom, make particular subject positions available to students.
Or, to use a slightly different language, classroom collective practices are built around
what Gee (1996) calls a Discourse, “a socially accepted association among ways of using

language, of thinking, feeling, believing, valuing, and of acting” (p. 143).” These
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Discourses can be used to “identify oneself as a member of a socially meaningful group

299

or 'social network', or to signal (that one is playing) a socially meaningful ‘role’” (p.
143).

Language, clothing, body positioning, and other aspects of Discourses have
historically developed, and come with social significance. Specifically in mathematics,
“classroom learning is not so much about the individual's acquisition of bytes of
knowledge but is about learning how to behave appropriately, learning how to read the
context of the lesson, and use the right kind of language (Solomon, 1998) and learning
how to be perceived as a high ability pupil” (Black, 2004, p. 357). Adapting to these
‘ways of being’ may be easier for students from some social groups than for others. For
example, in schools in which ‘Standard English’ is valued and students” home languages
— whether they be different dialects of English, or other languages — are devalued, then
adopting the school’s valued Discourse may feel like a rejection of one’s home
community, undoubtedly a difficult and painful decision to make (J. Baker, 2002).

Up to this point, sociocultural and situated theories of learning have not been able
to adequately deal with the complex ways that race, culture and power influence the
nature of social life (and learning) (Hodge, 2006; Nasir & Hand, 2006). Neither a view of
equity in cooperative work that focuses solely on students’ pre-existing socially
constructed ‘identities’ (e.g., intersections of race, class, gender, sexuality, language
communities, etc.) nor a view that ignores these social categories in favor of moment-to-
moment acts of positioning, is completely satisfying. The first view ignores the shifting
nature of group interaction, as students themselves work out a social order for the group,

and the second view ignore the fact that these pre-existing social categories do influence
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the nature of classroom interaction, though not necessarily in predictable or simple ways
(see, for example Boaler, 2002; Lubienski, 2007; Martin, 2006). In this paper, [ will draw
on research from both perspectives and work to bring them together. However, much
more work remains to be done on this topic.

Communication and learning. In addition to looking broadly at the social ecology
of the setting, and which subject positions are made available to the various students in
the class or group, it is of course important to consider the nature of the content-related
talk, writing, gestures, and so on. Mathematical communication should allow students to
make sense of one another’s mathematical ideas in ways that help them participate in
discourse practices such as reasoning, argumentation, conjecture, proof, etc (Lerman,
2000).

Building on Vygotksy’s (1978, 1986) seminal work on social interaction and
learning, Wertsch (1984) emphasized the importance of intersubjectivity, a state in which
two (or more) people have a shared meaning for a particular situation, and know that they
share that meaning. As people make efforts to communicate about and solve emergent
problems in collective practices, there must be a mutual bridging of ideas, rather than a
simple transmission from one person to another (LeBlanc & Bearison, 2004; Rogoff,
1990). In this paper, I consider intersubjectivity in a slightly weaker sense than
Wertsch’s, since there is no way for two people to fully know whether they have come to
a shared meaning (Lerman, 2000; Schegloff, 1991). Despite this difficulty, in
conversation people are constantly checking to see that they do have some basic shared
meaning, and initiating conversational repairs when it becomes clear that they have been

misunderstood (Schegloff, 1991). Intersubjectivity is not just a matter of agreement in a
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group — recent research in mathematics education have shown that students must develop
some sense of intersubjectivity even to disagree with one another (Nathan, Eilam, & Kim,
2007).

Intersubjectivity is of particular concern when considering cooperative learning in
mathematics because student explanations play a central role in group work. If students
are focused on their own mathematical explanation, rather than the hearer’s
understanding, then the cooperative learning process may be hampered (Ross, Haimes, &
Hogaboam-Gray, 1996). Further, considering intersubjectivity may shed some light on
issues of equity in mathematics learning because of the cultural and social component of
communication, as I describe below.

Breaches in intersubjectivity may occur around classroom processes, as when the
teacher has a very different view of desired behavior or interactions than students do, or
when students have different views from one another. For example, Ballenger (1999)
discussed how, as a white middle-class teacher, she did not initially understand her
Haitian pre-schoolers’ interpretations of her classroom practices, nor did they understand
hers. Lubienski discussed how her use of mathematics word problems was understood
differently by her middle-class and her working-class students (2002). De Haan and
Elbers (2005) present examples from intermediate mathematics classes in the
Netherlands, in which Dutch-born students predominantly had one set of normative
practices that they considered appropriate for group work — “helping” without directly
“telling” or giving the answer away — while the immigrant students had another set of
normative practices — “telling” without withholding information from one another. These

three cases provided examples of breaches in intersubjectivity related to appropriate ways



IDEAS AND IDENTITIES
14

of speaking and interacting within a community. While breaches in intersubectivity may
occur between even the closest of friends or family members, these three examples
highlight that in some cases, these breaches may occur because participants are from
different cultural communities, and draw on different repertoires of practice (K. D.
Gutierrez & Rogoff, 2003) for making sense of their interactions.

These sociocultural and situated theories of learning, with an emphasis on identity
development as well as the role of talk in mathematical content learning, will serve as a
guide for the remainder of this paper. The goal of this review is to understand how
various classroom social ecologies make space for students to participate in mathematical
discourse practices and to be positioned as competent. Throughout, I will revisit the
question of fairness and equity as I review empirical research on cooperative learning in
mathematics, and discuss what is known about structuring equitable opportunities to
learn, as well as open questions that deserve attention from the field.

Interaction, mathematics learning, and equity

Educational research on the use of cooperative groups has tried to explain why
some groups and some activities are more effective than others. A natural first place to
look is at the kinds of interactions that groups engage in. A tacit assumption in much of
this research is that the classroom context affects the way the group members interact
with one another, and that these interactions lead to learning. This connection is

illustrated in Figure 1.
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Figure 1: Context, interaction, and learning in cooperative groups

CONTEXT

The square box to the left represents a number of factors that can collectively be
described as context. I am purposely using the vague term 'context' at this point because
different researchers and different paradigms of research have focused on different
aspects of the 'surround' of group work. For the purposes of this review, I use context to
refer to the aspects of the cooperative learning situation that the teacher could affect or
modify. These include the type of task, the types of rewards, the resources available, etc.
‘Interaction’ rests inside ‘context’ to represent the idea that the appropriate unit of
analysis is the person-in-context. The link between the two ovals for interaction and
learning represents the position that from sociocultural perspectives, participation and
learning are tightly connected.

In addition to highlighting the underlying assumptions of much of the research on
cooperative learning, Figure 1 serves as an organizer for this review. The bulk of research
on cooperative learning has either focused on how various group interactions support
learning, or on how classroom contexts support learning. Very few studies have provided
rich descriptions of the context, student interactions, and investigated learning outcomes
as well. As a result, in this section I will focus first on research that analyses the link(s)

between various kinds of group inferactions and mathematical learning (in terms of
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positioning and mathematical content). That discussion will lead to the following section,
in which I use research about interaction and learning to discuss how cooperative
contexts can be structured to support equitable opportunities to learn.

Interaction and learning: focus on ideas

I begin by considering empirical studies that focus on how group interactions lead
to various learning outcomes. These studies are the empirical counterpart to the earlier
theoretical discussion about the link between social interaction and learning. On the
question of which kinds of group interactions lead to greater learning gains, the answers
have been mixed. Some results include the following.

Quantity of interaction does not matter for individual success. In one experimental
study in which groups solved word puzzles, researchers found that just observing a video
of groups interacting was enough to help individuals be more successful — they didn't
have to interact with others directly (Olivera & Straus, 2004). (Although this study does
not concern learning of mathematical concepts, I include it here because of the contrast
with findings of other studies.)

Quantity of interaction matters for individual success. A number of studies in
mathematics and other content areas have found that any type of on-task talk can help
one to succeed (Bianchini, 1999; Cohen & Lotan, 1997). These studies are based on
Complex Instruction (CI), an instructional paradigm that includes collaborative work on
ill-structured problems, and specific kinds of teacher interventions to encourage
participation of all students. Studies taking the CI approach have repeatedly shown that
rates of on-task participation are positively correlated with achievement gains. Some

studies specific to mathematics have demonstrated that the CI approach can be fruitfully
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adapted to mathematics, though these studies did not include analyses linking student
interaction rates with achievement (Boaler, In press; Boaler et al., 2006; Boaler &
Staples, In press).

Quality, not quantity of group interaction matters for individual success. An
equally impressive number of studies in mathematics have shown that rates of on-task
participation are not always positively correlated with achievement gains (Webb, 1991;
Webb & Palincsar, 1996). Instead, specific kinds of interaction — sometimes referred to as
‘processes’ — may be necessary to support learning. Some specific processes that have
been associated with increased achievement include asking questions (A. King, 1991),
discussing problem-solving strategies (Chizhik, 2001), observing someone else’s
problem-solving strategies (Azmitia, 1988), teaching a peer (Schwartz & Okita,
Submitted for publication), resolving a disagreement or conflict (Buchs, Butera, Mugny,
& Darnon, 2004; Johnson, Johnson, & Smith, 2000) and explaining one’s thinking
(Fawcett & Garton, 2005; Nattiv, 1994; Webb, 1991). Asking questions without
receiving answers has been shown to have a negative effect on achievement (Webb &
Mastergeorge, 2003).

Group interactions are successful chiefly because they prepare students for future
learning. Several studies in science education have argued that the key benefit of
cooperative learning may be that it lays the groundwork for future learning from lectures,
worked examples, or other forms of more didactic instruction (Howe, McWilliam, &
Cross, 2005; Howe, Tolmie, & Rodgers, 1992; Schwartz & Martin, 2004). These studies
suggest that cooperative learning works best when embedded in a larger pedagogical

strategy that includes lectures, textbooks, or other authoritative learning resources. They
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reinforce the need to elaborate on the role of cooperative learning in the social ecology of
the classroom, and its relationship to other classroom practices and tasks.

Joint attention and taking up correct ideas are what matters for group success. In a
study of high-achieving boys jointly solving complex mathematical tasks, Brigid Barron
(2000, 2003) found that group variation in achievement could not be explained by
variation in the individual achievement levels of group members. Differences in group
achievement were a result of the variation in social organization, rather than in varying
access to the knowledge required to solve the problems. Successful groups were more
likely to take up correct ideas, and to maintain joint attention, through attending to one
another's behavior, sharing group artifacts, and responding directly to one another's ideas.
In the less successful groups, students were more likely to talk past or ignore one another,
and to hoard the group's resources. These findings demonstrate the importance of
attending to between-person processes of interaction, which cannot be reduced to counts
of individual behaviors (Sawyer & Berson, 2004).

The varied empirical findings listed above seem to support the general theoretical
proposition that gaining intersubjectivity helps a group develop mathematical reasoning
and practices. For example, the finding that having one’s questions answered by the
group tends to help one learn, while having one’s questions ignored does not, supports
the idea that comparing ideas and coming to know the mathematical practices of other
group members (intersubjectivity) can help students develop their understanding of
mathematical concepts. Further, the ‘joint attention’ that Barron emphasized is a key

component to intersubjectivity. The research findings are therefore in line with
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expectations derived from theoretical accounts of learning. The implication is that groups
where students work towards intersubjectivity with their peers are more equitable.

However, there are some direct contradictions within the findings that require
explanation; one set of studies says that any type of interaction should lead to learning,
while another says that only specific kinds of interactions will do so. Cohen (1994)
argued that the seeming contradiction rests in the social and cognitive demands of the
task. She asserts that success on complex, ill-structured tasks requires different group
interactions than success on more routine or procedural tasks. For example, in ill-
structured or complex problems, students can benefit from hearing several different
solutions (all of which may be correct) and arriving at intersubjectivity by considering
how the solutions are the same or different (Yackel, Cobb, & Wood, 1999). On rote or
procedural tasks, students might be encouraged to strictly follow a procedure without
considering alternatives, so a different set of interactions might be appropriate — some
even argue that group work is inappropriate for such tasks (Phelps & Damon, 1989). In
the set of studies cited above, there was no single way to define a successful learning
experience. Since the studies had different measures for success, it makes sense that
different sets of interactional behaviors would lead to different successful outcomes
(Mercier, 2008). More work is needed to identify which kinds of classroom ecologies
support which kinds of learning interactions and outcomes, as well as which kinds of
interactions lead to which kinds of success.

A second issue to raise with this set of studies is that they emphasize the
importance of talk, while downplaying the possibility that children can learn from

observation and listening (Hatano & Inagaki, 1991). Quantitative studies that count turns
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at talk, and qualitative studies that rely on audio-recordings or transcripts, cannot
distinguish whether silent students are engaged or disengaged. While I would argue that
silent students miss the opportunity to bring the group to an intersubjective
understanding, it is important to study the successful learning strategies of silent students.

Returning to the question of equity, several of the studies cited above noted trends
about who had access to valued forms of participation. The studies in CI classrooms
reported that students who they call ‘high-status’ do most of the talking, and learn more
than other group members. Webb (1984) and Mulryan (1992, 1995) found that in their
samples, boys tended to initiate discussions more than girls did, and high-achieving
students controlled group sessions while low-achieving students behaved more passively
(Mulryan, 1994; Webb, 1989). These findings demonstrate that if analyses of group
interactions do not attend to positioning and identification, they cannot fully address
equity issues in mathematical cooperative work.

Interaction and learning: focus on identity

A sociocultural lens on learning pushes us as researchers to consider interactions
more broadly than just the content that is conveyed through talk, gesture, observation,
etc. As people interact within collective practices, their interactions serve to position
themselves and others as specific kinds of people, and these positionings have
affordances and constraints for their participation (Gee, 2000). Since mathematics
education has traditionally been dominated by cognitive psychology, a discursive or
identity-based approach to understanding learning has not been well-represented in the

research literature until recently (Kilpatrick, 1992; Lerman, 2001). While a full review of
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this approach to mathematics education research is not feasible here, I will sketch recent
developments as they relate to mathematical group work.

It has been repeatedly shown that in mathematics, as in other subject areas,
students with more experience and identification with mainstream or dominant practices
tend to be privileged in classroom discourse (C. D. Lee, in preparation; Lubienski, 2002;
Nasir, Rosebery, Warren, & Lee, 2006). In other words, students who come to school
already speaking the school Discourse(s), and behaving as teachers expect, are provided
more opportunities to learn than their peers. These privileged students are often white,
middle-class students whose first language is English. Often, those who do not embody
these privileged ideals are positioned as deficient and difficult to teach, and report that
their teachers do not seem to care whether they learn mathematics (Walker, 2006). In
addition, while a gendered achievement gap has greatly diminished in K-12 schools
(Tate, 1997), many students still report that mathematics classrooms are masculine-
dominated spaces (Mendick, 2005; Rodd & Bartholomew, 2006).

One hallmark of reform mathematics classrooms is that teachers try to build on
their students’ prior understandings and experiences, by allowing students to invent
strategies for solving problems, and by using familiar contexts in which to pose problems
(NCTM, 2000). These strategies can also have the effect of positioning students’ home
and community practices as valuable resources for learning (Bishop, 2001). Many
successful urban students of color report that their success comes through their own
agency and effort, but relying on informal collaboration and support with neighbors,
family, and friends from their communities (Ainsworth-Darnell & Downey, 1998;

Martin, 2000; Walker, 2006). There have been several innovative and successful
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classroom interventions that have attempted to formalize such collaborations and support
systems by bringing them into the classroom, and building on students’ home and cultural
community practices (Civil, 2007; Gonzalez, Andrade, Civil, & Moll, 2001; Gutiérrez,
2002; K. D. Gutierrez & Rogoff, 2003; Nasir, Rosebery, Warren, & Lee, 2006).
However, these strategies may be unsuccessful if the teacher does not understand the
strategies that marginalized students bring (Ball, 2002), or lacks familiarity with students’
communities and so cannot use these contexts. In addition, teachers may not recognize
students’ competence in mathematical discourse practices if students are not fluent
speakers of (academic, mathematical) English (Moschkovich, 2002).

The foregoing discussion shows that students’ positional identities — and the way
these identities are reified, produced and reproduced in classroom contexts — influence
their experiences in mathematics classrooms. A second consideration with respect to
identities and mathematical learning is the ‘identity work’ that non-mainstream students
must do in order to be perceived as successful mathematics students. Mathematics reform
efforts are based on the assumption that students should form positive mathematical
identities as knowers and doers of mathematics. For students of color, girls, working class
students, and others who are not always positioned as mathematically competent,
considerable work must be done to merge their positive academic identifications with
their identifications with other social communities, or to fluently participate in these
multiple and sometimes very different Discourses (Buxton, 2003; Lucey, Melody, &
Walkerdine, 2003; Martin, 2000).

There are at least two questions of interest in considering how identity

development relates to mathematical learning in cooperative groups. The first is a
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question of gatekeeping: does a person’s or group’s identity influence the nature of
mathematical content learning available to them? I will discuss several approaches to
answering this question: from considerations of classroom status to positioning, and
considering student characteristics such as race, gender, and prior or perceived
achievement levels.

The second question of interest concerns identity development itself: paralleling
the earlier discussion about how group interactions lead to content learning, I examine
how interactions (in which social ecologies) allow for the development of positive
mathematical and social identities. Proponents of cooperative group work often argue that
working in groups helps students take on classroom authority by becoming less
dependent on the teacher (see, for example, many of the chapters in Sharan, 1999). The
problem is that these identity-related shifts are not often documented or studied. There is,
however, a small body of work that considers how mathematics students develop
competent positional identities through specific cooperative pedagogies, and I will

discuss these further below.

How identities influence mathematics learning in group work

In this section, I consider research related to how students’ social identities
influence the nature of learning in cooperative group work. There have been a number of
different approaches to addressing this question. I should note at the outset that I do not
address research that attempts to answer the question ‘is cooperative learning good for
boys/girls/students of color/English language learners’ and so on. As Walshaw (2005)
points out, some have argued that girls inherently are more cooperative than boys and

should fare better with group work (Becker, 1995). Similarly, some have argued that
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African American students’ cultural learning styles are suited to joint sense-making
activities in cooperative-based mathematics classes (Berry, 2003). One meta-analysis of
several studies of cooperative learning in elementary contexts found that ‘peer-assisted
learning’ was most effective with young, urban, low-income, ‘minority’ students
(Rohrbeck, Ginsburg-Block, Fantuzzo, & Miller, 2003). These generalizations are
controversial, though, and the literature contains many counter-examples (see, e.g.,
Chizhik, 2001; Mulryan, 1995). Rather than focusing on this type of research, that
usually treats cooperative learning as a black box and does not investigate the nature of
group interactions, others have argued that it is more helpful to examine specifically what
about social interactions in mathematics might support learning for these students, rather
than assuming it is ‘in their nature’ to enjoy them or benefit from them (Lopez-Reyna,
1997).

Therefore, I consider research in this section that focuses on how socially
constructed identities play out in contexts of collaboration. The first research paradigm
that I consider focuses on group composition, in an effort to outline how students can be
most equitably grouped together. Features of group composition that have been
extensively studied have included gender (e.g., single-gender group vs. mixed gender
groups (Mulryan, 1992)) and prior achievement (e.g., investigating the optimal mix of
‘high,” ‘mid’ and ‘low’ achieving students). Race is less frequently studied. These studies
of group composition are difficult to interpret without more information about the
classroom social ecologies that frame group activity. Consider the following set of

findings.
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In terms of gender composition, a typical finding was that groups with a gender
balance between boys and girls tended to achieve at higher rates than groups that were
single-gender or that were unbalanced (e.g., one girl and three boys). Again, the
achievement data was found to be a result of the interaction styles of the groups, in which
girls were marginalized (even in groups where they were the majority) (Webb, 1984).
Despite this finding, it is clear from other research that it is possible for girls to work out
relatively comfortable ways to participate and learn in mathematics classes, from
kindergarten through graduate school (Rodd & Bartholomew, 2006). That being said, in
contexts where mathematical success is associated with masculinity, girls must either
construct ways to be mathematically successful while also maintaining conventional
femininity (Mendick, 2005), or construct more masculine identifications.

Studies of friendship are similarly inconclusive. Many students prefer to work
with friends, and may be more likely to disagree and to work through disagreements
(Azmitia & Montgomery, 1993; Strough, Berg, & Meegan, 2001; Zajac & Hartup, 1997).
However, the students sometimes report that they prefer to work with acquaintances or
strangers, and not close friends (Mitchell, Reilly, Bramwell, Solnosky, & Lilly, 2004;
Walker, 2006). To some degree, the optimal group composition (friends or non-friends)
probably depends on the task and the people involved.

Research that compares different grouping schemes based on prior achievement
has also produced a number of contradictory findings. One study, as reported in Webb's
(1984) meta-analysis of research on group composition, found that groups of four high-
achieving students often had relatively low levels of participation, and therefore lower

achievement than they might have had in other types of groups. In a later study, also
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published by Webb and colleagues (Webb, Nemer, & Zuniga, 2002), this finding was
called into question, as she reported that high-achievers tended to do well when grouped
together homogeneously, and sometimes did well when grouped with low-achievers.
Low-achievers uniformly had higher achievement when grouped with high achievers. A
third study of high-achievers in group work found that they had similar achievement
gains regardless of whether they worked with high- or low-achieving partners (Carter,
Jones, & Rua, 2003).

Despite the conflicting findings, these studies demonstrate that any configuration
of groups will benefit some students more than others, which raises a question regarding
‘fairness.” Would it be fair to group high achievers together, knowing that this would
support their learning the best? Or, would it be fair to group them with low-achieving
students, in an effort to support the low-achievers and perhaps narrow gaps in
achievement? On the other hand, if low-achievers are marginalized in group work (as in
Baxter, Woodward, & Olson, 2001; L. H. King, 1993), perhaps they should be grouped
together, to provide more opportunities to engage in mathematical discussion, rather than
just copying the work of their high-achieving peers.

The issue is complicated further by the fact that in many school districts, low-
achieving students are disproportionately underserved working-class and poor students of
color (J. Lee, 2002). As a thought experiment, imagine a classroom in which the white
students were higher-achieving than the students of color. Would an anti-racist approach
to teaching group students of color together for solidarity, or divide these students up so

that they would be taught by their white peers? An appropriate course of action, to best
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support the learning of ‘all students,’ is as much political as empirical, and will depend
on one’s values for equity in education.

Setting aside the difficulty in determining which kinds of grouping might be more
equitable, a second difficulty in interpretation arises from studies in this paradigm. Most
research in this area does not discuss the social ecology of the learning environment. It is
therefore difficult to understand whether the findings about optimal group composition
would hold across a variety of cooperative learning settings. These studies additionally
often take the social categories (e.g., race, gender) for granted, and do not consider how
these positions are constructed in interaction. Gender, race, socioeconomic status and so
on are always produced and reproduced locally, so local variations can affect the impact
of these social categories on student interactions and identities (Erickson, 2004).
Therefore these studies cannot support the conclusion that, for example, ‘mixed gender
groups are better.” More research is needed to understand how various cooperative
pedagogies influence group interaction, and how and when these interactions influence
social categories such as race, gender etc. In other words, the classroom context and
activities should be considered an independent variable, and the local construction of
race, gender, friendship, and other categories, dependent.

A second research paradigm that has considered how social identities influence
learning in interaction has tried to generalize about these identity-related constructs, and
focuses instead on classroom status. Arising out of a sociological tradition, this type of
research focuses on how student characteristics (including socially constructed categories
like race, gender, class, as well as variables like perceived ability and popularity) may

affect how students are perceived by their group and how students interact within the
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group (Berger, Cohen, & Zelditch, 1972; Bianchini, 1999; Boykin, 1986; Chizhik, 2001;
Cohen, 1982; de Abreu, 1995; Dembo & McAuliffe, 1987; McAuliffe & Dembo, 1994).
The idea is that group interactions are influenced by members’ status characteristics —
characteristics of a person that are “differentially evaluated in terms of honor, esteem, or
desirability” (Humphreys & Berger, 1981, p. 955) such as race, gender, educational
attainment, and so on.

This area of research is built upon expectation states theory (Berger, Cohen, &
Zelditch, 1972), a sociological theory of status that models how individuals construct
expectations for one another’s competence in activity. They argue, and demonstrate
empirically, that in many situations, a group will act as if higher status people are more
competent than lower status people. Expectation states theory further argues that people
tend to ‘add up’ status characteristics to determine who has the highest status (Shelly &
Troyer, 2001); as a corollary, they argue that increasing the number of potentially
relevant status characteristics can act to mitigate the influence of any one characteristic.

Classrooms are different from experimental studies in a number of significant
ways, not the least of which is that students in a cooperative classroom often work with
peers every day. Therefore, some have argued that status characteristics that are dominant
in laboratory experiments with participants who have never met (e.g., race, gender,
position of authority as in (Cohen, 1982)), are less important in the classroom. In fact,
Cohen, Lotan and their colleagues have argued that a combination of ‘popularity’
(roughly, number of friends) and ‘perceived ability’ (the number of people who name one
as smart) — are the most important status characteristics in a classroom (e.g., Cohen &

Lotan, 1997). In an impressive number of studies, including but not limited to
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mathematics classrooms, it has been shown that high status students tend to dominate
classroom discussions, and ultimately learn more through their group interactions (see,
e.g., Bianchini, 1997, 1999; Cohen & Lotan, 1997; Cohen, Lotan, Scarloss, & Arellano,
1999; Lotan, 2003; Perrenet & Terwel, 1997).

These studies call into question the practice of heterogeneous grouping. The
dominance of high-status group members may seriously undercut the goal for low-status
students to also develop self-reliance, authority, and positional identities within
mathematical Discourses. Teachers will have to confront this issue in their pedagogical
strategies, and make difficult decisions about who should be advantaged in their classes.

While the work on the influence of status characteristics is promising and has
been successfully replicated in a variety of classrooms, there are several problems with
drawing too heavily on status or expectation states research. One underlying assumption
of expectation states theory is that participants all believe that some group members are
more capable than others. There are alternative explanations. For example, if some type
of stereotype threat had been activated, then African American students or girls might
participate less in mathematical discussions, not because they believe themselves to be
less competent, but because they expect to be evaluated in ways that reinforce
undesirable stereotypes (Steele, Spencer, & Aronson, 2002). We should be wary of
assertions that all participants in a situation are acting on the same beliefs.

Further, there is little empirical support for the notion that one can ‘add up’ status
characteristics. In cooperative work, groups must deal simultaneously with conceptual
demands, task demands (i.e., how to satisfy the teacher’s requirements for an

assignment), and social demands (C. W. Anderson, Holland, & Palincsar, 1997; Barwell,
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2005). There may be more than one status continuum at play, with varying effects on the
group’s interactions (Esmonde & Langer-Osuna, 2007).

Finally, although several studies have found that popularity and perceived ability
are the most important factors determining classroom status, and that race and gender do
not add explanatory value to their models (Bianchini, 1997; Cohen & Lotan, 1997), that
does not mean that race and gender are not connected to classroom assessments of status.
Mathematics learning is a racialized experience (Martin, 2006), and students’
assessments of popularity and perceived ability can be associated with race, gender, class,
etc. A critical unresolved question of status research is, zow and why do status
hierarchies form in the classroom, and what are the factors that help some students be
positioned as more competent than others?

How identities develop through group work

In addition to considering how identities influence group interactions, it is also
important to consider how group interactions influence positional identities. When
working together in some cooperative contexts, group members may over time develop
relatively static roles within the group (Hogan, 1999). This process is not always conflict-
free, especially when students of different backgrounds hold different values about how
to structure the group’s joint work practices (de Haan & Elbers, 2005; R. Stevens, 2000).

Because development of positioning and identity have been understudied with
respect to mathematical cooperative learning, there is little written about how different
kinds of classroom environments or group tasks allow for different kinds of positioning.
One particularly interesting case has been the adaptation of Complex Instruction to

secondary mathematics classes (Boaler, In press; Boaler et al., 2006; Boaler & Staples, In
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press). These studies indicate that in a California high school using the CI approach,
students gradually changed their ideas about who was ‘good at math.’ In a comparative
sample at a nearby high school, students had no trouble dividing their peers into
categories (that is, positioning them): those who were good at math, and those who were
not. By contrast, students who used Complex Instruction positioned more of their peers
as ‘good at math,” and emphasized that there are a number of different ways to be good at
mathematics. These broad perspectives on mathematical competence increased the
number of positive positional identities available to students. These broadened notions of
competence were accompanied by achievement gains that were much larger than those in
schools with more traditional curricula.

The field needs more research into positional identities, how they emerge in
varied cooperative learning contexts, and how these positions are related to the
classroom’s social ecology (Erickson, 2004). Research on Complex Instruction has
managed to combine attention to positioning as well as to interaction around
mathematical ideas, to show that high status students tend to talk more than their peers
and consequently learn more mathematics. It will be important to continue research in
this vein as a way to make connections between classroom social ecologies, the
interactions that they foster, and the kinds of positional identities that are made available
to students.

Relevant research questions include: How are positioning and group interaction
styles related, and what are the implications for equity? In what contexts are students who
are positioned as peripheral offered opportunities to explain their thinking, get detailed

answers to questions, and so on? And how are both positioning and interaction related to
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broader social categories like race, gender, socioeconomic status, language and Discourse
communities and so on?

Summarizing research on interaction, mathematics learning, and equity

Evidently, there are still many open questions that would inform the research
community’s understanding of how group interactions in mathematics classes lead to the
development of mathematical ideas and identities. The foregoing discussion has
emphasized the importance of considering both ideas and identities together when
examining cooperative group interactions. As reported above, a series of studies has
highlighted that some ways of interacting are more likely to lead to meaningful
mathematical learning than others. Explaining one’s thinking, getting a detailed response
to one’s questions, maintaining joint attention, and guiding a group’s problem-solving
process, all tend to support mathematical learning. However, in many cases not all group
members are able to engage in these valued interactions, perhaps because of their
positions or identifications within the group.

To work towards a fair distribution of opportunities to learn, teachers must
consider not only the kinds of valued interactions that they want students to engage in,
but also how students are positioned as mathematics learners, and students’
identifications with mathematical Discourses. Students’ positional identities, perhaps
especially with respect to their mathematical competence, influence the way they interact
with their peers. In diverse classrooms, students who are considered low-achieving by
their teachers and peers, girls, working-class students, and students of color, may be
marginalized and prevented from engaging in meaningful sense-making discussions with

their groups. A critical question for any educator to face is how best to support the
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learning of all students through group work, when providing opportunities for some
students may become obstacles for others.

In some classroom contexts, students who are positioned as more competent than
others guide the group’s work, while others wait to be told what to do (Esmonde,
Manuscript submitted for review). The group focuses on achieving intersubjectivity with
the ‘expert’ student, rather than putting all their ideas together and building on everyone’s
prior understanding. In other contexts, teachers have been able to equalize differences
between students, allowing for more equitable participation in group discussions and
mathematical learning. In the next section, I consider research that focuses on how
contexts shape group interactions (or in some cases, how contexts shape achievement) to
provide more equitable opportunities to learn for their students.

Context, mathematics learning, and equity

Teachers designing cooperative activities for their classrooms can structure these
activities in many ways. It is important to consider context (or, the social ecology of
classroom learning) because otherwise, there is a risk of blaming students who are
disadvantaged by group work. The role of the teacher in structuring opportunities to learn
during group work is critical (Yackel, Cobb, & Wood, 1991), and in this section I discuss
how to structure mathematics cooperative learning to minimize inequity. There are
several dimensions of classroom context that have been extensively studied. Figure 2
opens up the box labeled ‘Context’ in Figure 1 and lists several of these dimensions:
content of the group task; status; group composition; training, scripts and roles; and

assessments and rewards. Each of these factors influences both the ideas that are at play
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in group interaction and the positional identities that are made available to group
members.

Figure 2: Contextual factors influencing group interaction

CONTEXT

Content of
group task

Status

INTERACTION

Group
composition

Identities and
Ideas

Training,
scripts and
roles

Assessment
and rewards

I have already referred to several techniques in the foregoing discussion,
including structuring group composition so that students interact with one another
productively and so that each student is in a group that will help them to learn. I will not
repeat the discussion of these techniques here.

Eliminating status differentials to promote equity

There are two status interventions recommended by the CI research community
(Bianchini, 1997, 1999; Cohen & Goodlad, 1994; Cohen & Lotan, 1997; Lotan, 2003).
Both are based on expectation states theory, and the idea that if multiple status
characteristics are in play, then the effect of any single characteristic will be diminished.

The first intervention is called the ‘multiple ability treatment.” CI tasks are
complex, often ill-structured tasks (that is, tasks with no clear solution strategy and

sometimes, no ‘correct’ answer). The multiple ability treatment consists of publicly
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stating that there are many different skills required for success on the task, and that no
one student has all of these skills, but each student has at least one. This emphasizes that
all students in the group are necessary for success. In addition, researchers recommend
that teachers explicitly describe some of the necessary skills. This will help students to
see that competence is multi-faceted, and that no one student can accomplish the tasks
alone.

There is evidence that in classrooms with broadened notions of competence, more
students may find ways to participate in meaningful ways. In a compelling example from
a high school mathematics class, several students in a group distinguished between
‘understanding’ and ‘being good at explaining’ (Esmonde, Manuscript submitted for
review). Making this distinction allowed some students to contribute to the discussion,
saying that they understood how to solve a problem, but were struggling to explain.
These students were positioned as both competent and struggling, and were given
opportunities to try to explain the mathematical ideas that they admitted were confusing
to them.

The multiple abilities treatment intervention may be difficult to employ with a
more traditional mathematics curriculum, one that emphasizes mathematical procedures
and skills and where students may not be convinced that multiple abilities are necessary
for success. It may also be difficult to convince students with a traditional mathematics
background that mathematical competence involves more than speed and calculation.
Changing students’ positioning and beliefs about mathematics and smartness may take

time and persistence on the part of teachers (Boaler & Staples, In press).
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The second CI intervention is called ‘assigning competence’ and is used as the
teacher circulates around the classroom, observing group interactions. When a teacher
observes that a particular student is being marginalized, but has an important contribution
to make, the teacher publicly positions that student as competent, and explicitly names
the academic contribution they make to the group. It is important that the teacher name an
academic contribution (e.g., “your idea is really important and your group should think
about that”), rather than simply a social or behavioral one (e.g., “you’re sitting nice and
quietly”) to encourage other students to recognize the marginalized student’s
competence. The central participation of lower-status students in a group actually benefits
the whole group, who then have the opportunity to compare identities, correct errors, and
come to a deeper understanding of mathematical concepts (Webb, Nemer, & Zuniga,
2002).

This intervention may be difficult to carry out if teachers do not spend enough
time observing their students, or if teachers struggle to recognize mathematical
competencies in marginalized students. Further, this intervention depends on a student
attempting to make a contribution, being denied by groupmates, and being recognized by
the teacher. If a marginalized student refrained from contributing to the mathematical
task, the teacher would not be able to employ this intervention. What may be needed,
instead of or in addition to this intervention, are techniques for reformulating student
interactions as on-task, competent, and mathematical rather than oppositional and off-task

(Hand, under review).
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Using roles, scripts and training to promote equity

Another technique, used in Complex Instruction but also used more broadly, is to
assign students particular roles in group work. These roles may be procedural (e.g.
materials manager, recorder), cognitive (e.g., questioner, summarizer), or interpersonal
(e.g., vibe-watcher, mediator). Assigning cognitive or sociocognitive roles to students
helps to make explicit the teacher’s goals for the group’s mathematical talk. For example,
when students in the ‘audience’ of a presentation are given explicit roles (that include
asking questions, making sure the presenters have given an accurate model, etc), they
may begin to view listening to a presentation as a time to actively participate, rather than
waiting for the teacher to make an assessment (Herrenkohl, Palincsar, DeWater, &
Kawasaki, 1999).

In reciprocal peer tutoring (Fantuzzo, King, & Heller, 1992), Scripted
Cooperation (O'Donnell et al., 1990), ASK to THINK-TEL WHY (A. King, 1997), and
reciprocal teaching (Brown & Palincsar, 1989) students take turns explaining. While their
peer explains, the listener’s role varies. They may be asked to check for mistakes, or to
ask probing questions. These roles provide all students the opportunity to contribute to
the group’s mathematical discussion, preventing the discussion from being dominated by
a few.

Some procedures for assigning roles are designed to position all students as
competent and necessary for group success. In jigsaw activities, for example, each
student in a group has the opportunity to become an expert on a topic that the other group
members know nothing about (Aronson & Bridgeman, 1979; Clarke, 1994). Each student

is then responsible for helping their peers learn about their topic; this builds in
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interdependence between students, because they need one another in order to learn. It
also helps to position each student as ‘smart’ or as an expert in some way.

In Complex Instruction, procedural roles are assigned to students in an effort to
both offload some of the managerial responsibilities from the teacher onto students, and
to help offset some of the status differentials in the group (Bianchini, 1999). Bianchini
recommends that roles should rotate within the group, but that low-status students should
be given relatively high-status roles early on. She also urges teachers to monitor groups
to make sure these low-status students are allowed to fulfill their roles.

When done well, assigned roles may help students to be positioned as positive
contributors to the group process. However, students do not always enact the roles as the
teacher would like (Bianchini, 1999), or adopt the desired cooperative behaviors (C. W.
Anderson, Holland, & Palincsar, 1997; Ross, Haimes, & Hogaboam-Gray, 1996), and so
constant monitoring, reinforcement, and encouragement may be required. Especially if
students are accustomed to working individually, or competing for scant resources
(grades, positive feedback) in the classroom, they will need assistance in learning how to
support one another’s learning (Johnson & Johnson, 1991).

An alternative to roles and scripts is to teach effective cooperative learning
techniques before beginning group work (see, e.g., Farivar & Webb, 1994; Gillies &
Ashman, 1998). This approach has had mixed results. Some have found that training may
have little effect (Ross, Haimes, & Hogaboam-Gray, 1996), whereas others have shown
that it may increase student achievement in cooperative activities (Ashman & Gillies,
1997; Kelly, 2002; A. King, 1991, 1994). Ross’s qualitative analysis of the group training

process (Ross, 1995) demonstrated that while initial training may be valuable, it should
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be coupled with an ongoing process of feedback and reflection to help students improve
their cooperative interactions. Finally, one study found that training had a greater effect
on the participation and achievement of African American and Latino/a students than it
did for White American students (Webb & Farivar, 1994). More in-depth qualitative
studies are needed to determine what type of training or education might help promote
helping behaviors, and in which classroom contexts, for which students.

Training, roles and scripts, can each be seen as moves towards equity because
they provide scaffolding for all students to participate in the valued discourse practices of
academic mathematics, and to support competent positional identities for all group
members. By using these techniques, teachers make their expectations explicit, a move
associated with culturally responsive classroom management (Weinstein, Curran, &

Tomlinson-Clarke, 2003).

Designing mathematical content that supports equity

Mathematics pedagogies are influenced by the teacher’s and the students’ beliefs
about what mathematics is, how it should be taught, and how it is best learned.
Traditional skill-oriented mathematical tasks may encourage relatively procedural
interactions between students, whereas more open-ended mathematical tasks may open
up more possibilities for meaningful engagement in the group. In research on cooperative
learning in mathematics, examples of cooperative tasks have ranged from basic
mathematics computations (Fantuzzo, King, & Heller, 1992), to word problems with
fairly procedural solutions (Webb, Farivar, & Mastergeorge, 2002), to open-ended tasks
(Chizhik, 2001). There is often little discussion of how the task itself influences the

findings (though Chizhik’s work is a notable exception).
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Some of the early studies of cooperative learning used mainly procedural
arithmetic tasks, and seemed to make the "tacit assumption... that knowledge consists of
facts and procedures to be mastered, and that more knowledgeable children can serve to
help less knowledgeable children master the facts and procedures" (Saxe, Gearhart, Note,
& Paduano, 1993, p. 117). By contrast, in mathematics as in other subject areas, many
have argued that students are best served by solving more ill-structured or complex tasks
(Cohen, 1994; Cohen & Lotan, 1997; Cohen, Lotan, Scarloss, & Arellano, 1999; Damon,
1984).

In the mathematics education research community, there is a growing consensus
that students should learn mathematical procedures and algorithms, but only as a part of
their mathematical education that includes deep conceptual understanding as well
(Schoenfeld, 2002). Tasks that allow for multiple entry points, multiple strategies or
solution paths, and even multiple correct answers, might allow all students in a
cooperative group to engage with the mathematics, and to be able to participate in
meaningful ways — explaining their thinking, asking specific questions, making
connections between different strategies (Yackel, Cobb, & Wood, 1991).

The influence of the task on group interaction was investigated in a carefully-
designed study that investigated participation and learning in two mathematical task
conditions: an open-ended problem with more than one correct answer, and a problem
with only one correct answer (Chizhik, 2001). In a task that had a clear procedure and
one correct solution, many groups structured work practices in which one student would
take the lead and tell the others how to solve the problem. There was little general

discussion, and very few group members had the opportunity to contribute. By contrast,
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in the more ill-structured task, the group jointly determined how to structure and then
solve their problem. In these groups, although one student did the bulk of the
‘explaining,” there was a lot of mathematical talk that was more than just asking
questions or explaining. Students negotiated ways of working together that were less
hierarchical and more collaborative. This study provides an interesting example of how
some tasks may be inherently more equitable — by providing more ways for students to
participate and be positioned as competent contributors to group success.

Of course, tasks may not be easily divided into procedural/rote or ill-
structured/complex categories. In a study contrasting two kinds of activity structures in
three high school mathematics classes, it was found that the same task might be taken up
differently in different groups, with some groups approaching the task as if it were a
problem to figure out and solve, while others approached it as if there were a procedure
to follow (Esmonde, 2006). Thus, although the selection of ‘group-worthy’ tasks (Lotan,
2003) is an important consideration for teachers, these tasks need to be accompanied with
pedagogical techniques that encourage exploration and explanation, rather than only

procedures and memorization.

Assessment and group rewards that promote equity

Slavin (1996) argues that the most critical consideration for effective cooperative
learning is student motivation. Students have to be motivated not only to do the work, but
also to do the work fogether. Many studies of cooperative learning have focused on how
best to structure classroom activities to enhance student motivation, and therefore
achievement (see, e.g., Fantuzzo, King, & Heller, 1992; Ginsburg-Block & Fantuzzo,

1998; R.J. Stevens & Slavin, 1995). When interdependence is built into activities, groups
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tend to engage in more communication and consensus-building (Straus, 1999). Activity
structures that incorporated group rewards (to support interdependence) and individual
accountability were found to be most consistently effective (for a review of this literature,
see Slavin, 1996).

However, these studies tend to describe only the context and the achievement
outcomes, and to treat both motivation and participation as 'black boxes' (Bossert, 1988-
1989). They do not measure directly how task structure affects motivation, or how either
task structure or motivation affects participation. They do not discuss the kind of
mathematical tasks that students engaged in. Some have argued that this type of activity
encourages rote learning rather than deep conceptual understanding (Damon, 1984). As a
result, these kinds of activities may foster inequitable positioning in the group, where
some students are positioned as competent teachers, others as less capable (as described
in Esmonde, Manuscript submitted for review). This inequity may become exacerbated
when students feel there is not enough time for them to complete the task, or if they are
being graded for correctness, rather than for a positive group process (Esmonde &
O'Connor, 2008).

The question of how to assess learning in cooperative classrooms has also proved
to be controversial. Slavin’s method calls for groups to be assessed by the progress of
individuals within the group, but for some types of activities, like group projects or
presentations, calling attention to individuals may actually undercut the emphasis on
cooperation and joint sense-making. Individual assessment can encourage students to
value their own learning more than that of their peers, but group assessments can allow

students to ‘free ride’ and let the rest of the group do the work (Wilczenski, Bontrager,
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Ventrone, & Correia, 2001). Proper assessment of group and individual learning remains

an unresolved issue in the field.

Summarizing research on contexts, mathematics learning, and equity

This review of status, roles and scripts, task content, assessment and rewards has
covered a broad swath of research on cooperative learning. In an area of research that is
marked by divergent theoretical and empirical paradigms, the above review has
necessarily been disjointed because the studies do not always focus on the same issues or
provide the same amount of detail. It is hard to compare a study of 3" grade students
working once in pairs on a set of rote arithmetic problems, with a study of middle school
students working in groups of four in a mathematics class based on problem-based
learning, in which their mathematical goals emerge and are not known in advance.
Although there is already a wealth of research on the use of cooperative learning in
mathematics classrooms, still more is needed if we are to integrate all the concerns that
have been raised across the different studies. At the very least, each study should provide
enough detail about each of the four dimensions discussed here, so that they can more
easily be compared and contrasted with one another.

Despite this complexity, there are still a number of generalizations that can be
made at this point. In the long term, helping students to see that mathematics is more than
just speedy calculation, and that each group member has something important to offer the
group, can lay the groundwork for equity. Eventually, all students can be positioned as
competent, allowing them to move towards central participation in mathematical
practices. This is most easily done with tasks that are chosen carefully, to empirically

demonstrate to students that each one of them is ‘smart’ and necessary to the group (i.e.,
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group-worthy problems). Explicitly providing roles or training to students can help
students to assume positions of authority in the group, and to explicitly teach students
about valued discourse practices. Assessments should be thought through carefully, given
the controversy of the topic, in ways that further support group collaboration.

While the studies cited above deal with many aspects of classroom context, there
are several understudied areas. For example, although group work is often recommended
to support the learning of English-language learner students, there have been few
research studies that explicitly focused on how best to structure these activities so that
ELL students are positioned as competent and necessary to their group success.
Supporting students’ first language use in mathematics learning is another recommended
strategy (Echevarria, Vogt, & Short, 2000). Gutierrez (2002) provides compelling
examples of classrooms in which bilingual students used multiple languages in group
work. More such studies could help illuminate which cooperative learning structures and
contexts are most beneficial for ELL students.

A second gap in the research concerns one dimension of context that teachers do
not typically have control over: the composition of their classrooms. Equity issues that
arise in classrooms that are relatively homogeneous are different from those that arise in
diverse classrooms. There is little research about whether particular techniques or
cooperative activity structures are best suited to particular groups of students. While
some have argued that culturally relevant pedagogy seems like ‘just good teaching’
(Ladson-Billings, 1995) and what is necessary for some students is probably beneficial
for all (Hitchcock, Meyer, Rose, & Jackson, 2002), there are particular issues that arise in

classrooms in which privileged students mingle with marginalized students.
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For example, consider a classroom in which the students who come to be
positioned as most competent are mostly or all White, English-monolingual, middle-class
students. In my view, in such a classroom, a teacher’s responsibility towards equity
would include challenging the privilege of these students, and making space for students
of color, working class students, and ELL students. Which pedagogical techniques should
be used in this case? Consider, by contrast, an urban classroom in an underfunded
neighborhood school, serving all African American students. In such a classroom,
although a teacher might have a responsibility to provide equitable opportunities to learn
to all students, the learning environment would not be complicated by the presence of
more privileged students. As a third example, consider a classroom in a selective private
school, including only children of a very wealthy, elite, mostly White population. What
issues of equity arise in this case, and how can principles of multicultural education be
applied here? The classroom composition, and beyond that, the place of that particular
classroom in that school and in the wider educational landscape should be a subject of
further research in this area.

A third aspect of context that is often ignored is student experience with group
work. Collaboration is learned, and is situated in the practices of a particular community
(Barron et al., 2007). The training studies, as well as studies of how status shifts over
time, emphasize the fact that group processes change over time (Gillies, 2000; Gillies &
Ashman, 1998). Students with more experience in group work tend to benefit more from
it (Veenman, Denessen, van den Akker, & van der Rijt, 2005). Yet most research studies

do not report how group work develops, and treat snapshots of classroom activity as
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representative of group work at all times and contexts. It would be useful to get a sense of
how classroom social ecologies support the development of collaborative skills.
Future directions for research on equity and cooperative work in mathematics

I began this review with a set of questions about how the structure of cooperative
learning in mathematics classrooms might support equity in terms of the distribution of
opportunities to learn. In making sense of the vast body of research on mathematics
learning in cooperative groups, I illustrated how the social ecology of the classroom
supports particular kinds of group interactions, leading to particular kinds of learning
outcomes. I also emphasized the need to consider learning in terms of access to
mathematical ideas as well as mathematical and social identities. While in general the
research findings support the notion it is more equitable when groups work towards
intersubjectivity and position all students as valuable contributors, there were several
important gaps in the research.

While some studies were quite detailed in outlining the types of mathematical
tasks and activity structures, the classroom reward structure, and teacher efforts at
positioning students with competence, others were less so. There is still a need for
research into how various classroom ecologies support particular kinds of engagement
with mathematical ideas and identities. At this point, the field could benefit from long-
term ethnographic studies in classrooms where students regularly engage in cooperative
work. In real classrooms, students frequently know one another well, and groups may not
always be matched by gender or prior achievement. Groups work on a range of tasks —
from computational to conceptual — with a range of rewards — individual, group, or some

combination of the two. As in any interaction, students manage the social space and the
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mathematical space simultaneously. Thus, real classrooms do not often fall into the
categories so cleanly delineated in the literature. Such studies could begin to unpack
some of the complexity of the relationships between the contextual dimensions described
in the literature, and also focus closely on the relationship between individual, group, and
classroom-level shifts in collective practices.

In addition, about the ecological approach suggests the importance of studying
how social categories from beyond school (e.g., race, gender, socioeconomic status)
mingle with categories that are constructed within schools (e.g., ability groups,
popularity, sometimes friendship) and influence the nature of group interaction. It may be
the case that different pedagogies are appropriate for different kinds of classrooms. For
example, issues of status (and positioning) in a relatively homogeneous classroom of
white middle-class students may play out very differently than they would in a highly
heterogeneous classroom in terms of race, socioeconomic status, and prior achievement.
Too much of the research on cooperative learning seems to assume that all learners and
all classrooms are created equal.

A third area that I have suggested for future research was the connection between
access to mathematical ideas and positive positional identities. While in interaction, the
mathematical talk serves to position students, and acts of positioning often concern
mathematical ideas, the relationship between positioning and content learning is not
clear. If teachers wish to support more equitable group work in their mathematics
classrooms, would their efforts be rewarded more by working on positioning, helping

students learn to gain intersubjectivity with their group, or some combination?
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Finally, although this review has focused solely on the classroom setting and
defined equity as a fair distribution of opportunities to learn, these ideas should be
viewed in connection to broader issues of equity in schools and society. Not only do
students of color disproportionately attend inner-city schools plagued with a lack of
resources (Kozol, 2005), but within diverse schools, students of color and students with
low socioeconomic status are frequently assigned to Special Education classes, placed in
low-track classes, or otherwise deemed incapable of performing highly (Lucas, 1999;
McDermott, Goldman, & Varenne, 2006; Oakes, Joseph, & Muir, 2003). Teacher beliefs
about their students play a prominent role in what they do in their classrooms (Rousseau
& Tate, 2003), as do contextual factors such as time, curriculum available, and teacher
professional development (Rousseau & Powell, 2005), and there is ample evidence that
what teachers do matters quite a bit for student achievement, persistence, and processes
of positioning and identification (Perry, 2003). In mathematics education, all of these
aspects of schooling, and the relationships between them, need to be taken into account if

we are to make real progress towards equity.
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Footnotes

1.

Equity in educational contexts is complex and multi-faceted, encompassing
differences in resources, quality of instruction, and differences in outcomes
(Allexsaht-Snider & Hart, 2001). There are multiple factors that influence these
outcomes, including teacher beliefs and actions, classroom processes, school-level
structures such as tracking and course-counseling, and community-level issues. In
this review, I focus on the classroom level and cooperative group work because
cooperative learning is often used as a way to move towards equity in educational
outcomes and processes. I return to broader definitions and questions about equity
in the discussion section.

It is important to note here that by ‘participation,’ I do not mean talk, although
talk is empirically often the simplest thing to observe. While talk is a valued form
of participation in many mathematics classrooms, there may be other valuable
forms of participation that are less visible.

Gee uses Discourse (with a capital D) to distinguish it from the term discourse
(lower case d) that is often used to refer simply to talk, divorced from other
communicative modalities (e.g., gesture) and from the social meaning emphasized
by Gee. I will use a lower case d when referring to research that emphasizes

properties of talk only, and a capital D when following Gee’s definition.



