Journal of Urban Mathematics Education
December 2010, Vol. 3, No. 2, pp. 34—46
©JUME. http.//education.gsu.edu/JUME

RESPONSE COMMENTARY

Engaging Students in Meaningful
Mathematics Learning: Different
Perspectives, Complementary Goals

Michael T. Battista
The Ohio State University

Recently, the question “Where’s the mathematics in mathematics education
research?” has been raised in Kathleen Heid’s (2010) editorial in the March
2010 issue of the Journal for Research in Mathematics Education (JRME) and in
a research symposium at the 2010 National Council of Teachers (NCTM) Re-
search Presession (the symposium panelist were Deborah Ball, Guershon Harel,
Patrick Thompson, and myself; Jere Confrey was the discussant). In this issue of
JUME, Danny Martin, Maisie Gholson, and Jacqueline Leonard (2010) provide a
commentary on this question. As a panelists at the Research Presession, I respond
to Martin et al.’s commentary here. After a brief preface, I address disagreements
that I have with Martin et al.’s commentary, and then I address some of the issues
within alternative perspectives.

Preface: There’s Always an Interpretative Bias

I accept that the critical theory approach of deconstructing accepted realities
can lead to important insights. For instance, consider the September 29, 2004
news story in The Boston Globe:

WASHINGTON — The Supreme Court agreed Tuesday to decide when governments
may seize people’s homes and businesses for economic development projects, a key
question as cash-strapped cities seek ways to generate tax revenue.

At issue is the scope of the Fifth Amendment, which allows governments to take pri-
vate property through eminent domain, provided the owner is given “just compensa-
tion” and the land is for “public use.”

Susette Kelo and several other homeowners in a working-class neighborhood in New
London, Connecticut, filed a lawsuit after city officials announced plans to raze their
homes to clear the way for a riverfront hotel, health club and offices. The residents
refused to budge, arguing it was an unjustified taking of their property. (Yen, 2004)
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A deconstruction of this story that provides a different perspective than that
of the journalist’s is as follows: “One group of rich and powerful people [the jus-
tices of the Supreme court] will decide if smaller groups of locally powerful peo-
ple [local governments] can force less powerful people [ordinary citizens] to sell
their property.” The original perspective presented in the news story is based on
cultural concepts that socially and mentally, but implicitly, take as given certain
kinds of relationships between people, privileging some people over others.
Within the social institution we call “government,” referring to some groups of
people as the “Supreme Court” or “local governments” gives these groups special
powers and makes their actions and pronouncements seem unassailable. A similar
theoretical lens can be used to view all of our social institutions.

But in using critical theory, it is important to be mindful that maintaining
any interpretive perspective on the world, including a critical-theory perspective,
necessarily creates an interpretative bias. For instance, consider the following
claim by Martin et al. (2010):

Heid’s (2010) commentary and question, as well as the symposium summary and
Harel’s aforementioned statement, are not neutral (Blair, 1998). They are political
statements and represent particular stances and positions on the value and production
of knowledge. They should be acknowledged, recognized, and deconstructed as such
(2010, p. 13).

Consistent with a critical theory perspective, Martin et al. (2010) seem to
use the term “political” to connote some hidden, but explicit, agenda to disenfran-
chise certain groups of scholars. However, disregarding Harel’s (2010) and Heid’s
(2010) intentions (which I do not know), I believe that a critical theory perspec-
tive is biased against accepting the notion that not every researcher statement of
beliefs about the nature of mathematics education research should be construed as
political in a manipulative sense.' For instance, I believe that it is important to
maintain a distinct identity for the field of mathematics education research, a field
that struggled for identity at its inception, and is struggling again to find a role in
the political battles for control of the education system in this country. But it
would be a mistake to construe my statement as political in the sense that I wish
to exclude certain kinds of scholarship from the field. I believe that it is legitimate
and expected for researchers to debate what the identity should be for mathemat-
ics education research, and I believe that this identity will naturally and necessar-
ily change, grow, and mature over time. Furthermore, I contrast my “non-

" Even if we expand the meaning of “political” to apply to the situation described by Martin et al.
(2010), as the Oxford English Dictionary definition below indicates, it is not clear that the term
should have a negative connotation in the sense Martin et al. are claiming: “1. Of, belonging to, or
concerned with the form, organization, and administration of a state, and with the regulation of its
relations with other states” (Oxford English Dictionary, online at http://www.oed.com/).
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political” belief with intentionally political attempts to disenfranchise scholars in
mathematics education as in the work of the National Mathematics Advisory
Panel (2008).

Despite my disagreement with several claims made by Martin et al. (2010),
as described below, I view their comments as important cautionary and evolution-
ary arguments about our field. While I may disagree with some of the tenets of
critical theory, I agree that “this research can make, and is making, positive con-
tributions to the identity of mathematics education research” (p. 16).

Disagreements and Alternative Perspectives

Before I provide alternative perspectives to some of the issues discussed in
Martin et al.’s (2010) commentary, I note several disagreements. First, [ am not a
researcher who has, as Martin et al. argue, a “concern ... regarding the lack of at-
tention to mathematics” in mathematics education research. I actually do not
know why I was asked to be a panelist at the Research Presession symposium. I
suspect I was chosen because my research, which investigates cognition, never-
theless has a strong focus on mathematics. However, as I will outline below, I be-
lieve that many kinds of research have much to say about the overall task of
educating children in mathematics. For instance, research on motivation, although
not specific to mathematics education, is most certainly relevant for the big pic-
ture in mathematics education. Thus, although I believe that the field of mathe-
matics education research needs its own identity, I also believe that many other
fields of research that do not focus specifically on mathematics are extremely
valuable to mathematics education. Furthermore, because these other fields of re-
search are important to mathematics education, it is natural that mathematics edu-
cation research expands to include sustained efforts of researchers to apply these
fields to mathematics education.

Second, as Martin et al. (2010) continue their discussion, they state:

The implications for such exercises of power, under the auspices of an institutional
and organizational entity such as NCTM, are profound, as they have the potential to
marginalize scholarship within particular areas of focus as well as marginalize schol-
ars who devote themselves to this work. Young scholars and graduate students are
particularly vulnerable if the subtext of these statements is on pursuing what is val-
ued in the field. (pp. 13-14)

Clearly the amount of marginalization of scholars’ work varies greatly with the
local context. For instance, in my experiences with several universities’ colleges
of education tenure and promotion deliberations, candidates’ whose scholarly
work was broader than mathematics education, being for example well positioned
in more general American Educational Research Association contexts, actually

Journal of Urban Mathematics Education Vol. 3, No. 2 36



Battista Response Commentary

had enhanced chances for tenure and promotion. And in my work on various
NCTM committees, members constantly and consciously sought inclusion of
scholars whose areas of expertise focused on just the issues that Martin et al. rep-
resent—actions oriented toward inclusion not marginalization. Furthermore, spe-
cial issues of journals, like the special issues of JRME on equity, are designed to
highlight work, to bring its importance to the forefront. So publishing in special
issues does not marginalize authors—it seems to enhance their reputations as spe-
cialists (and preeminence of expertise is what tenure and promotion committees
look for during deliberations). Finally, almost any scholar’s research can be mar-
ginalized in some contexts. For instance, recently a well-known senior scholar
told me that he worried about receiving tenure in a department of educational
psychology because he conducted his research in schools rather than university
labs. And often, tenure and promotion committees in Research I universities de-
value scholarly articles written for NCTM’s “practitioner journals,” seemingly
disregarding the obligation that educational researchers should have to connect
their research with instructional practice.
Third, consider the following statement by Martin et al. (2010):

Mathematics, as a subject domain, is not acultural, without context or purpose, in-
cluding the political... yet many students perceive school mathematics to be a nar-
row set of rules and algorithms that have little or no meaning to their lives. Is this the
mathematics to which Heid, Harel, and, perhaps, the other panelists might be refer-
ring? Mathematics can also be a tool for understanding the world and, in the case of
marginalized students, it can aid in understanding the social forces that contribute to
their marginalization. (p. 14)

Even a cursory inspection of modern research in mathematics education would
highlight that the kind of mathematics that most mathematics education research-
ers strive to promote in students is the opposite of “a narrow set of rules and algo-
rithms that have little or no meaning to their lives” (p. 14). Indeed, to use
mathematics to understand the world requires that mathematics itself makes sense
to students. So most researchers in mathematics education focus on promoting
student understanding and sense making. Unfortunately, some mathematics cur-
ricula that strongly emphasize applications do not attend carefully enough to sup-
porting students’ mathematical sense making because they disregard research on
students’ construction of specific mathematical concepts and ways of reasoning. I
return to this point later.

In general, implicit in much of the discussion of Heid (2010), the Research
Presession Panel, and Martin et al. (2010), is the question: What is mathematics
education research? Instead of me dancing around this question, it is more forth-
right for me to reply. One answer is to say that mathematics education research is
research conducted by scholars with a Ph.D. in mathematics education. But some
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people who do research in mathematics education have Ph.D.’s in mathematics,
educational psychology, or cognitive psychology—so a definition based on de-
gree seems inappropriate. Another answer is that mathematics education research
is research conducted by scholars who know and build on the research in mathe-
matics education as represented in research journals dedicated solely to research
on mathematics learning and teaching.” Such research investigates a variety of
important questions about teaching and learning mathematics, and it uses a variety
of methods and theoretical perspectives. However, even this second answer leaves
related questions unanswered. First, even though I do not consider general re-
search on, for example, motivation, self-efficacy, and educational policy as
mathematics education research, such research is often invaluable to understand-
ing how students learn, and how we can teach, mathematics in schools. Second,
there is a whole body of valuable research conducted by cognitive psychologists
that, in general, seems to intersect little with mathematics education research as I
have defined it. Although I do not consider this research “mathematics education
research,” it is extremely unfortunate that most scholars in the two fields do not
interact regularly and productively. In some sense, then, maybe we are asking the
wrong question. Perhaps a better question is: What kinds of research is needed for
mathematics educators to understand and improve mathematics learning and
teaching?

Omari and Understanding Students’ Construction of Mathematical Knowledge

Martin et al.’s (2010) discussion of a Black student, Omari, seems like the
typical exercise of setting up a caricature “straw man” that is easy to knock over.
In this description, the caricature researcher “characterizes Omari’s misconcep-
tions as reflecting low cognitive ability” (p. 18). Construing Omari’s misconcep-
tions as reflecting low cognitive ability seems to me to ignore all that researchers
have discovered about mathematics learning in the last 3 decades. It is actually
much more likely that his difficulties are due to an impoverished curriculum and a
poor instructional environment than low cognitive ability. Martin et al. go on to
imply that Clements and Sarama’s statement, “although low-income children have
pre-mathematical knowledge, they do lack important components of mathematical
knowledge” (as cited in Martin et al., p. 18), is of the same ilk as our straw-
researcher’s statement. But in and of itself, what is wrong with their statement?
Given that research strongly supports the notion that instruction must build on

? Although the Journal for Research in Mathematics Education, Educational Studies in Mathemat-
ics, and the Journal of Mathematical Behavior are classic examples of such journals, I also include
journals such as the Journal of Urban Mathematics Education and the Journal of Mathematics
Teacher Education. Of course, mathematics education researchers also frequently publish in gen-
eral education research journals.
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students’ current ways of reasoning, Clements and Sarama’s statement suggests
that special care needs to be taken in thinking about the experiences instruction
must provide for certain children. Coupled with Clements and Sarama’s (2007)
success in promoting learning among disenfranchised students, I have difficulty
seeing the validity of this criticism.

Moreover, the inadequacies of Omari’s teacher are not limited to urban
school districts (although the prevalence of these inadequacies is higher in such
districts). For instance, one of my son’s teachers felt compelled to insert a note
into my son’s permanent school folder that he preferred to use non-standard com-
putational algorithms, which the teacher did not understand and therefore labeled
as strange and aberrant. I had helped my son discover these algorithms; he deeply
understood them; and later he used his understanding of these alternate algorithms
to fully understand traditional algorithms and related algebraic manipulations.
What may differ between my son and Omari is that I, well positioned in the com-
munity and education, could be a supportive advocate for him. Unfortunately,
such advocacy is often absent not only for students like Omari but also many
other students facing curricula that ignore their current ways of thinking about
mathematics. Having supportive and influential advocates can be especially im-
portant in obtaining the best educational opportunities for students who have been
traditionally disenfranchised (Berry, 2008).

Deficits versus Cognitive Plateaus

Martin et al. (2010) go on to say:

Content-focused studies that ignore or simplify the larger social context have often
helped to normalize these [deficit-oriented] constructions by suggesting, for exam-
ple, that poor and minority children enter school with only pre-mathematical knowl-
edge and lack the ability to mathematize their experiences, engage in abstraction and
elaboration, and use mathematical ideas and symbols to create models of their every-
day lives. (p. 20)

I will first deal with this statement directly, then put this and other relevant issues
in a wider context.

First, I believe that deficit-oriented perceptions of students’ mathematics
learning still predominate the world of mathematics teaching (especially so for
traditionally disenfranchised students). These perceptions exist despite mathemat-
ics education researchers’ total reconception of learning in terms of students’ con-
struction of knowledge. It is unfortunate, and for many students tragic, that this
view of mathematics learning still pervades the field of mathematics education.
Second, however, Martin et al.’s (2010) objection to characterizing students as
having “pre-mathematical” knowledge is inconsistent with modern, cognition-
based theories of mathematics learning. A common thread in these theories is that,
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before instruction, ALL students have pre-mathematical knowledge of mathemat-
ics topics that they are first learning (although the nature and amount of such ex-
perience varies). The point of modern learning theories is that effective instruction
helps students build on and transform their pre-mathematical knowledge into
more formal knowledge in personally meaningful ways. Indeed, the whole notion
of research-based learning progressions is founded on the idea that to effectively
support students’ learning of mathematical concepts and reasoning, instruction
must help students progress through a detailed cognitive terrain that consists of
many plateaus of increasingly sophisticated (often pre-mathematical) knowledge
and reasoning (Battista, 2001, 2010). Without knowledge of the cognitive steps
that students can and must take in moving from their intuitive to formal ideas,
students most often resort to rote memorization or withdrawal from learning. Giv-
en the importance of this issue, it is worthwhile to examine relevant research in
more detail.

How Do Children Learn Mathematics?

Current major scientific theories describing learning agree that students
must personally construct ideas as they intentionally try to make sense of situa-
tions (Bransford, Brown, & Cocking, 1999; De Corte, Greer, & Verschaffel,
1996; Greeno, Collins, & Resnick, 1996; Hiebert & Carpenter, 1992; Lester,
1994; National Research Council, 1989; Prawat, 1999; Romberg, 1992; Schoen-
feld, 1994; Steffe & Kieren, 1994). From a “constructivist” perspective, a stu-
dent’s mathematical “reality” is determined by the set of mental structures that the
student has constructed and is currently using to deal with mathematical problems
and situations. It is through these established structures, sometimes called frames,
that the student interprets and builds subsequent mathematical experiences. In
fact, these structures determine the very nature of those experiences: “Framing
provides a means of ‘constructing’ a world, of characterizing its flow, of segment-
ing events within this world. ... After becoming accustomed to a certain kind of
framing, the strip of reality interpreted accordingly appears for the individual as
natural, evident, and somehow logical” (Krummbheuer, 1995, p. 250; cf. Bruner,
1990). In particular, research in mathematics education has demonstrated repeat-
edly that students build new mathematics understandings out of their current rele-
vant mental structures (e.g., Battista, 2008; Battista & Larson, 1994; Bransford et
al., 1999; Cognition and Technology Group at Vanderbilt, 1993; Hiebert & Car-
penter, 1992; Mack, 1990; McCombs, 1993). Furthermore, students’ construction
of mathematics is enabled and constrained not only by internal cognitive factors
but by cultural artifacts such as language and symbol/representation systems; by
the social norms, interaction patterns, and mathematical practices of the various
communities in which students participate; by direct interactions with other peo-
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ple (including teachers); and by cultural backgrounds and contexts (Berry, 2008;
Bruner, 1990; Cobb & Yackel, 1995; De Corte et al., 1996; Tate & Rousseau,
2007). Also, “a learner’s motivation to learn and sense of self affects what is
learned, how much is learned, and how much effort will be put into the learning
process” (National Research Council, 2002, p. 126).

In the constructivist paradigm, selection of instructional tasks must be based
on knowledge of students’ mathematics (Steffe & D’Ambrosio, 1995); the choice
of tasks should be “grounded in detailed analyses of children’s mathematical ex-
periences and the processes by which they construct mathematical knowledge”
(Cobb, Wood, & Yackel, 1990, p. 130). And this finding is not restricted to ma-
thematics learning: “There is a good deal of evidence that learning is enhanced
when teachers pay attention to the knowledge and beliefs that learners bring to a
learning task, use this knowledge as a starting point for new instruction, and mon-
itor students’ changing conceptions as instruction proceeds” (Bransford et al.,
1999, p. 11). An abundance of research has shown that mathematics instruction
that focuses and builds on students’ personal sense making produces powerful
mathematical thinkers who not only can compute but also have strong concep-
tions of mathematics and problem-solving skills (Ben-Chaim, Fey, & Fitzgerald,
1998; Boaler, 1998; Carpenter, Franke, Jacobs, Fennema, & Empson, 1998;
Clements & Sarama, 2007; Cobb et al., 1991; Cramer, Post, & delMas, 2002;
Fennema et al., 1996; Hiebert, 1999; Muthukrishna & Borkowski, 1996; Silver &
Stein, 1996; Villaseiior & Kepner, 1993; Wood & Sellers, 1996, 1997).

A Framework of Mathematics Engagement

In my work in one middle school that could easily have been Omari’s, in an
attempt to examine the relevance of different perspectives and research paradigms
for the school system’s explicit goal of actively addressing the disparity between
minority and White students’ mathematics achievement and course taking, I de-
veloped a simple model of levels of student engagement in schools (think of the
levels as reference points on a continuum; see Figure 1). I was actually prompted
to develop this model based on a statement of a former teacher who was the
grandmother of a minority student in the school. She said:

The poorer students have been given permission to give up. We have lots of students
who have given up. They really don’t care. ... You can see that the children who are
failing are not engaged in the intellectual life of the school. They just tolerate; they
just sit.
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Level 0: Students Disengage from the Intellectual Life of School

Probably because of a mismatch between the goals and culture of school with
some students, some “drop out” of the intellectual activities in school and in-
volve themselves only in its social aspects.

Level 1: Students Engage in the Intellectual Life of School, but Disengage
from Mathematics Learning

Students attempt to involve themselves in academic aspects of school. But,
perhaps because of past failures, or because students see no relevance of
mathematics to their lives, students decide that doing well in, or even enroll-
ing in, mathematics courses is not important to their lives.

Level 2: Students Engage in Learning Mathematics as Memorization and
Mimicry, but Disengage from Mathematical Sense Making

Students do not find intrinsic value in learning mathematics. But because they
have embraced the overall academic values of school, they still try to get
good grades and enroll in appropriate mathematics courses. However, be-
cause traditional instruction has made personal sense making inaccessible for
most students, these students resort to memorization and mimicry as the pri-
mary focus of learning.

Level 3: Students Engage in Learning Mathematics as Sense Making
Students attempt to make personal sense of mathematics. They not only find
extrinsic, career-oriented value in mathematics but also intrinsic value in
learning mathematics.

Figure 1. Levels of engagement of students in mathematics learning.

Comments on the Model

1. Many general efforts to improve schooling focus on moving students
from Level 0 to Level 1, and many mathematics-specific efforts from Level 1 to
2. Successful programs for getting students to participate in school learning, and
learning mathematics in particular, are extremely valuable. However, many of
these programs inadvertently get students only to Level 2.

2. Level 2 engagement is extremely difficult to maintain over the long run
because mathematics is too complex to be learned by rote memorization. Also,
Level 2 engagement does not produce students competent in problem solving and
prepared for future learning. Almost all students involved at Level 2 will drop out
of mathematics as soon as they can because rote learning inevitably leads to fail-
ure. (But families and cultural contexts can affect how long students “put up with”
school activities that make little inherent sense to students.)

3. Students’ actual level of engagement and the level of engagement aimed
at by instruction can be very different. Some students are able to engage in
mathematics at Level 3 even if their instruction is focused on Level 2. Some stu-
dents involved in instruction aimed at Level 3 will engage in large parts of it at
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Level 2. Supporting Level 3 engagement of students requires a deep knowledge of
how students construct meaning for particular mathematical topics.

4. An important research question is whether there is a level between Levels
2 and 3. In this level, call it temporarily Level 2.5, students do not make full sense
of mathematics, but they use mathematics to investigate things that interest them.
This situation might occur in “applications” oriented curricula that are not firmly
founded on research-based learning progressions. I hypothesize that students at
this level make more than rote sense of the mathematics they learn, but they do
not make full sense of the underlying ideas. The major advantage of applications
focused curricula is that they may interest students more than traditional curricula
(although applications that interest adults are often not interesting to students).
The major drawback of this approach is that, because of the lack of learning-
progression guidance, students often do not fully understand the mathematical
ideas, so eventually they apply mathematical procedures in inappropriate situa-
tions (Battista, 2001). Indeed, the issue of whether mathematics is best learned in
an applications context (as is often emphasized in some reform and social justice
approaches), or in a carefully structured instructional context for gradually build-
ing on students’ cognitions (a learning progressions approach) has not been re-
solved. I am convinced by a significant amount of research that the latter
approach is quite effective (see aforementioned references). Furthermore, the
work of Marsh suggests that self-concept (which I believe is connected to per-
sonal sense making) is more important than interest in mathematics achievement
(e.g., Marsh, Trautwein, Ludtke, Koller, & Baumert, 2005). However, perhaps the
best approach is a blend of these two approaches.

What is important about the levels-of-engagement model is that it helps
place different kinds of research and educational programs in perspective—
different educators and researchers focus on different levels of engagement. They
do this based on their beliefs, their research interests, and their understanding of
student learning. By necessity, researchers often focus on small parts of the enor-
mous problem of educating students in mathematics because of the detail and care
needed to deeply investigate phenomena.

In my research, I focus mostly on Level 3. Why? Partly because of inter-
est—I find ALL students’ mathematical thinking fascinating. But more funda-
mentally, I believe that the strongest and most robust research we have in
mathematics education is that teaching that is based on research-based knowledge
of the development of students’ reasoning about particular topics in mathematics
produces better student achievement than teaching that does not. However, | am
certainly not unaware of the broader picture. It’s just that I believe that even if we
successfully engage non-engaging students in trying to learn mathematics, their
continued engagement depends critically on their being able to make sense of
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mathematics, and their mathematical sense making depends critically on instruc-
tion that is founded on research-based learning progressions.

The levels-of-engagement model also makes absolutely clear that research
on student engagement, motivation, self-efficacy, and identity—examined in
broader social contexts—is absolutely critical to research and practice in mathe-
matics education. The picture of Omari painted by Martin et al. (2010) presents a
critically important perspective that must be included in the overall research pro-
gram in mathematics education.

A Closing Thought

Determining how best to help all students learn mathematics is extremely
complex. So researchers, out of necessity, each focus on small parts of the prob-
lem. That does not mean that they consider other parts unimportant. Indeed, I be-
lieve that we are all working on the same problem, that our work is
complementary, but because the problem is so large and complex, we are working
on the problem from different perspectives, each doing our own part. There is no
one “right” perspective on this work, just different perspectives, each adding its
own set of insights.

References

Battista, M. T. (2001). How do children learn mathematics? Research and reform in mathematics
education. In T. Loveless (Ed.), The great curriculum debate: How should we teach read-
ing and math? (pp. 42—84). Brookings Press.

Battista, M. T. (2008). Development of the Shape Makers geometry microworld: Design princi-
ples and research. In G. Blume & K. Heid (Eds.) Research on technology in the learning
and teaching of mathematics: Cases and perspectives (Vol. 2, pp. 131-156). Charlotte, NC:
National Council of Teachers of Mathematics/Information Age.

Battista, M. T. (2010). Representations of learning for teaching: Learning progressions, learning
trajectories, and levels of sophistication. In P. Brosnan, D. Erchick, & L. Flevares (Eds.),
Proceedings of the 32nd annual meeting of the North American Chapter of the Interna-
tional Group for the Psychology of Mathematics Education, Columbus, Ohio.

Battista, M. T., & Larson, C. N. (1994). The role of the Journal for Research in Mathematics Edu-
cation in advancing the learning and teaching of elementary school mathematics. Teaching
Children Mathematics, 1(3), 178—182.

Ben-Chaim, D., Fey, J. T., & Fitzgerald, W. M. (1998). Proportional reasoning among 7th grade
students with different curricular experiences. Educational Studies in Mathematics, 36,
247-273.

Berry, R. Q. (2008). Access to upper-level mathematics: The stories of successful, African Ameri-
can middle school boys. Journal for Research in Mathematics Education, 39, 464—488.

Boaler, J. (1998). Open and closed mathematics: Student experiences and understandings. Journal
for Research in Mathematics Education, 29, 41-62.

Bransford, J. D., Brown, A. L., & Cocking, R. R. (1999). How people learn: Brain, mind, experi-
ence, and school. Washington, DC: National Research Council.

Journal of Urban Mathematics Education Vol. 3, No. 2 44



Battista Response Commentary

Bruner, J. (1990). Acts of meaning. Cambridge, MA: Harvard University Press.

Carpenter, T. P., Franke, M. L., Jacobs, V. R., Fennema, E., & Empson, S. B. (1998). A longitudi-
nal study of invention and understanding in children’s multidigit addition and subtraction.
Journal for Research in Mathematics Education, 29, 3-20.

Clements, D. H. & Sarama, J. (2007). Effects of a preschool mathematics curriculum: Summative
research on the Building Blocks project. Journal for Research in Mathematics Education,
38, 136-163.

Cobb, P., & Yackel, E. (1995). Constructivist, emergent, and sociocultural perspectives in the con-
text of developmental research. In D. T. Owens, M. K. Reed, & G. M. Millsaps (Eds.), Pro-
ceedings of the 17th annual meeting of the North American chapter of the International
Group for the Psychology of Mathematics Education (Vol. 1, pp. 3-29). Columbus, OH:
ERIC Clearinghouse for Science, Mathematics, and Environmental Education.

Cobb, P., Wood, T., & Yackel, E. (1990). Classrooms as learning environments for teachers and
researchers. In R. B. Davis, C. A. Maher, & N. Noddings (Eds.), Constructivist views on the
teaching and learning of mathematics. Journal for Research in Mathematics Education
Monograph Number 4 (pp. 125-146). Reston, VA: National Council of Teachers of Ma-
thematics.

Cobb, P., Wood, T., Yackel, E., Nicholls, J., Wheatley, G., Trigatti, B., & Perlwitz, M. (1991).
Assessment of a problem-centered second-grade mathematics project. Journal for Research
in Mathematics Education, 22, 3-29.

Cognition and Technology Group at Vanderbilt. (1993). The Jasper series: Theoretical foundations
and data on problem solving and transfer. In L. A. Penner, G. M. Batsche, H. M. Knoff, &
D. L. Nelson (Eds.), The challenge in mathematics and science education: Psychology’s re-
sponse (pp. 113—152). Washington, DC: American Psychological Association.

Cramer, K. A., Post, T. R., & delMas, R. C. (2002). Initial fraction learning by fourth- and fifth-
grade students: A comparison of the effects of using commercial curricula with the effects
of using the Rational Number Project curriculum. Journal for Research in Mathematics
Education, 33, 111-144.

De Corte, E., Greer, B., & Verschaffel, L. (1996). Mathematics teaching and learning. In D. C.
Berliner & R. C. Calfee (Eds.), Handbook of educational psychology (pp. 491-549). New
York: Simon & Schuster Macmillan.

Fennema, E., Carpenter, T. P., Franke, M. L., Levi, L., Jacobs, V. R., & Empson, S. B. (1996). A
longitudinal study of learning to use children’s thinking in mathematics instruction. Journal
for Research in Mathematics Education, 27, 403—434.

Greeno, J. G., Collins, A. M., & Resnick, L. (1996). Cognition and learning. In D. C. Berliner &
R. C. Calfee (Eds.), Handbook of educational psychology (pp. 15-46). New York: Simon &
Schuster Macmillan.

Harel, G. (2010). The role of mathematics in mathematics education research: Question for public
debate. Paper presented at the Research Presession of the annual meeting of the National
Council of Teachers of Mathematics, San Diego, CA.

Heid, M. K. (2010). Where’s the math (in mathematics education research)? Journal for Research
in Mathematics Education, 41, 102—103.

Hiebert, J. (1999). Relationships between research and the NCTM standards. Journal for Research
in Mathematics Education, 30, 3—19.

Hiebert, J., & Carpenter, T. P. (1992). Learning and teaching with understanding. In D. A. Grouws
(Ed.), Handbook of research on mathematics teaching and learning (pp. 65-97). New
York: Macmillan.

Krummheuer, G. (1995). The ethnography of argumentation. In P. Cobb & H. Bauersfeld (Eds.)
The emergence of mathematical meaning: Interaction in classroom cultures. (pp. 229—
269). Hillsdale, NJ: Erlbaum.

Journal of Urban Mathematics Education Vol. 3, No. 2 45



Battista Response Commentary

Lester, F. K. (1994). Musing about mathematical problem-solving research: 1970-1994. Journal
for Research in Mathematics Education, 25, 660—675.

Mack, N. K. (1990). Learning fractions with understanding: Building on informal knowledge.
Journal for Research in Mathematics Education, 21, 16-32.

Marsh, H. W., Trautwein, U., Ludtke, O., Koller, O., & Baumert, J. (2005). Academic self-
concept, interest, grades, and standardized test scores: Reciprocal effects models of causal
ordering. Child Development, 76, 397-416.

Martin, D. B., Gholson, M. L., & Leonard, J. (2010). Mathematics as gatekeeper: Power and privi-
lege in the production of knowledge. Journal of Urban Mathematics Education, 3(2), 12—
24, Retrieved from http://ed-osprey.gsu.edu/ojs/index.php/JUME/article/view/95/51.

McCombs, B. L. (1993). Learner-centered psychological principles for enhancing education: Ap-
plications in school settings. In L. A. Penner, G. M. Batsche, H. M. Knoff, & D. L. Nelson
(Eds.), The challenge in mathematics and science education: Psychology’s response (pp.
287-313). Washington, DC: American Psychological Association.

Muthukrishna, N., & Borkowski, J. G. (1996). Constructivism and the motivated transfer of skills.
In M. Carr (Ed.), Motivation in mathematics (pp. 40—-63). Cresskill, NJ: Hampton Press.

National Mathematics Advisory Panel (2008). Foundations for success: The final report of the
National Mathematics Advisory Panel. Washington, DC: U.S. Department of Education.

National Research Council. (1989). Everybody counts. A report to the nation of the future of ma-
thematics education. Washington, DC: National Academy Press.

National Research Council. (2002). Learning and understanding: Improving advanced study of
mathematics and science in U.S. high schools. Committee on Programs for Advanced Study
of Mathematics and Science in American High Schools. Washington, DC: National Acad-
emy Press.

Prawat, R. S. (1999). Dewey, Peirce, and the learning paradox. American Educational Research
Journal, 36, 47-76.

Romberg, T. A. (1992). Further thoughts on the Standards: A reaction to Apple. Journal for Re-
search in Mathematics Education, 23, 432-437.

Schoenfeld, A. C. (1994). What do we know about mathematics curricula? Journal of Mathemati-
cal Behavior, 13, 55-80.

Silver, E. A., & Stein, M. K. (1996). The QUASAR project: The “revolution of the possible” in
mathematics instructional reform in urban middle schools. Urban Education, 30, 476-521.

Steffe, L. P. & D’Ambrosio, B. S. (1995). Toward a working model of constructivist teaching: A
reaction to Simon. Journal for Research in Mathematics Education, 26, 146—159.

Steffe, L. P., & Kieren, T. (1994). Radical constructivism and mathematics education. Journal for
Research in Mathematics Education, 25, 711-733.

Tate, W. F., & Rousseau, C. (2007). Engineering change in mathematics education: Research, pol-
icy, and practice. In F. Lester (Ed.), Second handbook of research on mathematics teaching
and learning (pp. 1209-1246). Charlotte, NC: Information Age.

Villasefior, A. J., & Kepner, H. S. J. (1993). Arithmetic from a problem-solving perspective: An
urban implementation. Journal for Research in Mathematics Education, 24, 62—69.

Wood, T., & Sellers, P. (1996). Assessment of a problem-centered mathematics program: Third
grade. Journal for Research in Mathematics Education, 27, 337-353.

Wood, T., & Sellers, P. (1997). Deepening the analysis: Longitudinal assessment of a problem-
centered mathematics program. Journal for Research in Mathematics Education, 28, 163—
186.

Yen, H. (2004, September 29). High court weighs eminent domain: Conn. residents sue, question-
ing ‘public purpose.” The Boston Globe. Retrieved from
http://www.boston.com/news/local/connecticut/articles/2004/09/29/high_court_weighs_eminent_domain/.

Journal of Urban Mathematics Education Vol. 3, No. 2 46



