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Letter from the President

Welcome to the second Annual Conference of the Georgia Association of
Mathematics Teacher Educators! Isn’t it nice to reconvene in this wonderful weather
surrounded by the beautiful colors of fall at Rock Eagle? It's good to be here with all of
you. | am revitalized whenever | spend time with Georgia’s mathematics teacher
educators. | am amazed all over again at what impressive people you are and at your
tremendous commitment to mathematics education in Georgia.

We are fortunate to have a thought-provoking program again this year. Conference
Coordinator Sharon Taylor and her committee reviewed the proposals and have put
together a nice mix of research and practice-oriented sessions with presenters from
seven different institutions. Presenters include experienced, well-respected researchers,
as well as some researchers newer to the field. Thank you to Sharon Taylor and Susie
Lanier of Georgia Southern for their hard work on this exciting conference program.

Examine the proceedings you hold in your hands. We may be the only state-level
AMTE affiliate that publishes proceedings from our conference. Thank you to
Proceedings Editor Lynn Hart of Georgia State and her committee (Joy Black, West
Georgia College; Don Brown, Macon State College; Deborah Gober, Columbus State
University; Linda Nash, Clayton State University; Marvin Smith, Kennesaw University;
David Stinson, Georgia State University) for reviewing the papers and preparing those
selected for publication.

Skip Fennell's April 2008 message in the NCTM News Bulletin discusses validation
and makes the point that our work as teachers is validated by our long-term impact on
our former students. | have recently received unexpected validation about the work we
do because | have created a FaceBook page at the urging of one of my (yes, younger)
colleagues in English. | happened on a few former students from Stone Mountain High
School and many from Kennesaw State University. | have found (or been found by)
more students as those networks have grown. Reconnecting with those former students
has been unexpectedly rewarding and validating. Does any work other than teaching
provide such an opportunity to impact the lives of young people?

Whether or not you receive the appreciation you deserve daily, your validation is all
around us in the changes we have collaborated on in mathematics education in
Georgia: rigorous, evidence-based teacher preparation; more mathematics
understanding for teachers at all levels; and a rigorous, world class K-12 curriculum.

| am very grateful to have had the opportunity to serve you as GAMTE president. It
has been an honor and a pleasure! You will be in good hands under the leadership of
Cindy Henning, Blanche Pressley, and Linda Crawford, and our newly elected officers
Nikita Patterson, Don Brown, and Debbie Gober.

Thank you for all you do for mathematics education!

N ' P,
Y . XMW g~
) P

Lynn Stallrings
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Becoming Critical Mathematics Pedagogues: A Journey
David W. Stinson, Carla R. Bidwell, Ginny C. Powell, Mary M. Thurman
Georgia State University

dstinson@qsu.edu

Abstract

This session will report the findings of a study that explored the beginning transformations in the
pedagogical philosophies and practices of three mathematics teachers (middle, high school, and
2-year college) who completed a graduate-level mathematics education course that focused on
critical theory and teaching for social justice, and how these transformations are compatible (or
not) with reform mathematics education as suggested by the National Council of Teachers of
Mathematics (NCTM), and in turn, the new Georgia Performance Standards (GPS). The study
employed Freirian participatory research methodology; in fact, the participants were not only co-
researchers, but also co-authors of the study. Data collection included reflective essays, journals,
and “storytelling”; data analysis was a combination of textual analysis and autoethnography. The
findings report that the teachers believed that the course provided not only a new language but
also a legitimization to transform their pedagogical philosophies and practices away from the
“traditional” and toward a mathematics for social justice—a mathematics that is, indeed,
compatible with the reform movements of the NCTM and GPS.
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Becoming Critical Mathematics Pedagogues: A Journey

Since 1989 the National Council of Teachers of Mathematics (NCTM) has argued not
only for instruction in mathematical content standards, but also for instruction in mathematical
process standards (NCTM, 1989, 2000). The NCTM’s, and in turn, the Georgia Performance
Standards (GPS; see http://www.georgiastandards.org/math.aspx), recommendation of blending
content and process standards throughout mathematics instruction requires the development of a
different mathematics classroom—different from the “traditional” mathematics classroom found
in most U.S. schools (see Hiebert, 2003, for a discussion of the traditional curricula and
pedagogy in the mathematics classroom). In this different mathematics classroom, students are
no longer passive, empty depositories awaiting the teacher’s deposits—what Freire (1970/2000)
coined, “the ‘banking’ concept of education” (p. 72)—but are active co-creators of classrooms
“where students of varied backgrounds and abilities work with expert teachers, learning
important mathematical ideas with understanding, in environments that are equitable,
challenging, supportive, and technologically equipped for the twenty-first century” (NCTM,
2000, p. 4). These co-created classrooms, if desired, can set in motion a different mathematics
pedagogy—a mathematics pedagogy positioned within critical theory.

Just as the NCTM (and GPS) recommends, mathematics pedagogy positioned within
critical theory blends content and process standards throughout mathematics instruction in co-
created classrooms; it differs, however, in that critical mathematics pedagogy centers instruction
specifically around issues of social and political justice and reform (e.g., see Frankenstein, 1987,
1990, 1995; Gutstein, 2003, 2006, 2007; Gutstein & Peterson, 2005; Skovsmose, 1994, 2005). In
other words, knowledge and understanding of mathematics from the perspective of critical
pedagogy is understood as a means for student (and teacher) self-empowerment to organize and
reorganize interpretations of social institutions and traditions, and to develop proposals for more
just and equitable social and political reform (Skovsmose, 1994).

Although the concept of teaching for “social justice” is increasingly being emphasized in
teacher education programs as part of teachers’ overall “diversity” or “multicultural” initial
preparation or professional development (McDonald, 2007), there is much less emphasis on how
teaching for social justice—or critical pedagogy more generally—might be included in the
preparation and development of mathematics teachers. For the most part, the mathematics
education literature has reported the teaching practices of exemplar critical mathematics
pedagogues (e.g., Marilyn Frankenstein, Eric Gutstein, and Ole Skovsmose). There is a scarcity
of literature that has reported how mathematics teacher educators and/or programs might assist in
developing critical mathematics teachers who teach for social justice (e.g., see Bartell, 2005).

Therefore, the purpose of this study (briefly summarized here) was to explore the
transformations in the pedagogical philosophies and practices of three mathematics teachers
(middle, high school, and 2-year college) who completed a graduate-level, critical mathematics
education course that had the intended goal of assisting in the development of critical
mathematics teachers. The study, however, was not about “teacher change” per se; we
understand teacher change to be a complex endeavor (e.g., see Brown & Borko, 1992; Fennema
& Nelson, 1997). In other words, we acknowledge effective mathematics teacher change most
often occurs when teacher professional development opportunities are long-term, school-based
efforts conducted within a community of learners that provide teachers opportunities to grapple
with significant mathematics and to consider how students might engage with that mathematics
(Mewborn, 2003). However, like the NCTM Principles and Standards (2000), we believe that
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teaching is a continual journey; in that, effective teachers do not “master” teaching, but rather
find themselves in a continuous state of growth and change (Mewborn, 2003). Or, said in another
way, effective teachers find themselves in a continuous state of becoming.

Building upon Bakhtin’s concepts “ideological selves” and “ideological becoming,”
Gomez, Black, and Allen (2007) developed the idea of “‘becoming’ a teacher” (p. 2108). The
concept ideological self 'acknowledges individuals as socially determined persons who view the
world through a system of ideas that are mediated through language and experiences; whereas,
the concept ideological becoming positions socially determined persons within continual
conflicts and struggles as they come into contact with different ideological world views. Hence,
becoming a teacher, as described by Gomez et al., is a process that is never finalized or fixed but
rather a fluid process of continuous critical examination of self and students (and curriculum) in
which old ways of thinking and acting are disrupted and transformed into new ways of thinking
and acting—ways that hopefully are more ethical and just. It is within the context of becoming
that the following three questions guided the study: (a) How did the teachers’ beginning
transformations change (or not) their philosophies of mathematics teaching and learning? (b)
How did the teachers’ beginning transformations change (or not) their classroom teaching
practices? (c) How did the teachers’ beginning transformations change (or not) their students’
actions and learning?

Theoretical Framework

Critical theory provided the underlying theoretical framework for the study. The origin of
critical theory is associated with the Frankfurt School (circa 1920), which holds a Marxist
theoretical perspective: to critique and subvert domination in all its forms (Bottomore, 1991).
Included in these critiques is an examination of how social interests, conflicts, and contradictions
are expressed in thought and produced and reproduced in systems of domination (Bottomore,
1991). Critical theorists contend that an examination of these systems of domination will bring
about an awakening of consciousness and awareness of social injustices, motivating self-
empowerment and social transformation.

The concepts of self-empowerment and social transformation are reoccurring themes
found in the scholarship of a contemporary critical theorist, Paulo Freire (e.g., see 1970/2000).
Freire’s literacy scholarship (but not limited to literacy) advocates a critical, dialectical reading
of the word and world, so as to write the word to rewrite the world. It is his scholarship and his
popularization of the concept of conscientiza¢do—"learning to perceive social, political, and
economic contradictions, and to take action against the oppressive elements of reality” (Freire,
1970/2000, p. 35)—that provides, to a certain extent, the foundation for critical pedagogy. In the
most general sense, critical pedagogy supports pedagogical theories and practices that encourage
both teachers and students to develop an understanding of the interconnecting relationship
among ideology, power, and culture and rejects any claim to universal foundations for truth and
culture, as well as any claim to objectivity (Leistyna & Woodrum, 1996).

Critical pedagogy enacted in the mathematics classroom, by and large, adopts the
pedagogical theories and practices of critical pedagogy, while explicitly using mathematics as an
analytical tool for examining social injustices. Or more specifically, critical mathematics
pedagogy is teaching mathematics for social justice. Gutstein (2006) noted that teaching
mathematics for social justice has two dialectically related sets of pedagogical goals: one set
focuses on social justice and the other set focuses on mathematics. Building from Freire’s
literacy scholarship, the social justice pedagogical goals are reading the world with mathematics,
writing the world with mathematics, and developing positive cultural and social identities
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(Gutstein, 2006). The mathematics pedagogical goals are reading the mathematical word,
succeeding academically in the traditional sense, and changing students’ (and teachers’)
orientation to mathematics (Gutstein, 2006).

Method

Grounded in critical inquiry (Crotty, 1998) and participatory action research (Kemmis &
Wilkinson, 1998), the methodology employed in the study was Freirian empowering research
(Lather, 1986). The goal of Freirian research is to blur the distinction between research, learning,
and action by providing the researcher and the participants opportunities to collectively engage
in the struggle toward social justice; it encourages researcher-participant reciprocity, turning
participants into co-researchers (and in this case, co-authors as well) while providing the means
for researcher and participants’ se/f~empowerment (Lather, 1986).

The participants were selected from a group of 19 graduate students who completed a
graduate-level course (spring 2006) entitled Topics in School Mathematics Curriculum: Critical
Theory and Teaching for Social Justice. Three students were selected purposively as participants
in order that a mathematics teacher representing middle, high school, and college would be
included in the study. Data collection consisted of four artifacts written by the three participants:
two written assignments from the course, reflective response essays written 3 months after the
course, and autoethnographic “storytelling” narratives (Ellis & Bochner, 2000) written 9 months
after the course. The artifacts from the course were reading journals and academic essays
submitted by each participant. The third artifact, the response essay written 3 months after the
course, asked each participant to respond to the three research questions of the study.

The fourth artifact, written 9 months after the course, was an autoethnographic narrative
detailing each participant’s experiences in planning and implementing a specific mathematics for
social justice lesson within her respective classroom. Mary (middle school) and Carla (high
school) used data about the “race” of people pulled over by police. Students used bar charts, box-
and-whisker plots, and descriptive statistics to examine whether the data indicated racial
profiling had taken place. Ginny (2-year college) used historical minimum-wage data, and
students used regression to fit curves to the data and advocate for or against a raise in the
minimum wage, and its amount.

Discussion of Findings

Throughout the collective autoethnographic narratives and textual data, the three teachers
(i.e., participants, co-researchers, and -authors) articulated what it was like to attempt a new,
different kind of mathematics teaching, one based in critical pedagogy. But this is a journey, not
a destination. Mary, describing her critical pedagogical journey, declared: “Teachers must reflect
on where they have been to see where they are going” (Academic Essay). Carla wrote, “I am
trying to make the move toward a more democratic classroom where my students’ voices are
heard, their cultures have value, and everyone in the class is both a teacher and learner”
(Response Essay). Ginny articulated her journey as developing a new way of life rather than a
mere method of teaching: “Critical...[pedagogy] is about questioning everything, from the
foundations of mathematics itself to every practice and belief. It is a way of life rather than a
method of teaching. ...1 now find myself second-guessing everything | do, everything I plan,
even my word choice in real time as | stand before a class” (Response Essay).

As each teacher spoke about her journey, each also noted that she had begun her teaching
career with a more or less “traditional” belief structure about mathematics teaching and learning.
Over the years, however, as experienced mathematics teachers, with several years of teaching
experience, each had began to recognize that traditional practices were not working for every
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student—or for most students. Individually and collectively, they believed that their participation
in the critical theory and teaching mathematics for social justice course provided them with a
new language that assisted them in communicating and acting on what they were already
thinking about mathematics teaching and learning. Carla wrote, “I realize now that 5 years ago |
was already thinking like a critical theorist, I just didn’t have a clue what that was” (Response
Essay). Ginny echoed and extended Carla’s remark, writing: “I began to grow on my own toward
a more student-centered, equitable style, though I did not have the words for it or the feeling that
what | was doing was being done elsewhere or would be respected by others” (Response Essay).

Effectively, this new language brought confirmation to what the teachers were, through
their years of teaching experience, beginning to understand: “Unless educational methods are
situated in the students’ cultural experiences, students will continue to show difficulty in
mastering content area that is not only alien to their reality, but is often antagonistic toward their
culture and lived experiences” (Bartolomé, 1996, p. 249). Or said in another way, “the only
education that can have meaning is education that is personal and therefore political” (Lewis &
Simon, 1996, p. 261). In many ways, the teachers’ narratives demonstrate the benefits of
experiential learning, as advocated by Dewey (1938/1997). In each of the lessons, knowledge of
subject matter—in this case, mathematics—was used to examine or make better sense of the
sociopolitical lived experiences of the students (and teachers).

But it is not enough just to present problems based on something known to the students,
given that the teachers understood that a fundamental tenet of critical pedagogy is the need to
include both teachers’ and students’ voices and lived experiences in the learning process
(Leistyna & Woodrum, 1996). The challenge for critical pedagogues therefore is how critical
pedagogy might be employed to appropriate the more radical and useful aspects of contemporary
cultural studies in addressing the different social, political, and economic contexts that are
producing students, teachers, classrooms, schools, communities, and so on (Giroux, 1996). In
other words, the active participation, interest, reflection, and critical understanding(s) of those
taught—and those teaching—are necessary (Dewey, 1937/1987; Freire 1970/2000). The teachers
believed that the most satisfying part of teaching mathematics from a critical pedagogical
perspective was the conversations with and between their students. These conversations were not
only culturally relevant, but personally relevant, even provocative; thus, achieving an essential
aspect of social justice mathematics (Gutstein, 2006).

Each of the lessons planned and implemented contained both a personal and political
element for students. During Mary’s (middle school) and Carla’s (high school) lessons in
calculating basic statistical analyses of racial profiling data, students shared their personal
experiences, both orally and in writing, unveiling the social injustices that occur in their
communities—while doing mathematics (Stein, Smith, Henningsen, & Silver, 2000). For the
adults in Ginny’s (2-year college) class, most of whom had had some experience working for
minimum wage, the lesson planned to determine best-fit functions to minimum-wage data was
very personal and led into political discussions as midterm elections were approaching. Many
students were outraged upon realizing that the minimum wage had not changed in 10 years. In
co-created classrooms like these, where content and process standards are continually integrated,
the teachers argued, “once a fabric of relevance has been constructed, content learning naturally
follows” (Kincheloe & Steinberg, 1996, p. 189). Or said in another way, when teachers create
learning environments where students, especially those perceived as “low” performing, can
demonstrate their possession of knowledge and expertise, they then demonstrate ability and
competency (Bartolomé, 1996). In all three of the lessons, the teachers “tapped into” students’
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knowledge that led to them taking personal ownership of the projects—and most important, of
the mathematics.

In teaching for social justice, Freire (1970/2000) claimed, “The educator is the students’
partner as they engage together in critical thinking and a quest for mutual humanization” (p. 49).
Though their students may not have been aware of it, the teachers were engaged in the process of
learning as much as the students during the described lessons. The teachers noted that a
traditional mathematics classroom typically generates little “new’” knowledge for the teacher
who is often accustomed to a banking method of teaching (Freire, 1970/2000), but in the lessons
described, discussions revealed lived experiences and political opinions that presented both
students and teachers with new knowledge. The objective during the socially just lessons was the
production of students’ and teachers’ own ideas and values rather than the mere reproduction of
ideas and values of the dominant groups (Leistyna & Woodrum, 1996), and, most important,
using mathematics as a sociopolitical tool to justify and support these newly produced ideas and
values (Skovsmose, 1994). Through this new, different way of teaching, students and teachers
“develop their power to perceive critically the way they exist in the world with which and in
which they find themselves” (Freire, 1970/2000, p. 83).

Teaching mathematics for social justice however asks much of teachers—and students—
and it is not easy. Crotty (1998) claimed, and the teachers’ beginning transformations illustrate,
that with every action taken, the context changes and one must critique her or his assumptions
again and again. But the possible benefits of students and teachers engaging meaningfully with
mathematics and transforming into agents of change are worth the work. The teachers believed
that they, as well as their students, must “exercise the kind of courage needed to change the
social order where necessary” (Giroux & McLaren, 1996, p. 318). The teachers acknowledged a
choice between a pedagogy that accepts the status quo and a pedagogy that seeks to bring about
change (Crotty, 1998)—they were committed to choosing the latter.

Since completing the course, and teaching the social justice lessons described, the
teachers claimed that they continue to evolve as critical mathematics pedagogues. They actively
seek and encourage critical connections with other disciplines. They continue to use the tenets of
critical pedagogy in planning curricula, developing classroom environments, and establishing
channels of communications. In other words, they have become stronger facilitators of critical
mathematical discourse not only with their students, but also with their colleagues.

On the other hand, the teachers also conceded that their pedagogical philosophies had
changed faster than their practices—not an uncommon phenomenon among mathematics
teachers (e.g., see Wilson & Goldenberg, 1998). While they all agreed that their classes should
be more a conversation between teacher and students (Lerman, 2000) and move away from the
“banking” method, they found themselves mired in traditional practices. They noted many
constraints that often make it difficult to change their pedagogical practices:

At first | am always met with some student resistance as | encourage my students to

become independent thinkers as they work together to discover patterns and formulate

conjectures. (Mary’s Academic Essay)

My biggest challenge this semester, however, has not been teaching but convincing my

colleagues of what to teach and what not to teach. (Carla’s Academic Essay)

I am limited to single semester, single subject, strictly defined curricula. 1 am not easily

able to do some of the long-term projects. (Ginny’s Academic Essay)

Furthermore, Mary and Carla, as Pre-K-12 educators, experienced difficulties implementing
social justice lessons into their classrooms while at the same time undergoing state curriculum
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reform (i.e., GPS). Although each teacher discussed a specific constraint, each felt she had

experienced somewhat similar constraints that prevented her from making the change more

quickly. But then again, all three teachers also asserted that they would be diligent in developing

methods that overcome or undercut these constraints as they continue to establish the tenets of

critical pedagogy as integral components of their pedagogical philosophies and practices.
Conclusions

The study began with three questions in mind: how did exposure to critical pedagogy
begin a transformation (or not) of the teachers’ philosophies of mathematics teaching and
learning, their classroom teaching practices, and their students’ learning. With regard to their
philosophies, it is not so much that their philosophies changed, but that they now have a name
for what they were already thinking. And once it was named, their way of thinking gained
legitimacy in their eyes, as well as in others’ view. The teachers believed that they could stand
up proudly and proclaim themselves, through words and actions, as critical mathematics
pedagogues, rather than feeling insecure and keeping quiet.

The teachers” mathematics classroom teaching practices have definitely changed. Most
important, the teachers’ have been given a new “voice.” Each teacher felt as though she had
already begun a journey toward reform mathematics instruction, but again, critical pedagogy
gave her the words and the backing to put her ideas into action. Collectively, the teachers
provided specific examples of lesson plans created and implemented using critical pedagogy, but
mostly the teachers believed that there have been innumerable instances when their new critical
outlook has influenced their choice of words, their decision to allow a discussion to stray from
mathematics into something equally meaningful, and a generalized awareness of what was going
on in their classroom from more than just a mathematical perspective. The teachers said that their
classrooms have become more democratic, inclusive places, with class sessions moving toward a
conversation between teacher and students. And perhaps most important, the teachers believed
that they have an ongoing sense of constant change and improvement, very different from the
traditional idea of there being a “best practice” that a teacher should learn and use forever. In
short, each has a sense of becoming.

Their students’ learning also has been positively impacted; in that, the students too were
given a new voice through the use of critical pedagogy. The students became more engaged with
the mathematics and stayed on task during the mathematics projects. Students that normally did
not contribute were motivated to participate in classroom discussions. Communication outside of
the classroom was opened as well; they talked with their parents about the lesson, they came to
office hours, and they attended after-school tutoring sessions. These actions might have been
because they found the mathematical topics personally relevant and were able to connect it to
their studies in other classes.

For those who believe in the transformative power of critical pedagogy, the significance
of the study’s conclusions cannot be overstated. There are probably many mathematics teachers
out there, like the teachers of this study, afraid to pursue the ideas they have because they lack
the language and the legitimization; forced, through lack of knowledge, to reproduce the same
traditional mathematics pedagogy they themselves endured. If those teachers could be reached,
imagine how many students they could influence. Dewey stated, “If a sufficient number of
educators devote themselves to striving courageously and with full sincerity to devote
themselves to find the answers to the concrete questions which the idea and the aim put to us, |
believe that the question [of education and social change] will cease to be a question, and will
become a moving answer in action” (Dewey, 1937/1987, p. 417). Of course, a teacher cannot be
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said to have chosen a method or philosophy of teaching if only one option is offered. Because the

teachers now consider themselves becoming critical mathematics pedagogues, they hope that

teacher education programs will expose other preservice and inservice teachers to different
options, such as critical pedagogy, to move mathematics pedagogy away from the traditional—
and toward a pedagogy of social justice.
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Abstract

Are virtual manipulatives as effective as concrete (hands-on) manipulatives to build conceptual
understanding of number concepts and relationships in pre-service middle grades teachers? In the
past, the use of concrete manipulatives in mathematics courses for Clayton State University’s
preservice middle grades teachers has proven to be a very effective way to build conceptual
understanding of a variety of mathematical topics. This paper presents an argument for the need
for research into the usefulness of virtual manipulatives for enhancing mathematics teacher
education and their potential to supplement (or replace?) concrete manipulatives.
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Virtual vs. Concrete Manipulatives in Mathematics Teacher Education: A Call for
Research

Introduction

Since the inception of Clayton State University’s (CSU) Middle Grades Teacher
Education program in 1993, hands-on manipulatives have been used very successfully in the
junior-level Number Concepts and Relationships (MATH 3010) course. In addition to a
textbook, students were required to purchase a manipulative kit that included, among other
things, Cuisenaire Rods, pattern blocks, fraction circles, and two-color counters. Students
worked collaboratively to build conceptual understanding of the arithmetic of fractions and
integers, using those manipulatives. That understanding was assessed by small group and whole
class discussions and the use of performance tests.

Certain results occurred consistently, year after year, class after class. Invariably, students
declared, “I wish I had been taught this way. This makes so much more sense.” And “I always
hated (fill in different topics—fractions, negative integers, etc.), but now | understand it.” Some
even admitted liking math for the first time! Those statements were usually made by the “less-
mathematically-inclined” students. In fact, those students were consistently more adept at
learning to use the manipulatives than the traditionally higher achievers; it was much harder for
the latter to let go of the rules they had learned and to operate on the concrete level required for
successful use of the manipulatives.

Because the junior-level mathematics courses in CSU’s teacher education program
combine content and pedagogy, students studied the NCTM Standards and reflected, both orally
and in writing, on the importance of providing appropriate experiences and instructional
materials to facilitate students' mathematics learning. Communication and reflection were
emphasized throughout the course, contributing to the overall success of using manipulatives to
build conceptual mathematics understanding.

The Problem

With the advent of the Georgia Performance Standards (GPS) reformation of the pre-K—
12 curriculum, as well as the prevalence of websites providing free access to virtual
manipulatives, the time is right for Georgia mathematics teacher educators to investigate the
advantages and disadvantages of supplementing (or replacing?) concrete manipulatives with
virtual ones. The GPS curriculum advocates the constructivist approach to mathematics learning
and provides tasks to help teachers implement it. (http://www.georgiastandards.org/math.aspx)
In addition, the new curriculum incorporates the TIMSS recommendation to teach fewer topics
in more depth, thus allowing more time for the incorporation of manipulatives.
(http://nces.ed.gov/timss/results.asp)

The ubiquitous use of various forms of technology by today’s youth provides additional
incentive to investigate the usefulness of virtual manipulatives. Might they be more motivating to
students, especially those in middle and high school, than the more toy-like concrete
manipulatives? On the other hand, should school funding be directed toward the more expensive
technological resources, especially given the current economic slump? Considering the meaning
of “conceptual understanding” and the often omitted component of bridging from the concrete to
the abstract, is there a difference between concrete and virtual manipulatives in the ease of that
transition? It is important for groups such as GAMTE to investigate these questions.
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The teacher education classroom provides the perfect setting in which to examine the
effectiveness of hands-on versus virtual manipulatives, while providing experiences in which
pre-service teachers develop a deeper understanding not only of the mathematics but also of the
resources themselves and their respective pedagogical impact. In other words, teacher educators
have the opportunity to do research while facilitating not only the learning of mathematical
concepts but also of pedagogy and pedagogical research methods.

Current Research

Conceptual Understanding

Because we are concerned with the enhancement of conceptual understanding, it is
imperative that we define the term. Although definitions differ, we will adopt the statement from
Hiebert and Lefevre (1996, pp. 3-4) as cited by Star (2005, p. 406), that conceptual knowledge is
“knowledge that is rich in relationships... Relationships pervade the individual facts and
propositions so that all pieces of information are linked to some network.” The relationships
formed by the use of manipulatives incorporate visual, tactile, and kinesthetic experiences.
Adding cooperative learning and reflective discussion further enhances the depth of
understanding and the likelihood of retention. (Daniels et al., 1993; Garrity, 1998.)
Pedagogical Content Knowledge

Broadening our net to include a focus on pre-service teachers’ construction of conceptual
understanding in a course that incorporates content and pedagogyi, it is also important to
understand the term “pedagogical content knowledge.” In his review of Shuhua An’s book, The
Middle Path in Math Instruction: Solutions for Improving Math Education (2004), Jeremy
Kilpatrick notes An’s perception of pedagogical content knowledge as including a mathematics
teacher’s ability for “addressing and correcting students’ misconceptions” (2005, p. 256).
Kilpatrick further notes An’s observation of the teachers in her study having limited success
“bridging from manipulative materials to mathematical ideas” (p. 258). For me, the useful
implications of An’s findings are (1) the importance for teachers to build their own conceptual
understanding to enable them to identify and correct their students’ misconceptions, and (2) the
need to incorporate “bridging construction” into the course.
Research Involving Concrete Manipulatives

Regarding the pedagogical impact of concrete manipulatives, there is a plethora of
available information. Based on their own experiences, authors of the NCTM Standards from
1989 and 2000 recommended giving students “experiences in using a wide range of visual
representations” (e.g., concrete manipulatives) to solve mathematics problems (2000, p. 284).
Many researchers (e.g., Van de Walle, 1973; Grouwns, 1992; Vinson et al., 1997) have found a
connection between the use of manipulatives and a decrease in students’ math anxiety levels. In
their study of pre-service mathematics teachers, Vinson et al. reported that the use of
manipulatives served a “two-fold” purpose:

“First, the concrete experiences aided in preservice teachers having a better

understanding of the mathematical concepts and purposes for procedures.

Secondly, the use of manipulatives assisted the preservice teachers in learning

how to teach with more than just modeling a procedure on the chalkboard...” (p.

8).
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Research has also shown the use of manipulatives in the mathematics classroom to be
motivating. In her study of high geometry students, Garrity (1998) found that using
manipulatives and cooperative groups motivated her students. She concluded

“In order to give meaning to math teaching, students are best served by learning

concepts by actual manipulation of physical materials. Motivation is best

accomplished when there is an active involvement with physical objects” (p. 21).

Garrity cites other researchers who also support the “manipulation of “physical objects” as a
deterrent to “pseudo-learning” (Carin & Sund, 1975, p. 338) and who recommend the inclusion
of “opportunities for reflection” to balance effective learning practices (Daniels et al., 1993, p.
9). In a study using concrete manipulatives in two 8‘h-grade pre-algebra classes, Hinzman (1997)
reports that students” mathematics performance was enhanced and their attitudes were
significantly more positive than those of students from previous years. (These results were well
founded despite the fact that Hinzman’s data analysis appears to be flawed.)
Research Involving Virtual Manipulatives

Because the advent of virtual manipulatives is relatively recent, the research regarding
them is less prevalent than that of concrete manipulatives. Moyer et al. (2002) define a virtual
manipulative as “an interactive, Web-based, visual representation of a dynamic object that
provides opportunities for constructing mathematical knowledge.”(p. 185) In addition, they
identify one’s interaction with virtual manipulatives as an example of the process of representing
mathematics recommended by the NCTM Standards.

“Because it is advantageous for students to internalize their own representations

of mathematics concepts, interacting with a dynamic tool during mathematics

experiences may be much more powerful for internalizing those abstractions.” (p.

5)

Noting that “students learn in different ways,” Schackow (2006-2007) describes several
activities for which mathematics teachers can use virtual manipulatives to teach fraction concepts
to middle school students. She recommends the National Library of Virtual Manipulatives
website (http://nlvm.usu.edu/en/nav/vlibrary.html) as one that contains many worthwhile
activities. Schackow, however, has expanded the list of concepts for which certain NLVM
manipulatives can be used. For example, she illustrates how to use NLVM’s virtual Color Chips,
Geoboards, and Pattern Blocks to model computations with fractions. In addition, she lists
several advantages of virtual manipulatives. They are

*  Available—"“Teachers may be limited in the quantities and types of concrete
manipulatives available to them.” (p. 10)

*  Time-saving—*"“Teachers may not have time to make their own manipulatives.”
(p. 10)

*  Motivating—"“(Middle school) students may find working on a computer with
virtual manipulatives more desirable than using concrete manipulatives that they
might view as childish.” (p. 10)

Schackow concludes,



GAMTE Proceedings 2008 15

“Using the virtual manipulative activities discussed in this article can help
students deepen their conceptual understanding of fraction computations and
avoid such struggles and frustrations...(and) may lead to student exploration and
classroom discussion that will enable students to make sense of fraction
computations.” (p. 10)

Several studies compared the use of concrete and virtual manipulatives to teach
mathematics. Brown (2007) conducted an experiment to determine if students who used virtual
manipulatives would out-perform students who used concrete manipulatives. The subjects in her
study were 48 6™-grade students in an urban public school. Her results indicated that students
who received instruction with concrete manipulatives out performed students who used virtual
manipulatives, but that both types of manipulatives enhanced the learning environment. Brown’s
results are suspect, however, since there were differences in academic ability of the two groups.
In addition, the types of virtual manipulatives used (fraction bars) were different from the types
of hands-on manipulatives used (pattern blocks). Both differences could have influenced the
results of the study. It would be interesting to determine whether the results would have been
different if the lower-ability group had used the concrete manipulatives and the higher-ability
group the virtual.

In her report, Brown cites other studies that investigated virtual manipulatives.
Enderson’s study (1997) showed that using virtual manipulatives to explore volume of a box
expanded students views of the mathematics involved (p. 10). Reimer and Moyer (2005)
reported increased success teaching fractions with virtual manipulatives over paper-and-pencil
instruction. Brown quotes Reimer and Moyer as indicating that virtual manipulatives’ ability to
“connect dynamic images with abstract symbols” (pp. 10-11) is an advantage over concrete
manipulatives. Brown (2007) adds the advantage that virtual manipulatives take less time to
manipulate than concrete ones. Studies by Olkun (2003) and Dorward & Heal (1999) indicate
that virtual manipulatives are as engaging and provide equally as strong an effect on
mathematical understanding as do concrete manipulatives.

Implications for Teacher Education

A survey conducted in Australia by Howard et al. (1997) to determine the use of
manipulatives among primary and secondary mathematics teachers raised questions regarding
the issue of whether teachers’ acceptance of the usefulness of manipulatives has “a solid
conceptual base” (p.9). The researchers also indicated that

“There is a clearly expressed need...for further training in the use of

manipulatives in mathematics teaching”, a fact that “has implications for both pre-

service teacher education programs and teacher development sessions” (p. 9).

Surely the same need exists in the United States. Certainly, the NCATE/NCTM Program
Standards (2003) for Middle Level Mathematics Teachers and the GPS Process Standards also
support investigation of the role of virtual manipulatives in the teaching and learning of
mathematics.

Perhaps the most compelling charge regarding the role of virtual manipulatives in
mathematics education comes from two Turkish educators, Durmus & Karakirik (2006). They
define a concrete experience in a mathematics context

“not by its physical or real-world characteristics but rather by how meaningful

(are the) connections it could make with other mathematical ideas and
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situations...Hence, it is very important to encourage learners to reflect on actions
they make in order to be able to perceive mathematical processes as objects.”(p.
3)

They further advocate,
“Every student should be given an opportunity to play with manipulatives. Just a
demonstration by a teacher is not sufficient to realize their full potential and not in
line with the theoretical rationale of their usage since they are meaningful to the
extent they involve interactive activities.”(p. 4)

Citing Suydam & Higgins (1976), Durmus & Karakirik concur that
“Manipulative materials should be used in conjunction with exploratory and
inductive approaches” (p. 4)

and conclude that
“Most manipulatives in mathematics simply implement the ‘learning with model’
approach. However, educators also need to consider the possibility of designing
manipulatives employing the ‘learning to model” approach since full potential of
any technological device could be achieved through its usage as a communication
tool to model the concepts and relations at hand.” (p. 6) (Italics and bolding
added.)

Clearly, more research is needed to determine the appropriate role of virtual
manipulatives, in both mathematics teacher preparation and pre-K-12 mathematics instruction.
The educational impact of the ever-burgeoning accessibility and advancement of technology
demands the attention of mathematics educators. With the Georgia Performance Standards as our
springboard, Georgia teacher educators are in a position to influence the preparation of
internationally competitive mathematics students. Will the use of virtual manipulatives
contribute to our progress? It’s an important question that begs an answer.

Final Comments: Plans for Future Research

Faculty at Clayton State University plan an investigation of the effectiveness of both
concrete and virtual manipulatives will take place in CSU’s Number Concepts and Relationships
class fall 2008. Approximately 25 juniors in CSU’s Middle Level Teacher Education program
will participate in the investigations. They will have access to concrete manipulatives, including
fraction circles, pattern blocks, decimal mods, and two-color counters. They will also have
laptop computers and Internet connections, giving them access to virtual manipulatives websites
and applets. Lessons will address Georgia Performance Standards number concepts for grades 6
— 8, including the properties and arithmetic of rational numbers, integers, and prime and
composite numbers. Students will work in groups of 2 or 3, using concrete manipulatives to
build conceptual understanding of number concepts. Each of these experiences will be followed
by similar activities, replacing the concrete manipulatives with virtual manipulatives.
Communication and reflection will be incorporated throughout and feedback will be gathered
from the students.

Assessment of the effectiveness of the various manipulatives will include observation,
written feedback, performance tests, and tasks similar to those advocated by Ball et al. (2008).
Students will also study the research on the effectiveness of manipulatives. Statistical methods
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will be used to investigate possible correlations among students’ characteristics and the
effectiveness of the different types of manipulatives, etc. Details of this work will be presented at
the GAMTE conference in October.
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