Old Dominion University

ODU Digital Commons

Theses and Dissertations in Urban Studies School of Public Service

Spring 2004
Culture of Growth: Teacher Collaboration for the
Empowerment of All Students

Kamilla Bahbahani
Old Dominion University

Follow this and additional works at: https://digitalcommons.odu.edu/urbanstudies etds

b Part of the Curriculum and Instruction Commons, Educational Sociology Commons, and the

Elementary Education Commons

Recommended Citation

Bahbahani, Kamilla. "Culture of Growth: Teacher Collaboration for the Empowerment of All Students" (2004). Doctor of Philosophy
(PhD), dissertation, , Old Dominion University, DOI: 10.25777/6g6f-0e26

https://digitalcommons.odu.edu/urbanstudies_etds/9

This Dissertation is brought to you for free and open access by the School of Public Service at ODU Digital Commons. It has been accepted for
inclusion in Theses and Dissertations in Urban Studies by an authorized administrator of ODU Digital Commons. For more information, please

contact digitalcommons@odu.edu.


https://digitalcommons.odu.edu?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/urbanstudies_etds?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/publicservice?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/urbanstudies_etds?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/786?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1071?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1378?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/urbanstudies_etds/9?utm_source=digitalcommons.odu.edu%2Furbanstudies_etds%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu

CULTURE OF GROWTH: TEACHER COLLABORATION FOR THE
EMPOWERMENT OF ALL STUDENTS

By
Kamilla Bahbahani
B.A. May 1995, University of British Columbia

M.A. August 1998, University of Guelph

A Dissertation Submitted to the Faculty of
Old Dominion University in Partial Fulfillment of the
Requirement for the Degree of
DOCTOR OF PHILOSOPHY
URBAN STUDIES
OLD DOMINION UNIVERSITY

May 2004

Approved by

Dwighf W. Allen /(Djrector)

T3hn Dévle (Memhear?

" TAlice Wakefield (%émber‘)‘*/

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ABSTRACT

CULTURE OF GROWTH: TEACHER COLLABORATION FOR THE
EMPOWERMENT OF ALL STUDENTS

Kamilla Bahbahani
Old Dominion University, 2004
Director: Dr. Dwight Allen

This dissertation documents an in-depth year long qualitative case study of three
elementary school teachers to address the following research question: what
characterizes, and what are the major influences on, an integrated, constructivist-oriented
approach to elementary math instruction? The researcher, working collaboratively with
the teachers, used a combination of interviews, observations, journaling, and informal
discourse to learn about what they want to do in their classes, the various pressures they
feel for performance and student learning, the forces they balance in making their
instructional choices, and the ways in which they make instructional choices and change
their approaches over time. From analysis of the data a five-part model emerged. The
overarching construct was the school environment, with a culture focused on
collaboration and continual improvement, and administration who supported the teachers
in developing an innovative and collaborative approach to instruction. Three major
aspects of teacher functioning within the framework of the school were identified:
Personal Agency; Philosophy; and Beliefs about Students. Personal Agency describes
their sense of themselves as agents of change within the school. This includes
discussions of how their personal educational history gave rise to their current practice;
their sense of responsibility for change; their processes of growth and development as

professionals; and their excitement about teaching and their students. Philosophy
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encompasses their commitment to theory-based practice and their views on various
philosophies of education such as constructivism, direct instruction, and special
education. Beliefs about Students addresses their commitment to understanding and
respect of student thought processes; an underlying belief that all students, of whatever
abilities and challenges, can learn; and the way they create collaborative, supportive
classroom learning environments to support student development. These three constructs
gave rise to a set of particular instructional approaches and strategies, the fifth construct.
Major elements of their instructional approaches include use of questioning and wait time
to elicit student thinking; active teaching and inculcation of cognitive strategies for

problem solving; and group processes such as math talk, flexible grouping, and peer

interaction.
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CHAPTER 1: INTRODUCTION

The report 4 Nation at Risk, released in 1983 (National Commission on
Excellence in Education), framed math and science education as priorities for American
education. This report, released at the same time as the rise of the current movement for
accountability and national standards, promoted content focused standardized tests that
allowed easy, comparable measurement of achievement. From that time period,
American mathematics education has continued to rely on traditional teaching methods
using standardized algorithms for solving problems with a limited emphasis on personal
understanding and self-directed learning (Bransford, Brown, & Cocking, 1999; Murray,
1998). This is in contrast with emerging research on learning, which emphasizes
integrated, contextual educational experiences as essential to developing deep,
transferable understanding (Bransford et al., 1999).

The current federal policy on education (United States Department of Education,
2001) calls for frequent, centralized testing and strict standards of accountability. While
these are not inherently in contradiction with effective learning, the types of tests used in
standardized testing, owing to the needs of centralized marking and administration,
generally emphasize rote learning and do not allow for a holistic picture of student
achievement. These methods also are not known to develop higher level thinking skills
or promote transfer of learning (Bransford et al., 1999; Shepard, 2001). Based on these
and other problems, Thompson (1994) identifies the need for systemic education reform,
including an emphasis on “depth of knowledge” and “new relationships between people”;

neither of these is an explicit priority of current policy. Brooks and Brooks (1999) talk
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about the disconnect between the current wave of national policy and the philosophy of
constructivist education. The National Association for the Education of Young Children
and the National Council for Teachers of Mathematics’ joint statement Early Childhood
Mathematics (2002) addresses this reform need, identifying the principle that “students
must learn mathematics with understanding, actively building new knowledge from
experience and prior knowledge” (p. 2). This principle implies an active grappling with
mathematical concepts, and an internalization of knowledge through this process. One of
NAEYC and NCTM’s specific recommendations is the use of “... teaching practices that
strengthen children’s problem-solving and reasoning processes as well as representing,
communicating, and connecting mathematical ideas” (p. 3). This again differs from
traditional math environments (Battista, 1999; Murray, 1998) and from current federal
policy.

Moving down to the level of the state, Virginia’s Standards of Learning (SOLs)
mirror and magnify the pressures exerted by federal performance expectations. Among
the most developed in the nation (The Princeton Review, 2003), the Virginia SOLs and
the rigorous curriculum guides associated with them put heavy demands on teachers to
teach to the test and rush the curriculum in order to cover all content. Other external
pressures such as rigid administrative reviews of performance combine with high stakes
testing to make the classroom a stressful place. As a result, teaching for meaning and
providing chances for students to question and develop understanding often are lost.

Within this high pressure environment, a beacon of hope gleams. There is an
alternative approach that can develop autonomous, creative thinkers who also are capable

of demonstrating their skills on standardized learning measures. This dissertation
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research goes inside such an alternate universe to document the characteristics and unique
approaches to instruction of three exemplary constructivist oriented teachers at one
exceptional school in Virginia. As we look at their methods and philosophy, which
combine idealistic beliefs about students and education with current research on how we
as humans learn best, we can acquire a vision for a new way of teaching that can meet the
educational demands of both conservatives and progressives.

Given the multiple pressures and constraints on their time and methods of
functioning, how do teachers engage in reflective and collaborative teaching practice that
moves them toward a flexible, integrated instructional approach to teaching mathematics?
More specifically, what characterizes, and what are the major influences on, an
integrated, constructivist-oriented approach to elementary math instruction? This
dissertation examines the processes of thinking, learning, change and interaction in which
three teachers engage in their attempts to make integrated sense of their philosophies of
teaching and learning, research on learning practices, and experiences in their classrooms

with math learning.

Summary of the Study
Newsome Park Elementary School, the site of this research, is an urban
elementary magnet math, science and technology school in Newport News, Virginia.
Their instructional methods emphasize development of innate student reasoning through
student discussion, questioning methods, and project-based learning. Within math
classes, the emphasis is on the thinking process and on application of thinking strategies

to problem solving. These activities are correlated with a significant increase in
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standardized test scores for the school over the past seven years. Within math, teachers
have been developing and implementing a range of complementary instructional
strategies which seem to work together to enhance student understanding of and
performance in math. This set of strategies includes a focus on metacognition, the
awareness of one’s own cognitive processes, and ability to direct them in support of
independent learning (Allen & Armour-Thomas, 1993; Desoete, Roeyers, & Buysse,
2001; Carr & Jessup, 1997; Magsud, 1998; Mayer & Wittrock, 1996; Wolf & Brush,
2000; Zan, 2000), discourse and writing in math (Card, 1998; Cazden, 1986; Meier &
Rishel, 1998; Pugalee, 2001), and other strategies. This research will provide insight into
methods of teacher interaction and thought that promote reflexive and interactive

teaching practices in the context of elementary mathematics.

Framework of the Literature

Three bodies of literature lie at the heart of this dissertation. First and
foundationally, philosophy and theories on how people learn form the overall context for
a study of teacher choices of instructional methods. Next we move to the research base
on teacher professional development and collaboration, examining the factors that
influence collaboration, the influence of collaboration on teacher performance and
student learning, and the role of administration in supporting that process. The literature
includes an examination of the role of the teacher in the classroom, focusing on “teacher
as researcher” and models of collaborative research. Finally, we turn to the research on
the classroom: what methods of teaching have been found to enhance student learning,

focusing on math learning and best approaches to teaching math. The literature will
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elucidate the dynamic context in which these teachers are attempting to forge effective
classroom practice.

Determining what factors are significant in promoting learning has been a central
issue of education through the last century. Early researchers believed that innate ability
was what distinguished high from low performing students, and detailed empirical work
to measure intelligence — coded down to a number known as IQ (intelligence quotient) —
followed from this. Such an approach left little room for educational interventions, only
for curricula that met people at their assessed intellectual level (Shepard, 2001). Later
researchers believed that institutional or structural factors were the most significant
factors in determining outcomes, leading to work on class size and related measures.
From there, researchers moved to examining student cognitive and affective
characteristics such as attitude towards self and towards subject; and cognitive strategies
used in problem-solving (Bransford et al., 1999; Sherman, 1985). These varying factors
often have been studied in isolation, and researchers have tried to identify which
particular strategies or attitudes are the most important in determining educational
outcomes.

One new approach in education is to examine the role of integrated versus
fragmented approaches to instruction. Newer research (e.g., Hickey, Moore, &
Pellegrino, 2001; Langer, 2001) supports the importance of “whole fabric” approaches to
education, where the synthesis of a diverse array of strategies, joined through a common
theoretical framework and set of attitudes, results in maximum learning outcomes for
students. Isolated strategies have been shown to have only limited effectiveness — it is

the seamless integration of a set of strategies that sets the stage for success. However,
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integrated pedagogical strategies have not been studied in detail because of the challenges
of treatment fidelity in education, as well as the difficulty of focusing on a complex of
strategies rather than specific teacher actions. A whole fabric orientation leads to a
research paradigm where researchers examine education in the classrooms as an
integrated process, rather than attempting to isolate specific strategies and study them
apart from their context.

In creating such integrated learning environments, new theory posits a stronger
and more central role for teachers as possessors of authentic knowledge about the
classroom. Emerging theory focuses on the empowerment of teachers and their role as
researchers and generators of knowledge in their classrooms. More work is being done
with teachers as collaborative researchers in knowledge generation. New relationships
between schools and universities, researchers on various levels, and teachers at public
schools, private schools and universities are being examined to meet demands for new
kinds of knowledge (Astington, 1997; D’ Ambrosio, 1998; Franke, Carpenter, Levi, &
Fennema, 2001; Garet, Porter, Desimone, Birman & Yoon, 2001; Menon & Owens,
1994; Parsad, Lewis, & Farris, 2001; Pierce & Hunsaker, 1996; Potter, 2001; Ruiz &
Pares, 1997; Wasser & Bresler, 1996; Wenglinsky, 2001). Research often is seen as part
of teacher professional development (Burbank & Kauchak, 2003; D’ Ambrosio, 1998;
Inger, 1993; Sachs, 1999). |

In addition to emphasizing a holistic approach to the instructional environment,
the literature also focuses on implementing a range of strategies with vigor and attention.
In the area of math learning, a large number of strategies can be used in an integrated

manner to help students become autonomous, self-directed and enthusiastic math
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learners. Some of the strategies employed include enhancing levels of cognition and
metacognition through instruction and application (Allen & Armour-Thomas, 1993;
Collins 1994; Desoete et al., 2001; Langer, 2001; Mayer & Wittrock, 1996; Mevarech,
1999; National Association for the Education of Young Children and the National
Council for Teachers of Mathematics (NAEYC & NCTM), 2002; Project Zero, 2002;
Sheffield & Cruikshank, 2001; Sherman, 1985; Sperling, Walls, & Hill, 2000), student
discourse on math problems and methods (Cazden, 1986; Roth, 1993; Shepard, 2001;
Sheppard & Kanevsky, 1999), writing about math thinking and solution pathways
(Blakey & Spence, 1990; Card, 1998; Meier & Rishel, 1998; Pugalee, 2001), and student
collaboration (Manion & Alexander, 1997; Mevarech, 1999; Sheppard & Kanevsky,
1999).

Research on math learning has identified a range of strategies that enhance
learning. Policy documents by such bodies as the National Association for the Education
of Young Children and the National Council for Teachers of Mathematics (2002) identify
research-based approaches as their major focus: providing interactive opportunities for
children to develop an understanding of math; integrating math into other subject areas;
and using play, problem solving, extended project engagement, and relating math to
previous knowledge, as components of high quality math instruction. Work by other
researchers (DeVries, Zan, Hildebrandt, Edmiaston, & Sales, 2002; Hickey, Moore, &
Pellegrino, 2001; Mayer, 2003; Mayer, 2004; Schifter, 1996) identifies different
components of math problem solving. Mayer, for example, writes about stages of math
problem solving, beginning with Problem Translation from the written word to a mental

representation; through integration of knowledge, production of a plan, monitoring of the
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implementation of that solution plan, and working out the answer. He writes that only
the last phase, known as procedural knowledge, is emphasized in traditional math
instruction. Other research has shown the effectiveness of problem- and project-based

inquiry in math (Phillips, Phillips, Melton, & Moore, 1994).

Overview of the Study and Methodology

Bringing together these three threads — (a) various philosophies of education that
focus on developmental approaches to child learning; (b) teacher professional
development and collaboration in a school wide context; and (c¢) how teachers teach and
how students learn, particularly in the area of math — the goal of this research is to
develop an understanding of how three teachers move towards one “whole fabric” of
instructional strategies focused around effective learning in math for all students. The
research question examines what influences and what characterizes the approach to
teaching of these teachers, focusing on the administrative school framework in which
they work, their personal agency or sense of themselves as responsible for and capable of
creating change, their philosophy, beliefs about students, and the actual strategies that are
used in the classroom.

To address this broad research question, a qualitative case study methodology was
chosen. The researcher, working collaboratively with the teachers, used a combination of
interviews, observations, journaling and informal discourse to learn about what they want
to do in their classes, the various pressures they feel for performance and student
learning, the forces they balance in making their instructional choices, and ways in which

they make instructional choices and change their approaches over time. The hope is that
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the results of this research will inform teacher practice in the integration of an array of
strategies for effective instruction, as well as tell the story of one attempt to create
autonomy in teachers. The researcher does not claim that this is the only story of this
school; there are other collaborations and interactions occurring that are equally of
interest, as well as other ways of telling this story. However, this is one window into an

unusual educational environment and an exceptional group of collaborators.

Definition of Terms

Since some terms in this dissertation are open to many interpretations, they are
defined here for clarity. As used in this dissertation, constructivism refers to a
philosophy of education which says that learning occurs when we construct knowledge
for ourselves, building on prior knowledge and making connections with new knowledge.
This definition does not prescribe a particular mode of instruction, but it does include the
possibility for active teacher involvement in the learning process. Direct instruction is an
instructional method where students are shown or told what methods to use in solving
problems without encouragement to develop an understanding of the meaning behind
those methods, or to devise their own solution methods. Skills-based or skill-based
instruction refers to a teaching strategy where students are taught a particular process for
solving problems rather than being prompted to develop a process themselves. In this
study, skills-based instruction involves the use of questioning and student internalization
of the process rather than an entirely prescriptive teaching method. Skills-based
instruction can resemble either direct instruction or constructivism, depending on the way

in which the lesson is taught.
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Choice of Voice
I have chosen to write primarily in the female voice for several reasons. First, [
and the three teachers with whom I are work women, so the use of “her” and “she” are
more authentic for this research process. Second, since the use of the female voice as the
norm is less common than the male, I chose to address this imbalance. Relatedly, since
the female voice is less common it tends to attract more attention when used, allowing the
reader to think more carefully about the experience being described. Finally, I feel a

social responsibility to normalize the female experience in writing.
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CHAPTER 2: LITERATURE REVIEW

Introduction

This dissertation examines the processes of thinking, learning, change and
interaction in which three teachers engage as they strive to put their beliefs about
education into practice in the context of a constructivist oriented school. In collaboration
with their colleagues, and working in a particular administrative milieu, their teaching
practice continues to grow and evolve as they explore three major dimensions: their
sense of self as it relates to being an agent of change and transformation; their own
philosophies about education and learning; and their beliefs about the characteristics and
capabilities of students. These three elements are integrated within their classrooms as
they evolve a set of integrated, seamless strategies that reflect their philosophies and
beliefs. Three main bodies of literature will be examined: (a) various philosophies of
education that focus on developmental approaches to child learning; (b) teacher
professional development and collaboration in a school wide context; and (c) how
teachers teach and how students learn, particularly in the area of math.

The three bodies of literature can be divided into different subthemes.
Philosophies of learning and teaching begins with examining the work of the well-known
educational psychologists and theorists Dewey, Piaget, and Vygotsky (Acredolo, 1997;
Barouillet & Poirier, 1997; Berube, 2000; Bickhard, 1997; Dewey, 1933; Jaramillo, 1996;
Kamii & Ewing, 1996; Kamii, 2000; Piaget, 1972, 1973; Singer & Revenson, 1996;
Vygotsky, 1978). Next, ideas about education for social change and perspectives of the

educators about those they are educating are examined in the work of educational theorist
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and practitioner Freire and others (Finn, 1999; Freire, 1993). The review moves on to
examine other theories such as theory of mind (Astington, 1997, 1998; Flavell, 1999;
Sperling et al., 2000) and the philosophy of constructivism from the perspective of its
proponents and critics (Baker, 1999; Battista, 1999; Bereiter, in progress; Conley, 1993;
Kamii & Ewing, 1996; Kamii, 2000; Mayer, 2004; Murray, 1998; Phillips et al., 1994;
Routman, 2003; Sheffield & Cruikshank, 2001; Stone, 1996; von Glasersfeld, 1991).

Research on teacher professional development and collaboration includes research
by a number of writers (Astington, 1997; Burbank & Kauchak, 2003; D’ Ambrosio, 1998;
Franke, Carpenter, Levi, & Fennema, 2001; Garet, Porter, Desimone, Birman & Yoon,
2001; Inger, 1993; Menon & Owens, 1994; Parsad, Lewis, & Farris, 2001; Pierce &
Hunsaker, 1996; Potter, 2001; Sachs, 1999; Ruiz & Pares, 1997; Wasser & Bresler, 1996;
Wenglinsky, 2001). They discuss various ways in which professional development for
teachers is viewed and integrated with research.

Finally, work on teaching and student learning addresses research on
metacognition (Allen & Armour-Thomas, 1993; Boudah & Weiss, 2002; Bransford et al.,
1999; Collins 1994; Desoete et al., 2001; Desoete & Roeyers, 2002; NAEYC & NCTM,
2002; Project Zero, 2002; Pugalee, 2001; Sheffield & Cruikshank, 2001; Sherman, 1985;
Sperling et al., 2000) as well as math learning (DeVries et al., 2002; Mayer, 2003;
Schifter, 1996). Looking at the link between instruction and learning, some research
explores the link between pedagogy, cognition and metacognition, and the impact of
various instructional strategies on learning (Card, 1998; Cazden, 1986; Hickey et al.,
2001; Hoek and others, 1997; Ip, 2001; Langer, 2001; Maqsud, 1998; Meier & Rishel,

1998; Pugalee, 2001; Routman, 2003; Shepard, 2001; Wolf & Brush, 2000; Zan, 2000).
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Other work examines the impact of overall instructional environments on student
learning (Anderson & Lee, 1997; Ewey, 1996; Krajcik et al., 2000; Langer, 2001; Mayer

& Wittrock, 1996; Schneider et al., 2002; Shepard, 2001; Thomas, 2000; Woods, 1994).

(a) Philosophy and Theories on How People Learn

A number of educational philosophers over the past century have outlined
theories of human learning. Three of the key philosophers whose ideas are relevant to the
research question are Dewey, Piaget and Vygotsky. They posited innate logical abilities
in children and outlined an approach to math education where students work on problems
using their own logic and mental processes, and share their understandings with their
peers in a facilitated dialogue. Emphasis is placed on logic, reasoning and awareness of
process; the teacher functions as facilitator of learning. Within this framework, a variety
of cognitive and metacognitive strategies allow students to be active learners. (Acredolo,
1997, Barouillet & Poirier, 1997; Berube, 2000; Bickhard, 1997; Dewey, 1933; Jaramillo,
1996; Piaget, 1972, 1973; Vygotsky, 1978).

Dewey’s Philosophy

John Dewey, an American philosopher in the early 1900s, focused on education to
develop the whole child, which he defined as having intellectual, moral, social and
aesthetic dimensions. The main purpose of education, according to Dewey, is to develop
the ability to think and understand our experiences in the world. To achieve this purpose,
education needs to be based on real world experiences or issues. Both practical and

theoretical questions, generated by the learner, can be the subject of education (Berube,

2000; Dewey, 1933).
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As an organizing concept, Dewey’s key concern was the way that humans think.
His book How We Think (1933) is a detailed exposition of the different types of mental
processes humans engage in, how these relate to scientific reasoning, and how schools
can develop these burgeoning processes in students. His book is a justification for the
existence of education: that effective human thought, while an innate capacity in
humans, does not develop automatically, and can be misdeveloped to produce harmful
results for the individual and society. How We Think gives great impetus to all
movements to educate young people in how to think. He identifies “reflective thinking”
as the “better” way of thinking, and defines it as “turning a subject over in the mind and
giving it serious and consecutive consideration” (p. 3). As opposed to simply letting the
mind wander, reflective thinking is thought directed to understand something. It is
willed, controlled, focused, and, thus, has consequence. The first step of such reflective
thinking is a‘state of confusion in the mind of the thinker that demands resolution, a form
of cognitive dissonance. The next step is identification of the resources available to
resolve that confusion. At this stage, Dewey warns that people “may not be sufficiently
critical about the ideas that occur to [them]” (p. 16; emphasis in the original), rather than
effectively evaluating information they have available to understand and resolve the
confusion. This is an area where educational interventions are envisaged as means of
developing critical thinking skills in students. Teachers, primarily through questioning
techniques, can assist students to develop such a critical understanding.

The need for goal orientation in education is another of Dewey’s key ideas. He
writes that “the nature of the problem fixes the end of thought, and the end controls the

process of thinking” (p. 15). In other words, the type of thinking we do is driven by the
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goal we have in mind. If the goal is achieving a good score on a test, the thinking
processes engendered will be different (and to Dewey’s mind, inferior) than if the goal is
understanding in order to resolve a problem we have posed for ourselves.

Dewey has a strong focus on curiosity. Curiosity is an innate human condition
that cannot be created, though it can be destroyed. He writes that the job of the teacher is
“to provide the materials and conditions by which organic curiosity will be directed into
investigations that have an aim and that produce results in a way of increase of
knowledge” (p. 40). This gives place of pride to student-initiated questions as a starting
point for learning.

Dewey also emphasizes the importance of experience in creating our
understanding. Simply sitting and thinking does not make us know: interaction with
situations serves to create understanding. As well, random experiences are not always
productive whereas carefully guided endeavors can be more so. As he says:

We cannot make ourselves have ideas or not have them any more than we can

directly make ourselves have sensations from things. In the one case as in the

other, we can put ourselves or be put by others into situations where we are likely
to have sensations and ideas in worthwhile ways, in ways that lead on to
something else and so insure that the person be developed and recreated by them

and not be exhausted by the mere having of them. (p. 41)

In this case, Dewey provides a link to the role of teacher as facilitator. With knowledge
of pedagogy and a clear vision for what students need to learn from particular projects,
the teacher can guide and frame the learning experience so that student experiences result

in useful learning, not frustration.
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Piaget’s Theory

Piaget focused on stages of child development. His indepth qualitative studies of
children’s behavior showed that children go through processes of accommodation and
assimilation of new knowledge rather than simply acquiring it verbatim (Singer &
Revenson, 1996). New concepts that an individual encounters are assimilated into the
current cognitive conception of the world until that individual encounters something so
different that it severely challenges the current conception. The mental conception then
needs to “accommodate” or change to incorporate new information. In doing so, the
child actively constructs new knowledge (Kamii & Ewing, 1996).

Piaget identified four major cognitive stages that children move through. These
were the sensorimotor stage, where the child sees little distinction between himself and
his environment, or of himself as an autonomous being; the preoperational stage, where
the child becomes aware of the distinction between self and other, begins to internalize
representations of his actions, but lacks a concept of reversibility of actions; the concrete
operational stage, where the child can apply such concepts as reversibility and
conservation to real problems; and the stage of formal operations, where the hands-on
concepts formed in the concrete operational stage become hypothetical and applicable by
the child to diverse situations. Piaget did not hypothesize any stages of cognitive
development beyond the early teen years. The major cause of movement between the

stages is seen as innate developmental processes, although interaction with others and
environmental stimuli were seen to promote more rapid advancement through the stages

(Kamii & Ewing, 1996; Piaget, 1972, 1973).
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Later research (e.g., Suizzo, 2000) has modified some of Piaget’s research in
some significant ways, notably by lowering the ages at which certain developmental
markers are reached. Ongoing work continues to build on his ideas (Acredolo, 1997;
Barrouillet & Poirier, 1997; Bickard, 1997). However, most researchers have not
discarded the idea of developmental stages, the general characteristics associated with
those stages, or a number of the cognitive experiments developed by Piaget.

Vygotsky’s Theory

Vygotsky’s sociocultural theory emphasizes the social context in which learning
takes place as the major influence on human development (Vygotsky, 1978). Ideas are
formed through social interaction, specifically, with those who are at a more advanced
stage of development. Knowledge is constructed socially, but understanding has to be
constructed by each individual. Teachers play an active role in Vygotsky’s conception of
learning as teachers of thinking processes, but the individual is still the one who
constructs her own understanding. Many writers have taken his ideas about the social
context of human learning and the role of discourse in learning and applied them to
diverse situations, such as adult learning, research methods, the home environment, and
diverse instructional environments (Cook et al. 2002; Langer, 2001; Potter, 2001; Roth,
1993). His theory, with its focus on human interaction and the social negotiation of
meaning, has been cited as a contributor to constructivist theory (Jaramillo, 1996).

Radical Pedagogy

Freire’s (1993) work on social oppression and education provide a social

consciousness and context to the collection of theories about how people learn. Working

among the urban poor in Brazil, Freire and his associates undertook literacy education
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from an explicit radical perspective. Seeing literacy as a symbol of oppression, they did
not want to become literate because they felt that they were becoming like their
oppressors. Engagement in learning to read needed to be transformed into a social action
of benefit to the illiterate before they would have the motive to become literate and thus
similar to their oppressors. -He approached education with the premise that all people are
equal with the same basic right to self-actualize. With this as motive, the literacy
program was structured so as to help participants become aware of the context of
oppression in which they were working, and the ways that literacy could help them
become more complete individuals. Dialogue was the primary instructional method, used
to enlighten, make the participant aware of his or her own thoughts, and create a
collective consciousness. The impact of this educational program, with its goals of direct
social transformation and empowerment of the oppressed masses, was so significant that
Freire was exiled from Brazil.

These principles of radical pedagogy were applied by Finn (1999) in his meta-
analysis of work on literacy among working class students. Through a comparative
analysis of multiple studies he shows how students from minority or lower class
backgrounds often have significantly different forms of communication and relationships
with authority than wealthier students or the majority of teachers. Such students are more
likely to have context laden speech and less likely to question authority. Their literacy is
“functional”, not providing them with the tools to ask for what they want in ways that
will earn respect. In order for students from these backgrounds to be successful at school
and develop “powerful literacy”, they need to be subjected to the same high expectations

and creative learning opportunities as students from wealthier mainstream backgrounds.
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The type of environment at the school, attitudes of the teacher towards students, and
instructional methods therefore play a significant role in student success.
Additional Learning Theories and Philosophies

Theory of mind is another theoretical position on the way children think. It is the
third and current stage of theories of children’s knowledge as identified by Flavell
(1999). The previous stages of (a) Piagetian-based research that emphasized the
evolution of perspective taking; and (b) work on metacognition and learning strategies in
the 1970s, built a foundation for its development. Beginning in the 1980s, theory of mind
looks from infancy on at the development of an understanding of desires and beliefs and
how these shape action. Flavell states that theory of mind research, which focuses
primarily on preschool children, now dominates the entire field of cognitive psychology.
Astington (1997, 1998) emphasizes the importance of children’s theory of mind, or their
basic understanding of human behavior. Theory of mind examines children’s ability to
be aware of their thinking and the thoughts and beliefs of others, which influences their
ability to reason, interact with others, and learn from multiple sources of information.
Activities that encourage thinking about the motivations and feelings of others;
questioning methods by teachers or peer to peer about personal choices and beliefs; and
modeling of reflective thinking by teachers, all assist to develop children’s theory of
mind. These approaches resemble some of the thinking methods proposed by Dewey.
Theory of mind is a model for the concept of metacognition for young children (Sperling
et al., 2000).

Constructivism, another theory of learning, is a newer model for curriculum,

instruction and assessment. It reflects new conceptions of human learning, many of
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which are based on scientific research on learning theories as well as on the work of
prominent educational theorists such as Dewey, Vygotsky, Piaget, and others (Shepard,
2001). In discussions, questions have been raised as to whether Vygotsky is a contributor
to constructivism, and as to the seemingly eclectic nature of the philosophy. In fact, the
base of constructivism is much wider than is often acknowledged, as many philosophers
and theorists describe learning as the construction of knowledge by an individual. Thus,
constructivism covers as wide spectrum of forms as it embraces these diverse
practitioners. Considering its manifestations in practice, constructivism similarly
suggests a wide array of practices, some of which are shared with other philosophies, but
all of which further the goal of student construction of knowledge. In the view of Kamii
& Ewing (1996), constructivism can be derived directly from Piaget’s studies of how
children construct knowledge. Kamii (2000) expands on these implications in her book
length study of children’s development of mathematical principles. Constructivism
comes in many forms and degrees, from social to cognitive to radical. For example, Roth
(1993) takes a Vygotskian social constructivist perspective rather than that of Piaget’s
internal negotiation of meanings, or cognitive constructivist. He identifies a
constructivist approach to science where science is seen as process by which meaning is
generated. Knowledge in this model is not external and absolute, it is held by the
individual and created by those participating in the process. Extreme versions of
constructivism often are seen to promote unstructured, nondirected, open ended learning,
where students are entirely responsible for constructing their own knowledge. Conley
(1993) offers one definition of constructivism when noting that, contrary to simplified

outsider views on constructivism, its goal is not to make learning fun for students, but to
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allow more learning and retention than by other methods. In Sheffield and Cruikshank’s
(2001) view, constructivist approaches tend to prevent the creation of learning anxiety by
presenting math as approachable and empowering students to solve problems.

Constructivism is a theory of learning and not of teaching (DeVries, 2002; Mayer,
2004). Much work is needed, therefore, to translate the theory into concrete practices
that would facilitate student learning, and there is wide experimentation by constructivist
educators to find these best practices. The types of practices proposed and accepted vary
by the form of constructivism, as well as the beliefs of each practitioner. In examining
the evolution of constructivist strategies, Battista’s (1999) distinction between the general
philosophy of constructivism and research-based constructivism that advocates particular
instructional strategies provides a helpful guideline. Some constructivist practices are
embraced because they accord with theory, whereas others have been shown to be
effective in individual classrooms and in larger scale research studies.

There are many works on developing constructivist curriculum and activities
(DeVries et al., 2002; von Glasersfeld, 1991) but as yet, no final position on what defines
all features of a constructivist teaching approach. The lack of a closed canon for what
constitutes constructivist education accounts for some of the contradictory research
findings on constructivist teaching. In spite of the diversity of views, some
commonalities that have emerged. Use of questioning methods, student-directed
activities, and student dialogue are common features of many constructivist classrooms.

One of the core dilemmas of constructivist instruction is balancing teacher
directed and student directed activities. How does a teacher decide when to teach

strategies, and when to let students discover them on their own? Routman (2003)
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emphasizes the need to use a continuum of instructional strategies to maximize student
learning, beginning with demonstration and moving through shared demonstration and
guided practice to independent practice, where the student directs learning herself. This
continuum, which was developed by Routman through extensive classroom experience,
still allows for active processing of knowledge by students while providing the support
needed as they encounter new material to develop appropriate learning strategies and
models. This moderated form of social constructivism maintains an emphasis on students
becoming autonomous learners without requiring them to develop all knowledge
independently without the assistance of a facilitator or teacher.

As with all learning theories, there are those who disagree with the validity of
constructivist education practices. Murray (1998) highlights the controversy over
whether the overall poor performance of US students in math is a result of the move
towards constructivist math teaching methods, or of the still predominant “skill-and-drill
methods.” Stone (1996) is one of the critics of constructivism, classifying it as a form of
what he terms “developmentalism.” His main critique is that it is based on a false
assumption of the value of natural, undirected development for children, preventing
adoption of rigorous learning methods in schools. Baker (1999) picks up this critique,
defining developmentalism as a belief that human development moves through clearly
defined stages, and that these stages can be equated with progress. She cites some of the
limitations of this view, in particular, the resultant focus on who is more capable of
development than others and thus a stratification and evaluation of children. Bereiter, in
a work in progress published on the internet, offers another critique of constructivism as

not differentiating between the learning processes and knowledge that is its building
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blocks. As a result, in his view, constructivists engage students in learning activities that
are fruitless because students lack the pieces of data needed as raw material to be
reconstructed through their actions. Most constructivist educators would disagree with
his assessment of constructivism as it reflects a common misconception: that all
constructivism consists of open, discovery—baséd learning without any teacher guidance.
While such practices may be used in radical constructivism, social constructivism
involves an active role for the teacher. Many constructivist teachers rigorously structure
their classrooms and provide extensive scaffolding and support for student learning.
Nonetheless, Bereiter’s views are commonly held and similar criticisms often are leveled
at constructivist educators.

Mayer (2004) provides another critique of one particular instructional method
commonly associated with constructivism: discovery learning. His hypothesis in
undertaking a meta-analysis was that a variety of teaching strategies can lead to
constructivist learning, not simply activities that are entirely student directed. Examining
research in three different areas — discovery of problem solving rules, discovery of
conservation strategies, and discovery of LOGO programming strategies — he found that
in each area, pure discovery learning resulted in lower performance gains for students
than their participation in guided learning. He suggests choosing methods of instruction
“not on how much doing or discussing is involved but rather on the degree to which they

promote appropriate cognitive processing” (p. 17).
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(b) Teacher Professional Development and Collaboration in a School Wide Context

Teacher professional development is a standard feature of educational practice. A
review by Inger (1993) of the research on teacher collaboration in urban secondary
schools found multiple benefits from collaboration, including improved student behavior
and achievement, and increased teacher satisfaction and sense of effectiveness. What is
new Is its emphasis on teacher-centered rather than expert-centered approaches, and on
the integration of research into this paradigm. Parsad, Lewis, and Farris (2001) reviewed
the National Center on Education Statistics (NCES) Fast Response survey of teachers in
the nation. They found that 52 to 69% of teachers regularly engage in collaborative
activities such as talking with other teachers, networking with teachers from other
schools, planning together, and collaborating on a research topic (52%). Mentoring
involved about one fourth of the teachers. Collaboration also was linked with feelings of
preparedness by the teachers (18% to 34%, depending on the activity). From this data it
1s clear that professional collaboration is widespread in the schools. Of particular interest
1s the finding that about half of the teacher respondents collaborate on research projects.
More detailed research into the type and variety of projects and their relative success
could provide insights into the characteristics of and prerequisites for effective teacher
collaboration.

The importance of focusing on the teacher and her instructional methods is
emphasized in a comprehensive report by Wenglinsky (2001), conducted for the
Educational Testing Service. His study was based on the 1996 National Assessment of
Educational Progress data on mathematics learning among 7,146 eighth grade students.

Separate questionnaires administered to their teachers examined their academic training,
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types of professional training in the previous ten years, and their use of 21 classroom
practices. Using multilevel structural equation modeling to generate factor models and
path models, he generated multiple models. While at the school level he found that the
socioeconomic characteristics of the students (198.41, p = .05, effect size = .76)
overshadowed three indicators of teacher characteristics (4.82 to 1.03, p = .05 to .10,
effect size = .09 to .02), effect sizes for all classroom practices combined to .56, and
effect sizes for professional development, to .33. As well, the effect sizes for teacher
characteristics totaled .98, suggesting that these have an even higher effect on student
performance than SES; with its effect size of .76. The elements of teacher quality most
closely correlated with student achievement when SES and class size are factored out are
teacher major, professional development in higher order thinking skills and diversity, and
practicing hands-on learning and higher order thinking skills in the classroom. He
concludes that teacher methods and teacher characteristics are as significant as student
socioeconomic background in determining school success. Another important finding is
that professional development, in whatever area, seems to have a positive impact on
student achievement. In addition, he notes that schools which have a critical mass of
teachers who emphasize higher order thinking and allow students to engage in the
complexity of math learning will enhance student performance. As an aside, Wenglinsky
emphasizes the importance of qualitative research in generating insights into classroom
practice which then can be examined in other contexts and subjected to quantitative
testing; such insights often are missed in large scale quantitative studies, resulting in a
statistical undervaluing of the significance of classroom practices on improving

performance.
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Pierce and Hunsaker (1996) and others identify the need to have teachers involved
in identification of their own professional development needs and in creating materials to
fill those needs. Garet et al. (2001) found that professional development activities that
covered longer time spans, connected with other professional development activities, and
involved active learning were more effective than those of shorter duration, dealing with
disconnected content and involving passive transmission of knowledge. Content
intensive professional development that did not focus on teaching knowledge and skills
had negative impacts teacher performance. Garet et al.’s study was based on 1,027
randomly sampled teachers from across the United States who had participated in one or
more activities funded by the federal Eisenhower Professional Development Program.
The teachers completed a series of program description and impact measures that the
authors based in an extensive review of the literature on teacher professional
development. Work by Franke et al. (2001) with math teachers found similar results in
terms of the action characteristics of those teachers who experienced what they termed
“generative growth,” or systemic change in their teaching methods that continued to grow
and change with time. Their longitudinal qualitative case study focused on 22 math
teachers who had participated in one particular professional development program over a
three year period. Looking at data from classroom observations and interviews,
conducted several years after the professional development program, Franke et al. found
a number of common characteristics for those teachers who had heightened levels of
engagement in instructional change. They placed children’s thinking about math at the
center of their curricular decisions rather than classroom organization, programmatic

problems and other issues; used an integrated framework for understanding children’s
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mathematical thinking and their growth and change over time; saw classroom
mathematics as a process of joint inquiry and ongoing learning for them as well as for
their students; and integrated these components into a holistic approach to math
instruction. These features all echo elements of constructivist learning environments.

A new development in research in education is an emphasis on collaborative
research. In this model, both teachers and university researchers participate as equals in
all phases of the research, from the design of the research model, through its
implementation, to the analysis of data and determination of meaning. This is done in an
environment where meaning is created by the group rather than an individual. The
theoretical basis of this approach is an application of Vygotsky and Bakhtin’s work on
discourse and interaction in learning; these activities are primary vehicles for learning
and the creation of meaning, and thus are essential elements in research, the goal of
which is creating meaning from the world (Potter, 2001). Ruiz and Pares (1997) quote
Wasser and Bresler (1996) on the importance of heterogeneity among the beliefs of a
group of collaborators as important to gaining a broader perspective on the problem
under investigation. Applying game theory to the issue of collaboration, they identify
some principles that tend to foster collaboration. Small group size is more likely to
encourage cooperation; the existence of short term objectives as well as long term goals,
is more likely to promote commitment; open communication and genuine friendship or
familiarity among members encourages cooperation.

D’ Ambrosio (1998) also advocates the use of teacher research as a method of
professional development since it can lead to a deeper level of teacher self-awareness and

analysis of student learning than other teacher training programs that focus on skills
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acquisition. Her qualitative study of a preservice and inservice teacher research
experience showed that both projects enhanced reflective teaching in the participating
teachers.

Teacher research itself has been investigated as a means of professional
development. Burbank and Kauchak (2003) identify the need for collaborative action
research to be used as a model for professional development. Their research paired ten
preservice and ten inservice teachers in action research projects in the inservice teacher
classrooms. Data included observations, interviews, course work products, and an exit
questionnaire (scaled from 1 to 7, strongly disagree to strongly agree). They found that
the inservice teachers strongly believed action research improved teaching practices (6.0),
including creating sense of community among the teachers and an awareness of student
learning; results were weaker (4.7) but also positive for preservice teachers. They
evaluated research highly as a means of professional development (6.7 for inservice
teachers) as it prompted self-reflection and stimulated them to continue research in their
classroom. Finally, the teachers felt that action research teams were an effective way to
talk with student teachers about research (5.3) and teaching (6.2). Teamed research thus
was shown to be highly effective in this study for breaking down resistance to
collaboration and to stimulating professional development and reflectivity.

In spite of the benefits, there are challenges to instituting teacher collaboration
and research. Inger (1993) describes some of the challenges facing teachers who want to
collaborate. School systems in America are based on “norms of privacy and non-
interference,” so that attempts to collaborate can feel like invasions of one’s personal

space. Barriers between subject areas and grade levels mean that the pool of teachers
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with whom collaboration is acceptable is small. Sachs (1999) identifies some of the
challenges associated with developing teacher research, such as bridging the dichotomy
between university and school based researchers; selecting an appropriate methodology;
and determining priorities for research. She studied two programs that emphasized
teacher research, and from this identified a wide range of challenges as well as
opportunities for such research.

One case study of collaborative research with a math teacher showed the impact
of this approach on her confidence and skills, which in turn led to a more constructivist-
based classroom instructional method. Menon and Owens (1994) did collaborative
research with one sixth grade math teacher, developing materials together and discussing
their observations on the impact of new methods. Although initially lacking confidence
in her abilities, the teacher grew to act as an equal researcher with the university
researchers, and to trust her own judgments in the classroom. As well, she moved from a
teacher centered to student centered instructional environment, with increased use of
open ended questioning methods, lessons based on invented rather than taught
algorithms, and the encouragement of discourse among the students and a
“think/pair/share” strategy that encouraged them to analyze differences in their
approaches to the same problems. Menon and Owens’ project was successful both in
generating useful research findings, and in empowering the teacher to act as a more
autonomous agent in her own classroom.

Methods of teacher training influence the approach to teaching that preservice
teachers will take in their own classrooms. Astington (1997) demonstrates another useful

application of reflective teaching with her preservice teachers. Questioning and
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experiential learning about theory of mind and preschoolers helped the preservice
teachers develop a profound understanding of how children learn and know. She states
that understanding how students know and learn is vital to understanding how they
construct knowledge, and this understanding influences teaching methods. Schifter
(1996), based on her study of a teacher who moved towards constructivist methodologies,
identifies that the best way to help teachers appreciate this kind of learning
(constructivist) is to have them learn that way; the way we were taught influences how
we teach.

This research model incorporates some elements of a collaborative framework
(teacher involvement in setting the questions to study; their involvement in the reflection
and meaning-making process; their autonomy and empowerment as equal researchers).
However, in the case of this research project, the final analysis and writing responsibility

lie with the university researcher.

(c) Characteristics of Teachers, How They Teach, and How Students Learn
Metacognition

Emerging as a concept in the 1970s (Flavell, 1999), metacognition is the
knowledge a learner has of her own learning processes and an ability to monitor and
direct these, drawing on a range of cognitive strategies in the accomplishment of learning
goals. Its existence as a viable construct has been validated by wide ranging research.
For example, Project Zero from Harvard (2002) has conducted extensive research and
learning on alternative instructional methods and learning theories. Their studies have

found that children’s learning involves the development of thinking processes rather than
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simple progressive accumulation of knowledge. Because there are many studies on
metacognition in diverse content areas — reading is one field in which much research has
been done — this paper will focus on the research literature in mathematics since that is
the subject area in which the research will be done. As well, the particular strategies
linked with teaching metacognition and the phases of metacognition differ across subject
areas, so the work in math provides more guidance as to appropriate research approaches.
In the literature, metacognition is seen as a complex of interrelated components or
skills that enhance both academic performance and higher level learning such as retention
and problem solving. These diverse but interdependent skills transfer to widely ranging
situations, and are elicited in varying degrees depending on the problem and situation.
Some of the major components are deciding on the nature of problem; prediction;
allocating resources; solution monitoring; and reflection and evaluation (Allen &
Armour-Thomas, 1993; Desoete et al., 2001; Pugalee, 2001). Pugalee’s work with ninth
grade math students confirmed Garofalo and Lester’s (1985; cited in Pugalee)
categorization of metacognition into four phases: orientation, organization, execution
and verification. Pugalee used a content analysis approach to analyze written
descriptions of algebra problem solutions for 20 ninth grade math students, finding four
categories that corresponded to Garofalo and Lester’s classification. He then was able to
classify the students’ statements within these categories and identify which metacognitive
behaviors they used in each phase. In the same way that metacognition comprises
different skills, it also can exist in relation to different phases of activities. In the subject
area of reading, Collins (1994) identifies that students can be metacognitive in relation to

four aspects: identifying the influences of text structure on their reading experience and
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the creation of meaning; switching between different tasks required from reading;
awareness and use of strategies; and awareness by the learner of her own characteristics
that affect learning.

More work on the components of metacognition was done by Desoete et al.
(2001) in two studies with third grade math students. The first study looked at 80 Dutch
children ages 8 and 9 who had average performance at school with no school related
problems. They were tested using three tests: the Kortrijk Arithmetic Test of specific
math knowledge, a Belgian test that was validated on a sample of Dutch-speaking
children; a validated test of reading fluency; and two metacognitive measures of
attribution assessment, skills and knowledge that were tested in a pilot study. The tests
were followed by interviews on the reasons for the predictions and evaluations, how they
planned and monitored after predicting their answers, and why they found certain
activities easy or difficult. Their second study focused on children with learning
disabilities, working with 59 children of average intelligence who had learning
disabilities in math, compared to 26 children of similar intelligence without learning
disabilities. The Kortrijk Arithmetic Test was used, as well as two measures of math
problem solving ability that were validated in the Netherlands, and a metacognitive
questionnaire that the researchers pilot tested. The first study validated three components
of metacognition: (1) global metacognition, comprising metacognitive knowledge and
skills such as declarative knowledge, conditional knowledge, procedural knowledge,
prediction, planning, monitoring, evaluation; (2) offline skills, comprising prediction and
reflection/ evaluation, things that occur before and after problem solving; and (3)

attribution, or attributing success to effort. Students with above average performance in
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math had higher levels of global metacognition and attribution. Desoete and her
associates also found that offline skills discriminated between all three groups. The
second study used component analysis to confirm the three components of metacognition
already identified. Students with severe math disabilities scored lower on global
metacognition than those with moderate or no learning disabilities. The same group also
had lower performance in offline metacognition than students with moderate learning
disabilities. Attribution, on the other hand, did not discriminate between the groups. In
this study, therefore, metacognition was found to be correlated with higher math
performance.

In the empirical literature, metacognition has been studied in relation to the
learning and achievement of diverse groups. This work has attempted to address
questions of the relationship between metacognition and ability, and metacognition and
performance. Such work can help identify whether the use of metacognition is correlated
with advanced thinking, or the absence of it with impairment in performance. Work on
gifted and learning disabled students shows a correlation between higher metacognitive
levels and giftedness, and an inverse relationship for those with learning disabilities. For
example, Desoete et al. (2001) found that students with learning disabilities had lower
metacognitive abilities than those without learning disabilities, and that students with
higher academic ability had higher levels of metacognition. Other studies identify
metacognition as one area where students with learning disabilities have deficits (Boudah
& Weiss, 2002; Desoete & Roeyers, 2002).

Levels of metacognition also vary with age. Sperling et al. (2000), in their study

of 39 preschool children from two childcare facilities, identified age related increases in
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metacognitive abilities in problem solving and theory of mind abilities. They used a
series of false belief and measured intention tasks (two false belief and three measured
intention) to calculate a theory of mind score, and three problem solving tasks (sorting,
matching dominos, and matching puzzles). The problem solving tasks involved
prediction and postdiction as well as researcher analysis of strategy use. These results
indicate that self-regulation and awareness of one’s abilities are linked developmentally
to age. Gender differences over the five tests with multiple components were not noted
except for one instance. These authors note that there may not be a strong relationship
between metacognition in social and academic domains, and among different tasks such
as categorizing and false belief tests. The variation they found in metacognitive abilities
on different tasks may reflect the validity of tasks used, or may indicate that
metacognition does vary by domain. Similarly, Carr and Jessup (1997) note that both
boys and girls in their study of 58 first grade children displayed similar levels of
metacognition although they applied their metacognitive strategies in different contexts.

Metacognition increasingly is cited as a relevant element of student learning and
achievement. Whether directly or indirectly, both policy documents and research identify
components of metacognition as crucial to student learning. One significant instance is
the National Association for the Education of Young Children and the National Council
for Teachers of Mathematics’ joint statement Early Childhood Mathematics (2002).
Throughout the document these two agencies identify the need for metacognitive
activities in order to develop an effective understanding of mathematics: for example, to
allow opportunities for “children to develop, construct, test, and reflect on their

mathematical understandings” (p. 7); or the importance of emphasizing processes such as
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“problem-solving, reasoning, communication, connections, and representation” (p. 3).
The National Association for the Education of Young Children and the National Council
for Teachers of Mathematics state that these skills are essential, not secondary, elements
of effective math learning and performance. Without them, children will not develop a
strong foundation of mathematical understanding. The shift in focus presented by these
organizations towards student centered and constructivist education is noted by Sheffield
and Cruikshank (2001).
Brain Research

Many aspects of current research on effective math learning relate to brain
research. In addition to trying to understand how biological and cognitive process
operate during learning, many such studies have an explicit focus on long term retention
rather than short term recall, transfer of knowledge to other situations, and the rapid brain
functioning associated with expert versus novice thought. All these more advanced brain
functions have been connected in the research with instructional methods focused on
strategy instruction and emphasizing understanding. For example, Bransford et al. (1999)
identify many emergent findings in the literature on differences in thinking methods and
strategies between experts and novices. Such studies can identify the types of thinking
patterns that represent skilled thinking or expertise in a field; however, many of them can
not draw conclusions as to how these thinking patterns are developed. They identify
some key differences in cognition between experts and novices. One difference was that
experts organized a vast store of information in units, or “chunks,” rather than as isolated
facts. Revolving around core concepts, their information was both organized and

contextualized, thus enabling them to identify key patterns quickly. This pattern
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recognition and ordered organization of information allows rapid retrieval of the
information. Metacognitive abilities such as being aware of what you are doing, how you
are responding to information, and what you know and do not know, are also practiced by
experts and enhance their teaching effectiveness as they organize their knowledge to
convey it to others.
Teaching Cognitive and Metacognitive Strategies

One body of literature emphasizes the importance of active teaching of learning
and thinking strategies to students, rather than expecting them to develop strategies
independently. For example, Langer (2001) found that successful English teachers
actively taught their students strategies for thinking and doing their work, whereas the
less successful ones left those strategies implicit. Mayer and Wittrock (1996) note that
teaching thinking skills generally has shown very positive results in improving
performance. Such instruction has been shown to be effective in teaching reading, math
and other subject areas.

Many studies have shown that active teaching of metacognitive strategies results
in increased performance and increased measured metacognitive levels. Shepard (2001),
based on her review of the literature on assessment and learning, states that
metacognition can be trained in the same way as other cognitive skills. Such instruction
can be effective for learners of all school ages, as Collins’ (1994) review of the literature
on reading and metacognition states. Multiple research projects done through Project

Zero at Harvard similarly have found that strategies to teach thinking and increase critical
and creative thought produce positive results in student learning (2002). However, both

teaching general thinking skills and emphasizing highly specific skills seem to be
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ineffective. What does enhance metacognition and performance is instruction work that
allows students to automate their performance of lower level cognitive skills such as
basic math operations. Transfer of knowledge or skills to new situations is enhanced by
focusing on meaning building instructional methods, use of the concept of analogy in
teaching, and teaching thinking skills — including metacognitive strategies — directly
(Mayer & Wittrock, 1996). For example, Ip’s work (2001), using a multiple case, single
subject A-B experimental design, found instruction in metacognition and reading to have
measurable results for five children with multiple physical handicaps over the eight week
intervention. Wolf and Brush’s (2000) work on applying the instructional use of a
metacognitive scaffold for eight grade social studies students discovered that this group
had higher results on an achievement test than a control group. Zan’s (2000) experiment
led to the conclusion that instruction in metacognitive strategies allowed the experimental
group of university students to pass a math test that they had failed repeatedly. Magsud
(1998) also found that metacognitive instruction resulted in higher metacognitive scores
as well as math achievement. Work by Hoek and others (1997) found that instruction in
social and cognitive strategies affected results on tests of mathematical reasoning and
information processing. The implications of these finds in toto are that, first,
metacognition is not simply an innate ability but one that can be developed through
specific instructional interventions; and second, that increased levels of metacognition on
the part of the student may produce increased performance.

Sheppard and Kanevsky (1999) also found that metacognitive training enhanced
student abilities to explain their thinking and model their mental thought processes.

Working with six gifted students, three each in heterogenous and homogenous ability
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classrooms, they provided training to both classes on metacognitive thinking patterns for
five days in 45 minute sessions. Students were asked about the idea of creating “mind-
machines” to describe their thinking processes, and then placed in small groups of three
or four students to discuss their models. This was followed by whole group discussion of
the models. The researchers analyzed the activity sheets, videotapes of interviews, and
classroom behavior to identify the types of and changes in metacognitive functioning.
Based on research based categories and interrater coding, they found that all students
improved in their metacognitive abilities.

Other studies have compared metacognitive training with training in strategy use
and with cooperative learning to see which activities produce the greatest results for
students. Mevarech (1999) studied these three conditions on 174 Israeli seventh grade
students to see which combination of factors had the greatest influence on student
performance. Students (86 boys and 88 girls) were assigned randomly to classrooms, and
classrooms were assigned randomly to one of the three conditions: mixed ability
cooperative grouping alone; cooperative grouping plus training in math strategy use for
compare problems; and the second condition plus training in metacognitive strategies.
Training was administered during math classes five times per week over a two month
period. Students were pretested on math and reading ability to form the mixed ability
cooperative groups and for baseline data on learning outcomes. Using an ANOVA on the
posttest scores, she found that the cooperative group, used as the control group in this
study, had the lowest levels of performance, followed by the strategy instruction group,
and the metacognitive training group (F(2, 168) = 4.21, p <.02). Looking at interaction

effects, the students who were in the lower half for math performance did the best in the
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metacognitive group and worst in the strategy group. These results indicate, first, that
metacognitive training has a statistically significant effect on math performance, moreso
than more direct algorithmic strategy instruction; and second, that such training benefits
students with low math abilities as much as those with high abilities.
Other Research Proven Instructional Methods

Aside from teaching metacognitive strategies, other instructional methods have
been linked with enhanced student performance. Writing, either reflections or journal
entries, has been found to be an effective way to enhance metacognition in mathematics
and other subject areas (Card, 1998; Pugalee, 2001). Card’s research in a class of 21
second grade students involved seven weeks of daily writing about math by the students
in response to teacher prompts designed to elicit thinking about math problem solving.
Three instruments, all developed by the researcher, were reviewed by colleagues and
pilot tested for their face and content validity. After the seven weeks she found that the
students were performing significantly better in math, with 11 of the 21 students
increasing by more than 50% on their math scores. Qualitative data also showed a
significantly enhanced ability to articulate their thinking processes, and an increased use
of math language. Outlining ways of developing the concept of writing, Meier and
Rishel (1998) describe a range of approaches to incorporating writing into math classes
based on their own experience with applying writing for math students at different grade
levels. Related to this, Blakey and Spence (1990) cite thinking journals as an effective
method of developing metacognition.

Similarly, discourse in the classroom has been found to enhance understanding

(Cazden, 1986; Shepard, 2001). Roth (1993) describes discourse as a process that goes
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further than collaboration, which can imply a maintenance of one’s own ideas; he views
discourse as a process of collectively constructing knowledge which individuals, having
participated in the process, then can internalize. Sheppard and Kanevsky (1999), in their
study of training for metacognition in gifted students, also found that those students who
were in the homogenous gifted classrooms had more significant gains than those in the
heterogenous classes. One possible implication of this finding is that rich classroom
dialogue, made possible by a sufficient number of metacognitive students who are able to
dialogue about their thinking, enhances learning.

Collaboration among students in the classroom also has been linked to enhanced
learning. Many research studies on metacognition and instructional strategies take
collaborative learning as one of the baseline conditions they investigate (Mevarech, 1999;
Sheppard & Kanevsky, 1999). Manion and Alexander (1997) investigated the
relationships among peer collaboration, cognitive strategies and metacognitive
understanding. They worked with 97 students at a rural school, approximately equal
number of boys and girls in the fourth grade. Seven of these were unable to complete the
study. Half of the students were put in a control group, and the other half in a group with
peer collaboration. Over three phases, the students were presented with sorting, recall,
and metacognitive attribution tasks. The first phase had them categorize cards; in the
second, they sorted more complex items and worked collaboratively or individually
depending on treatment to remember the cards; in phase III, they were given another set
of cards to recall. The researchers anticipated some gain in metacognitive abilities as a
result of practicing and collaboration. Looking at the effects of treatment versus sorting,

there was a main effect of F(1, 82) = 6.32, p <.05. Turning to the relationship between
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treatment versus ability to recall, the main effect was F(1, 84) = 3.41, p =.06. Finally,
results for treatment versus metacognition showed a mean change score of -.38, z=-1.87
one-tailed for the treatment group on a Wilcoxon matched-pairs signed-ranks test. For
the control group, the mean change score was -.10, z = -.59. In other words, working in a
collaborative group resulted in significant improvements in abilities to sort, recall items,
and demonstrate metacognitive awareness of processes. Collaboration led to an increase
in the use of metacognition, including for lower performing students. Collaboration also
led to an increase in memory, possibly as students learned more about other memory
strategies and internalized the strategies further through dialogue.

Connecting new knowledge with past knowledge is another strategy that enhances
learning. Research has found that students actively process information based on their
current knowledge and dispositions and develop new understandings based on their old
knowledge. This implies the need for instruction that will facilitate links between old
knowledge and active processing of the new, so as to allow children to develop new
understandings themselves (Project Zero, 2002). Metacognition also exists within
specific contexts, meaning that metacognitive abilities are best developed when
instruction is based on specific examples in a subject area. At the same time, however,
activation of strategies such as looking for patterns, finding context, and reflecting on a
problem after completion, can help students transfer what they have learned to new
contexts (Bransford et al., 1999; Shepard, 2001). Levine (2004) emphasizes the
importance of using real world examples in math problem solving. He notes that such
examples can provide encouragement for students to learn as they also promote learning

transfer to new situations.
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Project-Based Learning

Project-based learning (PBL), a student centered instructional method, connects
new knowledge with old. It provides real world experiences and involves such strategies
as dialogue with other students, planning, assessing what you know and need to find out,
reflecting on what you have done, and describing your process to others. Such learning
can address the need identified by Anderson and Lee (1997), who state that in American
schools through the 1980s, “most science programs simply did not provide students with
opportunities to learn with understanding” (p. 1). As well, what hands-on science
learning was included often “failed to connect with students’ own ideas about how the
world works” (p. 1). In contrast with such gloomy experiences in science learning, a
recent review of over 70 published PBL studies by Thomas (2000) identified that most
PBL learning situations had two things in common: students learned the standard content
as well as or better than students with more traditional instruction, often outperforming
them significantly on standardized tests; and the students showed significant strengths
relative to control groups in areas such as problem solving, positive attitudes towards
math and science, and ability to apply knowledge in new situations. Other studies of
applied project-based learning found similar results in terms of student learning of
standard content and increased performance in problem solving abilities and attitude
towards the subject matter (Anderson & Lee, 1997; Ewey, 1996; Krajcik et al., 2000,
Schneider et al., 2002; Woods, 1994).

The effectiveness of PBL has been studied in school situations, often in the
context of science learning. Some narrative case studies have documented in-depth the

learning processes that occur during PBL. A PBL approach used in one fifth grade
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science class proved successful in helping students create new understandings of science.
Three major processes were involved: first, students put forth their own explanations for
how a particular phenomenon functioned (in this case, electricity); next, the teacher
worked with them to conduct experiments, often designed by students, to test the
theories; and finally, the teacher helped them gain their own new understanding of theory
if their preconceived notions differed from experimental results. The project units were
largely student directed, with facilitation provided by the teacher and researcher. While
the teacher and researcher found that such an approach does help students change
erroneous beliefs, they also found that personal theories are strongly persistent (Woods,
1994). Looking more carefully some of the characteristics of PBL, Roth (1993) provides
a case study describing an approach that he uses with his high school physics classes.
Dialogue between the students and teacher reflect that they are striving to come to new
understandings of physics problems and to define them in new ways. The teacher
grapples with the questions along with the students, thus creating a dynamic in the
classroom of progressive and mutual learning. For Roth, the communal aspect of
knowledge generation is significant: interpersonal dialogue is a key component to
generating new understandings as opposed to simply having individuals sit and think
alone, in isolation from both other people and real world experiences. Similar work by
Levy (1996) documents a successful attempt at using project-based curriculum
development in an elementary classroom, over one year and involving multiple projects
and subject areas. These classroom case studies provide insightful descriptions of
learning processes in PBL classrooms and transferable ideas for the application of such

methods elsewhere.
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In addition to in-depth case studies, a number of longitudinal studies of PBL have
been implemented. Krajcik et al. (2000) undertook a two year study of inquiry-based
learning with middle school students in an urban school district. In their study, project-
based units based on national, ’state and local standards were implemented for 2000
middle school students yearly over the two years. The units were eight to twelve weeks
in length and had the central components of PBL: they were based on real world
problems, involved student collaboration and discourse, and integrated all investigation
around a central research question. Scaffolding was a key element of the delivery
mechanism, with teachers trained to “sequence, model, coach, and give feedback.” They
found that this approach, based on inquiry and student questions, was more effective in
promoting learning in posttests than teacher-directed learning. Specifically, through pre
and posttests on knowledge and process, the mean effect size across all units was .87,
showing significant gains from the pretest.

A recent study by Schneider et al. (2000) has shown the effectiveness of PBL in
enhancing coverage of rote facts, resulting in higher scores on standardized tests than
traditional instruction. Their study attempted to address one key criticism thrown at PBL,
that it limits the breadth of content to which students are exposed, thus limiting students’
overall knowledge of science and reducing scores on standardized tests. In direct
opposition to this claim, the researchers found that inquiry-based learning by 142 high
school science students resulted in significantly higher test scores on a national
standardized test than for students taught using traditional, teacher directed methods.
This is particularly dramatic given the intensity with which PBL was used in this school,

where all science courses, from ninth through eleventh grade, were taught as integrated,
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inquiry based units lasting from two to four months, rather than as discrete subject areas.
In spite of the fact that they did not receive any direct instruction in earth science as a
discipline, the students still performed statistically significantly better on a national test
covering earth science content than their peers who were taught in noninquiry based earth
science classes.

Other instructional approaches aside from PBL have been studied in terms of
effective student learning. A study by Langer (2001) illuminates some of the
instructional strategies and approaches that enhance learning. She performed a
qualitative multiple case study on 25 schools in four states to examine the differences
between medium and high performance schools in high school English. Using a
Vygotskian perspective of learning as discourse, she found that those schools which
focused on authentic and connected learning — what she called integrated, versus
simulated or separated, learning — had more successful instruction. This is the same
principle underlying project-based learning: that students will learn best when their
learning has authentic applications rather than simply being an exercise or pretend
scenario. Other characteristics of successful teachers in these high performing schools
that she found included integrating test preparation into the curriculum; actively focusing
on connections between the lesson content and other knowledge, from different classes or
life situations; overt teaching of thinking strategies and use of rubrics and questioning
methods to assist students to make visible their learning processes; self-evaluation and
reflection; the goal of learning was a deep understanding beyond simple rote learning;
and the classrooms had high levels of interaction with an emphasis on “shared cognition,”

or codevelopment of understanding and meaning among participants. All of these skills
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associated witH high performance teachers are explicit instructional strategies in the three
classrooms in this dissertation.

Langer also found that the integration of all these elements was essential to
producing an environment of high achievement; those schools which had only some of
these elements did not make the break through to high achievement. The holistic impact
of all the elements produced a seamless web that supported achievement. From this, we
can see that it is necessary to look at the entire system of education in a classroom,
including the underlying beliefs of the teachers, in order to understand how the students
are learning. As Shepard (2001) writes, “no aspect of learning can be understood
separate from the whole or separate from its social and cultural context” (p. 1075).

Math Learning

Turning to math learning, there has been a large body of theorizing and research
on math learning principles for many years (De Corte, Greer, & Verschaffel, 1996).
Sheffield and Cruikshank (2001) note that most elementary students enjoy math and do
not suffer from math anxiety. Since negative feelings towards math arise at a later date, it
seems clear that early childhood math experiences are critical in forming learner response
to mathematics. Battista (1999) states that current methods of teaching math emphasize
learning and reproducing patterns, and this is in opposition to research over the past two
decades about how students learn math which have emphasized a need for more
integrated and holistic approaches. Mayer (2003) identifies four phases of solving math
problems: Problem Translation, a linguistic process; Problem Integration, where the
separate pieces of knowledge are put together into a model; Solution Planning and

Monitoring, where a strategy for addressing the problem is developed and implemented;
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and Procedural knowledge, or how to work out the problems and run the computations.
Most math programs teach only procedural knowledge, when in fact the other three
stages are more difficult for students to execute and form the foundation on which
procedural knowledge can be built.

Constructivist educational environments have been investigated in numerous
studies. These are environments that are characterized by real world activities, teacher
questioning rather than telling, and student directed learning, including a comfort with
ambiguity and cognitive disequilibrium. Hickey et al. (2001) conducted research on
constructivist oriented elementary math environments to see if these influenced student
learning. Using a quasiexperimental design, they looked at 19 fifth grade classrooms in
two sets of schools that were closely matched for achievement and socioeconomic status,
examining the impact of a real world math computer game combined with varying
degrees of school reform that the authors associated with constructivism. They found
that problem solving and data interpretation abilities in those classrooms that used the
computer game were significantly higher than in the classrooms that did not use the
games. They also found that all results of improved performance were greater in the
reform oriented schools than in the non-reform oriented schools. In other words,
“coordinating both instructional innovation and curricular reforms around a common
constructivist perspective is the most effective way of enhancing students’ conceptual
understanding of mathematics and their ability to solve complex mathematical
problems.” School wide implementation of constructivist practice, therefore, is likely to

enhance students’ mathematical understanding.
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Use of scaffolding, guided learning and questioning has been found useful in
constructivist classrooms. Schifter (1996) writes a qualitative analytical narrative about
the experience of two constructivist math teachers in using questioning methods to
prompt student directed, student interactive learning of math concepts. One began her
teaching career with the philosophy of stepping back and allowing students to direct their
learning, with the teacher as the facilitator. The other came to this philosophy through
participation in an intensive summer workshop; she saw this method as more connected
with the students’ methods of learning and worked to integrate the philosophy into her
teaching. Through setting up appropriate tasks and asking trigger questions to prompt
thinking and comparison of particular issues, the teachers are able to guide students to
develop their own understanding of concepts such as standardized measurement. After
watching their students engage in these processes, the teachers believe they have
identified a way to foster better student understanding than direct instruction. Schifter
specifically identifies the importance of questioning in helping students externalize their
thinking processes and promote such learning.

Use of experiential learning, manipulatives, and questioning were highlighted in
another project. Phillips et al. (1994) describe a project in lowa where math was taught
through Piaget-based concrete tasks. Students used manipulatives and teacher
questioning to develop understanding of developmentally- and curricularly-identified key
concepts. Using 340 students in Grades 1 to 3 over three years, the longitudinal study
showed that the students using the Piaget-based instructional method had significantly
higher scores on all measures of math achievement. The results demonstrate that

teaching math through methods that involve the student constructing her knowledge can
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result in better long term retention and ability to perform than teaching algorithms

directly.

Implications of the Literature and Importance of Findings to Research and Practice

This literature review highlights many of the sources of knowledge about student
learning, and provides a multisided context for the research. The philosophies and
educational theories of Dewey, Piaget, and Vygotsky provide insights into human
learning. Freire’s work and that of other radical pedagogues illustrates that the social
context in which learning occurs, and the beliefs of the teachers towards their students,
have a significant influence on student learning. The philosophy of constructivism
combines many contemporary, research based approaches to child learning.

Research has identified metacognition, writing, discourse and other strategies as
important components of learning in schools. These have been shown to be enhanced by
specific instructional methods such as active instruction in strategy use, a project-based
approach, and a holistic, integrated learning environment where theory and practice fit
together and different strategies form part of a holistic instructional approach. Training
in metacognition and strategies benefits students of all ability levels, sometimes showing
more benefit for lower performing students than for more advanced students. Teachers
have a central role in this picture as active agents who make instructional choices based
on a variety of information sources, and have the insight and perspective to conduct
research on their practice. All this occurs in a policy environment that, through its focus
on an overall curriculum and large scale, standardized testing, pressures teachers to cover

large quantities of material quickly without focusing on depth of understanding or long
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term retention and learning. As a result, teachers are hampered in their ability to
implement what research has shown to be effective practice.

Educators and policy makers need a rationale to offer alternative instructional
strategies that both improve immediate academic performance, and develop other
abilities in students that enhance long term academic performance and adjustment to
society and the workforce. More research on the professional development of teachers in
an environment that emphasizes their independent action is needed (Shepard, 2001).
Finally, documenting an integrated instructional approach, comprising a set of related
instructional strategies, will provide a research-driven template for successful instruction
that could be examined by others. Taken together, these pieces provide evidence of a
need for a new approach to the conceptualization and delivery of education that will
release greater capacity in students, ultimately producing a brighter, more capable
populace.

At Newsome Park, these elements coincide in one instructional environment.
Many of the reform elements identified are in place and visible through the shared vision
of the school which has been forged over the years through collective input from all
faculty. The active tensions between government policy, educational philosophy, and
individual teacher practice are evident in the functioning of the school. The willingness
of the administration and teachers in the school to engage in research allows these

processes to be studied, and new learning about negotiating these tensions to be formed.
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CHAPTER 3: METHODOLOGY

Purpose

The purpose of this research is to document the influences on and characteristics
of a unique approach to teaching, specifically in mathematics instruction, by third and
fourth grade teachers. The approach stems from the teachers’ sense of personal agency,
philosophy, and beliefs about students, and includes elements of reflectivity, personal
responsibility, careful attention to student thinking, and faith in the abilities of students.
The research has been conducted in three classrooms at Newsome Park in Newport
News, Virginia. The broader context of their teaching is an environment of collaboration,
research and continual improvement emphasized across the school and encouraged by the
administration in an environment of high stakes semester. The three teachers — Sasha,
Sydney and Eisah — are committed to involvement in ongoing research to improve their

practice as teachers, and to enhance their students’ learning.

Setting and Sample Characteristics
The demographic characteristics of the sample classrooms accord reasonably
well with the overall characteristics of the school with regard to racial balance, free and
reduced lunches, and class sizes. At Newsome Park, the student body of this urban
school is 52% African American, 40% Caucasian, and 8% other ethnic groups. These

percentages are approximated in the three classrooms, which have 48%, 53% and 55%
African Ameriean students and 43%, 42% and 35% Caucasian students. Of the 750

students at Newsome Park in kindergarten through Grade 5, 58% are eligible for free or
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reduced lunches compared with 48%, 60% and 63% in the three classrooms under
investigation. The school has special education students, those with learning disabilities
(LD), emotional disturbances (ED), and speech difficulties. They total about 10% of the
school population. About 50 of the students come from the “shadow zone”, or the natural
draw area around the school. The school has heterogenous ability grouping as opposed to
tracking, and students of all ability levels, including special education and support
children, are integrated across the classrooms. Class sizes in the school average around
20 students per classroom (Bender, 18 February 2003). The school practices looping,
where a teacher stays with the same group of students for two years. Kindergarten and
Grade 1, Grades 2 and 3, and Grades 4 and 5 are the three loops in the school. All three
teachers are women, of Caucasian European background, in their early twenties to early
thirties. Although one of them had another profession before teaching, they are all in
their second year of teaching. The data were collected in their second year of
collaboration together. Demographic details of their classrooms are listed in Table 1.
The school and particular classrooms in which this research is being conducted
have unique features. The school itself has been recognized nationally for its innovative
programs. For example, the United States Department of Education (USDOE) in 2001
named Newsome Park a Comprehensive School Reform Demonstration Program
Promising Site. In 1998, it was listed as a National School of Character; Eschoolnews
highlighted Newsome Park in May 2001; it was recognized by the Lucille and David
Packard Foundation in 2001; and was one of nine schools highlighted by USDOE and

Stanford Research Institute (SRI) in their international study “Effective Use of
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Classroom 1 (3"

Classroom 2 (3™

Classroom 3 (4™

Grade) Sasha Grade) Sydney Grade) Eisah
Total Number of 19 20 21
Students
Boys 10 (53%) 9 (45%) 10 (48%)
Girls 9 (47%) 11 (55%) 11 (52%)
African-American 10 (53%) 11 (55%) 10 (48%)
Caucasian 8 (42%) 7 (35%) 9 (43%)
Other 1 (5%) 2 (10%) 2 (10%)
Free & Reduced 12 (63%) 12 (60%) 10 (48%)
Lunch
Special Education 1 1 1

Technology”. The George Lucas Foundation highlighted the school in the Winter 2001

issue of their Edutopia newsletter. As one of only a few constructivist schools in the

country, its programs receive much attention. As well, within the Newport News School

District, its scores have shown significant improvement, attracting the attention of

administrators in the school district. Finally, it would be difficult to justify a clear

separation between innovative teacher practice and the context in which it develops

! Percentages in table rounded to the nearest whole number; teacher and all other names

are pseudonymes.
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in the school because of the close interaction between the teachers, administration and
students, the concentration of research activity at the school, and the outreach of the
school in sharing its programs with other schools. As a result, it exhibits unique features
worthy of in-depth study, with both unique features and active participants who are
interested in participating in research.

The school has focused on innovation and change in instruction since its origin
eight years ago. Some of the issues discussed at the school as important elements in their
process of continuing transformation and school improvement — the role of
administrators; standards; the impact of collaborative effort — are highlighted by Ferraro
(1999) in a summary of the major reform issues in America today. The focus on constant
improvement is fueled by the administration’s focus on theory and research as triggers
for learning and change. Over the history of the school, a number of books have been
used as roadmaps for planning organizational and instructional change. The key book is
called Roadmap to Restructuring by Conley (1993) which details a plethora of aspects
that need to be addressed in a comprehensive school wide restructuring program. This
motif of complete restructuring, aligning all aspects of school functioning within an
integrated paradigm, is the focus of school leadership (Bender, February 10, 2003).
Another book by Levy (1996) outlines the independent process of one teacher in
restructuring the curriculum and functioning in his classroom. Levy came to the school
for an inservice training, and his ideas have been used as a source of ideas for policy and
action within the school. Other books referenced include Building Leadership Capacity
in Schools (Lambert, 1998) and The Constructivist Leader (Lambert et al., 1995). All of

these sources, and others, provide theoretical support for the continual evolution of
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instructional practice and school wide restructuring. They are studied by the
administration, referenced in staff meetings, and applied in varying degrees by teachers in
the school. Many of the teachers have read some of these books, and most of them are
familiar with the major themes they outline. As a result of its saturation in such ideas, the
school environment has an expectation of constant reference to research, literature, and
theory on school reform and instruction, and of ongoing reflection and change in practice.
This learning mode assists in supporting the teachers in school as they experiment within
their own classrooms. The integrated and purposeful approach to instructional change
reflects Desimone’s (2002) review of the research on effective comprehensive school
reform, which found that those reform efforts that are more consistent and authoritative

have a greater impact.

History of the Project
Phase 1: June to December 2002

Old Dominion University has been collaborating with Newsome Park for a
number of years through the faculty in the Darden College of Education. The school
officially became a Professional Development School (PDS) of Old Dominion in
2001/2002, partly because of this collaboration. Steven Johnston, the principal of
Newsome Park, was very interested in conducting research at his school on the
effectiveness of various practices being used. In collaboration with faculty it was decided
to offer support for teachers in summer 2002 to develop a research program for the
2002/2003 school year focused on assessment. Teachers were funded for 40 hours in the

summer to develop activities and programs focused on assessment for use in their
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classrooms, with the idea to spread the practices to as many classes as possible and make
them relevant across grade levels.

Two teachers — Sasha Hawley and Eisah Mattei — decided to focus on
metacognition and how this helps students learn. They met the researcher, Kamilla
Bahbahani, in a meeting on June 18, 2002 at Newsome Park and decided to collaborate.
Kamilla and Sasha met on June 25 for over three hours to talk about the research. They
agreed the major question of interest was metacognition, how to teach it, how students
learn it, how to tell when you are being metacognitive and when you understand
something. They worked on a document that provided the first outline of the
metacognitive strategies that would be priorities for the students in solving math
problems. The next day, Kamilla, Sasha, Eisah and a faculty member met to talk about
the research program. The team broke up the work on metacognition between Sasha,
Eisah and Kamilla and set up a communication system for the summer to collaborate on
development of ideas and materials. Eisah was central coordinator, pulling materials
together and creating diagrammatic representations of the ideas. She also wrote up the
minutes from the meeting outlining the major ideas. Sasha wrote up the different types of
cognition and their relationship to metacognition. Kamilla wrote up the project
description and research design.

Eisah and Sasha formalized their strategy and began implementing it from the
start of the school year. The major components were a flowchart of the cognitive and
metacognitive strategies to be used in math (see Appendix B); revised math talk journal
pages that asked students to indicate what “thinking strategies” they used while solving a

problem (see Appendix C); and an implementation strategy that outlined seven major
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aspects of teacher practice (see Appendix D) The flowchart of cognitive and
metacognitive strategies was introduced to the students, but the focus in the first part of
the fall semester (September to November) was on the first column of strategies: read
and reread, imagine, find important ideas, and make a plan. The other strategies were
used as well, but the first part was emphasized so that students would have a manageable
set of skills to learn. The implementation strategy included the use of cognitive strategies
in classroom discussion; modeling the strategies throughout math talk sessions; reciprocal
teaching; and consistent, formalized use of language so that students would begin to feel
the patterns of thinking associated with effective problem solving. Through constantly
referring to the process of thinking through problems, the teachers hoped that students
would use the metacognitive skills as coping strategies when they came to difficult
concepts.

Over the fall, various changes were made to their implementation procedures.
First, Sasha changed the term “thinking strategies” to “thinking tools” based on a student
request. This seemed to be a more a more understandable moniker for the students. Then
Sasha and Eisah began using a strategy called “the List” that was developed and
successfully implemented by Sydney Bentley, another third grade teacher. This strategy
combined goal setting and motivational measures and had great success inspiring
students to learn skills in math. The List was created as a way of monitoring what
students had learned which skills so that the teacher could focus instruction and decide
when to move on, and the students could develop an awareness of what they know and
need to work on. Each morning the teacher assigns a short math problem addressing a

current skill. Students approach her when they are finished and together decide if they
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“have it” or not. If they do, their names go up on the List, a large piece of paper on the
board. The students are given other opportunities during the day to work on this skill,
and those who “have it” are treated as the class experts who go around and assist those
who do not yet understand the process. Extra practice worksheets are available for those
who still do not understand and they have the opportunity the next day to demonstrate
their mastery. This strategy has been immensely popular with the students and resulted
in rapid acquisition of new skills. It is also an example of the need to view these
strategies holistically. The List is dependent on creation of a supportive, collaborative
community of learners who use effective questioning techniques and are conscious of the
processes of problem solving (i.e., are metacognitive learners). Without these elements,
the List can become a competitive activity and cause students to withdraw from learning.
Other instructional strategies were experimented with during the fall. Sydney
tried offering the students the choice of which math talk problem they wanted to do,
placing the choice in the students’ hands. This was adopted by Sasha and Eisah. It had
variable degrees of success, and has continued to be used as one variant in math talks.
Sydney and then Sasha began experimenting with different groupings for the math talks,
grouping students of more similar ability together. This resulted in higher levels of
engagement for the students with lower ability levels, but was a challenge for the more
advanced students as they did not have a sufficient level of motivation to work to their
full capacity if unsupervised. Sasha added a goal setting piece to the math talk journal
pages in addition to an announced daily random check of five students’ journal pages.
These two elements combined to produce a sudden increase in excitement in math and in

diligence in completing the journal pages. After attending the Association for
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Constructivist Teaching conference in October, together with Sasha, Kamilla, and other
teachers at Newsome Park, Sydney agreed to become involved formally in the research
project. The issue of transfer of the metacognitive skills to other subject areas was
explored as well by the teachers. They found students beginning to use the terms from
math in other subjects. All of these strategies, implemented in an “action research”
environment, were worked, reworked, discussed and modified throughout the fall
semester.

Phase 2: January to June 2003

As the teachers accelerated their experimentation and learning about classroom
practice, Kamilla intensified her research attempts to understand the reason behind the
methods they used. Although the focus of the research initially was on the instructional
practices used by the teachers, deeper issues began to emerge. Through discussion of
these practices, the teachers’ beliefs about teaching, their students, their colleagues and
their experience at Newsome Park became evident. It became clear that behind each
discrete instructional strategy was a wealth of beliefs reinforcing its use, as well as
internal dialogue as teachers attempted to balance conflicting pressures and mental
images about what constitutes a good teacher.

The research continued with observations and more frequent teacher interviews
and focus groups. The dialogue of the teachers served to expand the research question
and interview prompts as they combined discussion of specific strategies with reflections
on educational philosophy and the work of their colleagues. The interactive process

produced a wealth of data that was analyzed by the researcher over the next nine months.
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Sampling

Within the school a variety of approaches to instruction is used within the overall
framework of supporting active student learning and self-reflective practice. Purposeful
intensity sampling has been used to identify three classrooms where the teachers are
actively using an integrated set of instructional strategies with the goal of increasing the
levels of autonomy and performance in their students (Creswell, 2002; Patton, 1990).
The classrooms were chosen based on the following characteristics: active use of math
talk and metacognitive instructional strategies; engagement of the teachers in reflective
teaching practice; and their willingness to participate in a research process involving
experimenting and learning with their students.

The three teachers are recognized by the school administrators as proficient
collaborators. In addition to being competent teachers, they already participate in the
overarching assessment research project currently undertaken in the school, and have
been called on to make conference and staff development presentations both within their
school district and nationally. Eisah has presented at an educational conference in West
Virginia, as well as numerous times within the school and school district. Sasha and
Sydney traveled to Texas to present at an annual meeting of the Association for
Constructivist Teaching. Sasha presented her summative evaluation at a meeting of
principals in the school district. Sydney also presented at two district wide trainings on
positive discipline. It is important to note that the teachers involved with this project
were active participants in the identification of a research area, development of strategies

for use in the classroom, collection of data, and some aspects of data analysis. They have
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committed fully to involvement in the research project, agreeing along with the
researcher to a shared set of responsibilities (see Appendix A).

Sasha, Sydney and Eisah emphasize an integrated set of instructional strategies in
their third and fourth grade math classes. Based on their philosophical orientation,
beliefs about student capabilities, review of literature, and their own experiences, they
have developed a framework for cognitive strategies that they want students to adopt to
facilitate their problem solving abilities in math. The framework is operationalized
through an evolving set of strategies designed to assist students to internalize the
strategies, and supported through other teacher practices that are infused into their
classrooms: questioning, think-alouds, flexible grouping, and others. Their pedagogical
approach has been developed through reference to the research literature, professional
training, collegial interaction, and personal experience. It is based largely on the
constructivist educational philosophy and comprises a set of interrelated strategies, skills,
and attitudes towards students and math learning. The strategies within this approach
consist of both best practices for constructivist education, and new strategies that were
devised by the teachers. All of these have been modified by the teachers through
experience and dialogue with their colleagues with the explicit goal of enhancing student
metacognition.

The current operationalization of their instructional strategy contains many
elements. The framework (see Appendix B) has been presented to the students who
discuss it in class, have it posted at the front of their math books and on the wall, and
refer to it, prompted and unprompted, during math sessions. Each math talk session,

usually four per week, revolves around a math talk journal page (see Appendix C) where
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the students show their representation of the problem, indicate what strategies they used,
and write a reflection on their experience that day and plans for future math talks.
Following individual student work on a math problem, a group discussion session
provides the opportunity for students individually to present their problem solving
methods and discuss among their peers why they “agree or disagree” or what they would
“add” to their representations. Dialogue is primarily student to student rather than
teacher-centered; when this does not occur naturally, the teachers facilitate it. The
teachers prompt discussion of thinking processes with questions such as, “What thinking
tools did you use?” The students use this language, and have begun to prompt each other
to describe thinking processes rather than just provide and accept solutions as answers.
Preliminary observations show that the teachers also model thinking processes when

helping students work through problems.

Theoretical Basis of Research Approach

The theoretical approach to this work is that of multiple perspectives and multiple
voices. Any situation can be approached from more than one perspective, and each
perspective brings a unique and essential understanding to that situation. Feminist
literature places a strong emphasis on recognizing the multiplicity of voices in a situation,
and providing opportunities for them all to be heard. Edwards and Ribbens (1998)
discuss the importance of voice in a wide range of research, and the role of feminist
research in recognizing and giving a place for these voices. In their view, the job of the
researcher is not to evaluate the relative merits of each position, but rather to allow the

multiple perspectives to be voiced. The challenge of representing those voices fully

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

requires honesty about one’s perspective and discussion of emerging research findings
during the research process so that dialogue about the perceptions of all participants —
university researcher and others — can be explored fully and integrated into the work
(Kirsch, 1999).

In this research, the voices of the teachers, students, administrators and the
university researcher all are considered and balanced against each other to gain a full
understanding of the processes at work. This approach combines constructivist,
advocacy, and participatory approaches. From constructivism, the researcher takes the
beliefs that the goal of research is to increase understanding, and that it requires the
participation of multiple partners who bring their diverse meanings to the construction of
this understanding. From the advocacy and participatory approaches it borrows a
collaborative approach to research, where the teachers and students work equally with the
researcher in developing an understanding of the phenomenon under study (Creswell,
2002).

Work on teachers as researchers, learners, and participants provides a theoretical
framework for understanding this particular approach to research. The idea of teacher as
researcher is explored in many works, including that of Miller (1990). Miller carries this
idea further, however, focusing on the idea of a research team, and of the research
process as a constantly evolving dynamic involving redefinition of roles. Its goal is to

create a metaphorical space in which dialogue about teaching can occur. Cazden (1986)
identifies a need for research in real life classrooms rather than prestructured and

research-oriented ones.
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The three teachers are “radical pedagogues” (Giroux, 1983, p. 238) in their
commitment to eliminating social differences based on race and class, in promoting
democracy in the classroom, and in creating links and community with other teachers in
their attempts to promote change. However, this is not the framework they choose for
themselves, seeing their work simply as helping all their students to learn. The absence
of any agenda aside from student empowerment, and the enthusiasm and collaborative
focus rather than bitterness and divisiveness, make their work all the more radical. They
differ from the radical teacher perspective in their active functioning to create changes
from within the administration and lack of attempt to dismantle the existing system, while
still believing it needs to be radically transformed.

Greene (1973) argues for a perspective of the teacher as outsider, distanced from
the norms and expectations of her cultural group. In this way, a dynamic of questioning
and reflectivity is created that can transmit itself to students; without it, a teacher cannot
expect her students to engage in self-reflection. She writes,

Our concern throughout this book has been to make that person visible to himself.

If the teacher agrees to submerge himself into the system, if he [sic] consents to

being defined by others’ views of what he is supposed to be, he gives up his

freedom “to see, to understand, and to signify” for himself. If he is immersed and

impermeable, he can hardly stir others to define themselves as individuals. (p.

270)

The literature shows the complexity and richness of involving teachers as partners in

research.
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Research Design

A qualitative case study design using participant observation was chosen as most
appropriate to address the questions being researched. Part of the rationale for a
qualitative design is that the main goal of the research is to describe the nuances of an
interactive process by which the teachers integrate a diverse series of influences into their
personal choice of instructional strategies. This process will be identifiable only through
hearing the words and personal experience of the teachers involved, rather than isolating
and measuring particular variables associated with their performance (Patton, 1990). As
well, the teachers involved use adaptive instructional methods and constantly refine their
approaches to meet the needs of the students more effectively. With the classroom
situation constantly evolving, a static quantitative design would be inappropriate.
Qualitative methods are best suited to emerging situations and processes (Patton, 1990).

Case studies often are used when there is a need to study a particular phenomenon
in depth. Yin (1981) states that case studies are a unique research methodology
necessitated by situations where the boundaries between the context and the issue being
studied cannot be drawn distinctly. Eisenhardt (1989) emphasizes that the process of
developing theory from a case study requires repeated cycling between analysis of data
and development of theory, so that the theory developed is based in the data of a
particular situation. Creswell (1998) distinguishes a case study from other forms of
qualitative design as being the study of a bounded system, requiring collection of
multiple data sources to develop a complete picture of the case being studied. In contrast
to an ethnography, the focus is not on the functioning of the entire system but on some

aspect of it.
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The next key feature of the research design is the use of participant observation.
According to Patton (1990), participant observation involves a different approach to
research from the “detached researcher” common in quantitative and some forms of
qualitative research. Creswell (1998) suggests that it is possible to change perspective
from complete involvement to outsider objectivity within the framework of participant
observation. Truth is sought through the details of daily life as experience by those being
researched, rather than through objective measures conducted by those doing the
research. Truth is constructed by the interaction of the researcher with those being
researched, with perspectives jostled back and forth to construct a rich, textured
description of their experience. The researcher is involved in this iterative process of
meaning making; her participation, however, is not viewed as a source of bias, but as a
method of gaining insights that could not be observed if she took a more distant
perspective. Indeed, some theorists on qualitative research such as Deutscher, Pestello
and Pestello (1993) and Dewey believe that trying to understand a phenomenon by
isolating its individual elements inherently will produce an incomplete understanding of
the reality and totality of the event (Patton, 1990). Finally, the researcher checks her
perceptions and observations with those involved and discusses emerging findings and
conclusions with the “subjects” of the research to confirm their validity; such an
approach is used to ground the conclusions in the lived world of those being researched,
although the researcher still retains her responsibility for analysis and interpretation of
findings. This is distinct from a collaborative design where the conclusions and research
findings would be codeveloped among all participants, representing their consensus or

majority agreement about the research.
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This research project involves the teachers actively in improving their
performance. Such a model of research could be termed action oriented, although it is
not action research. The importance of having the teachers involved, and of their own
autonomy and creativity, provides a rationale for an evolving research framework (Cook
et al.,, 2002). This is in contrast with designs that look for statistically significant results
by standardizing teacher practice. Not only would this be inconsistent with the goal of
this inquiry, it would have created an ethical dilemma for the researcher as it would
constrain effective teacher practice and remove teachers from the research equation as
dynamic participants.

The strength of a naturalistic research design best can be described through
Lincoln and Guba’s (1985) work with their concept of trustworthiness, rather than the
quantitative paradigm concept of validity. The main threat to trustworthiness in this
design related to human bias, both by the researcher and by collaborating teachers. A
number of methods were used to alleviate this threat. First, the researcher used member
checks with the teachers to check researcher observations against teacher perceptions of
the same phenomena. Member checks are confirmations of the appropriateness of
findings with the “members”, or those from whom data is gathered. The researcher
presented emerging descriptions of the classroom processes to the teachers and asked
them to comment on ways in which these descriptions converged or diverged from their
understanding of their teaching and student response to instruction. Periodically, the
researcher presented emerging findings to the collaborating teachers and asked for their
response as to how accurately these represented their experience. Similar discussions

occurred in the focus groups, grounding the researcher’s interpretations in the
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perspectives of the teacher. All such member checks resulted in confirmation of the
emerging ideas, and enabled the research to delve deeper into the issues being described.
There were no major disagreements with researcher findings over the year of data
collection; what happened instead was that, if a researcher comment did not fully reflect
their entire perspective on an issue, the teachers would elaborate, allowing both the
teachers and the researcher to gain a more complete perspective on the issue. This
process of collective meaning making led to new ways of understanding the data that
integrated the perceptions of all teachers and the researcher. The teachers considered the
researcher’s observations as accurately reflecting their personal experience, and their
feedback was considered as a tentative affirmation of the findings. The results (Chapter
4) also were sent to the teachers for their comment. Attempts were made throughout the
process to make the research and analysis methods clear to all participants as per Anfara,
Brown, and Mangione (2002).

Participant observation was chosen since the goal of the researcher is to develop
explanations for the data that are comprehensive enough to encompass divergent
perspectives. Differences in perspective were few, and were explored through further
dialogue to resolve the issue, identifying either the underlying commonality in
perspective or the points on which the teachers disagreed. Coexistence of alternative
perspectives was accepted. Fortunately for the researcher, the participating teachers and
the researcher reached consensus about the majority of the happenings in the classrooms.
This is ideal because it means that the findings are able to accommodate the multiple
realities of all those involved in the research. It implies that the findings are more

overarching and transferable since they can account for the experience of many within
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one explanatory framework. In other words, differences in perspective have been
accommodated within a single theoretical explanatory paradigm. This idea is supported
by Eisenhardt (1989) who states that the use of multiple investigators in case study
situations enhances confidence in the conclusions drawn, since they reflect multiple
perspectives rather than the potential bias of a single researcher. The researcher retained
the role as primary interpreter, reserving the right to determine the final wording to be
used in presenting the findings.

Next, clear audit trails were kept by the researcher, detailing the methods used in
research and analysis (Miles & Huberman, 1994). These should make the research
process transparent to readers. It also helped the researcher during the research process
to stay aware of potential sources of bias and of how the planned research structure was
being implemented in reality. One tool for this was a field notebook where details about
interviews, observations, focus groups, and other data collection processes were recorded
sequentially. This assisted in tracking the different sources of data and provided the
researcher with an effective check on the progress of the research. Another was a data
collection schedule which outlined the targets for data collection and ensured that
appropriate data were collected with respect to time, place and other variables. Because
of the variation in the teachers’ and researcher’s schedules, these schedules continued to
evolve over the year. Appendix J shows the data that were collected and the dates of

collection.
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Research Questions
The research addressed one major question: What influences, and what
characterizes the approach to teaching, of three exemplary constructivist oriented
teachers? This question is an exploration of ways in which these teachers integrate their
sense of self, philosophies, collaboration with colleagues, and beliefs about students, to
generate an integrated set of instructional strategies for math.
To understand this issue fully, a number of subthemes were examined:

e What are their beliefs about teaching, their students, their colleagues, and their
school?

e What are their working definitions of constructivism and direct instruction?

e What types of professional discourse do they encounter and seek out?

e What influences do the teachers identify on their philosophies of education?

e What influences do the teachers identify on their knowledge of strategies for
instruction?

e What do the teachers consider in deciding what strategies to use?

e How does preparation for standardized tests affect their instruction?

e What motivates the teachers to change their instructional approaches, rather than
continuing with the methods they already use?

e How do they weigh the needs and demands of multiple audiences for their
instruction: students, administration, parents, researchers, peers, others? What
role does their personal philosophy play in this process?

e What level of integration of theory and practice do they have?

e Do they use different approaches for different students? Why do they do this?
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e Do they note a synergy between the different strategies?
e What are the plans and actual implementation of pedagogical strategies by the
teachers?

Additional questions and issues were developed throughout the data collection period as
new issues emerged through their activities and their comments. Because of the high
level of collaboration among the teachers, and because of the high level of agreement
among their different philosophies, statements and practices, the main unit of analysis
was of this collaborative group of teachers. Conclusions were drawn about their overall

instructional approach, and presented as an integrated case study in Chapter 4.

Human Subjects Review

Appropriate Human Subjects Review procedures were implemented to ensure
confidentiality for the participants. An application to the Newport News School District
to conduct the_ research was approved. The research also was approved by Old Dominion
University’s College of Education Human Subjects Review Committee. The research
was recognized as Human Research Exempt according to Virginia Standards for Human
Subjects Research, Section A #2, sub-section (c). Although audio recordings of students
and teachers were made, these were deemed as exempt since the questions under study
are of a general academic nature. No sensitive or potentially incriminatory topics were
addressed. It is worth noting that the goal of the research was description rather than
evaluation; this helped ensure that the data collected and researcher conclusions focused

on descriptions of beliefs and practices rather than evaluating the effectiveness of
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individual teachers. As a result of these considerations, it was deemed that the level of
risk was not inappropriate to the participants.

Audio recordings are stored by the researcher in a secure location without names.
The recordings will be destroyed once research and analysis are completed. Pseudonyms
are used for the teachers and students, but permission was granted to use the name of the
school and school district throughout the dissertation. The teachers, as active participants
in the research process, may copresent with the researcher at conferences or be listed on

publications. This level of confidentiality is deemed acceptable by the participants.

Data Sources
Five main data sources are used. The emphasis on teacher responses and beliefs is
discussed by Langer (2001), who refers to her previous work to emphasize that successful
instruction is based more on how the teacher adheres to particular underlying beliefs
about teaching and learning, rather than on the particular instructional methods that are
used. Similar beliefs might result in a wide range of instructional practices. One
implication of this is that adoption of particular practices by teachers in absence of an
appropriate structure of belief may not produce beneficial results. It is as important to
look at what teachers believe as what they do in the classroom. For this reason, the
research focused on beliefs about learning as well as specific practices. This was
combined with interviews, observations of classroom behavior, and researcher field notes
to triangulate the data and provide multiple sources of information for addressing the

research questions (Creswell, 1998; Patton, 1990).
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1) Observations and Audio Taping of Math Talk Sessions in Three Classrooms
Based on teacher input and researcher perspective, class sessions were chosen for
observation or recording throughout the year (see Appendix D for an observation
protocol). The teachers identified sessions where they planned to use methods they were
excited about or where they knew that the class would not be interrupted by other school
activities, as well as regular class sessions. Out of respect for the teachers, random visits
were not used, although they were extremely flexible in terms of accommodating
researcher visits. A form of information-rich sampling known as intensity sampling was
used to ensure that promising sessions were recorded. These are contrasted with some
more typical math sessions, chosen through confirming or disconfirming case sampling.
Information-rich sampling involves choosing cases that contain information that will help
address the research question, rather than using a statistical procedure to identify a
random sample. Intensity sampling involves choosing cases that show the phenomenon
under study to a heightened degree. Confirming or disconfirming case sampling involves
choosing cases that can support or raise questions about previous findings (Patton, 1990).
In this way, class sessions that promise to illustrate teacher strategy use were chosen for
study. These were combined with more ordinary class sessions (disconfirming case
sampling) to see if similar methods were used on ordinary instructional days. A total of
32 class sessions were observed over the study period, exceeding the target number of 30

observations. All recordings from these observations were transcribed and analyzed.
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2) Informal Discussions with Teachers

Following most classes that the researcher observed, she met with the teacher(s)
to discuss what happened during those sessions. The teacher shared her observations
about what happened during the session and how it was similar to or different from other
sessions; noted highlights in terms of student learning, understanding or exhibition of
strategy use; expanded on ideas for modifying methods based on the events of that day;
and reflected on questions about instruction and student response. The researcher shared
her observations on the types of instructional strategies used; characteristics of student
response; and unusual actions by students, such as heightened use of questioning methods
or sudden involvement of one student who was previously uninvolved. The researcher
took notes on a laptop or made audio recordings during these discussions. Discussions
continued in person and by phone and email through the summer and fall, allowing a

longer time period for reflection on the data.

3) Formal Interviews with Teachers
The researcher arranged a number of formal interviews with each participating

teacher, using a semistructured interview protocol. The interviews followed a dynamic
format, fostering open discussion of a wide range of issues in education and within the
teachers’ classrooms. In addition to issues of choice of instructional methods and
influences from other sources on their own and student learning, the interviews explored
affective elements such as beliefs about learning and teaching, frustration or satisfaction
with the progress of the project, personal educational history and future plans, and other

topics (see Appendix F). Approximately five in-depth interviews were conducted with
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each teacher over the year long research period (See Appendix J for summary of the data
collected). These were held in various locations, primarily the school but also over the
phone and in coffee shops. By the end of the research period, all new data confirmed
existing explanations derived from analysis, and no further interviews were deemed

necessary (Glaser & Strauss, 1967). These interviews were audio taped and transcribed.

4) Teacher Electronic Journals
The participating teachers submitted periodic reflections on their work and
student learning via email to the researcher. In addition to open ended thoughts and
reflections, a set of question prompts served to facilitate response. Comments covering a
wide range of topics were encouraged, those concerning the process of research as well

as the details of classroom practice (see Appendix G).

5) Focus Groups with Teachers

A‘ total of five focus groups was held over the year. These allowed teachers to
gather together and discuss the development of their teaching strategies and student
response to their instruction. They began in the spring and allowed the teachers and
researcher to bring together some of the issues that had emerged in the earlier part of the
research process. An interview protocol consisting of open ended questions and probes
was used (see Appendix H). The questions continued to grow and change throughout the
year as new issues emerged and the researcher gained a deeper understanding of how
these teachers thought about themselves, their students, their colleagues and their

instruction. As well, wherever possible the teachers guided the discussion by sharing
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what they were reflecting on at that time. This helped avoid researcher imposition of a
framework onto their thinking, allowing their own ideas to emerge. The goal of the
sessions was to explore the interactive nature of instructional change for teachers and
learners, and to capture the reflective practice of this group of teachers. The sessions

were audio taped and transcribed.

Additional data were gathered from administrators, students, and other teachers at
the school, such as emails, observed conversations and interviews. This data proved

useful in understanding the context within which the teachers worked.

Criteria of Trustworthiness of Findings

As this is a qualitative case study, the main instruments used were the researcher
and interview protocols. The researcher used audit trails and member checks to address
the issue of researcher bias. By detailing the procedures followed for data collection and
analysis, the researcher made possible external validation of the research process as a
check on personal bias. The process of reflecting on the research and recording
procedures in detail also revealed to the researcher areas of potential bias. An additional
tool was member checks, with the researcher sharing emerging findings and codes
repeatedly with the teachers and discussing areas of agreement and divergence.

To ensure reliability and validity of the interview protocols (see Appendixes E, F
and H), they were reviewed by committee members and other graduate students to verify
their content and face validity. Their feedback indicated that the protocols covered an

appropriate range of subjects and would allow the researcher to address the research
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question. The protocols also were field tested with the teachers to determine their user
friendliness and appropriateness. Modifications were made based on these suggestions,
with some questions added and others removed. As an additional check on the reliability
of the coding scheme, a reliability check by another researcher served to verify the fit of
the codes to the data. The researcher read through the codes, discussed the data available,

and made some suggestions for codes to be added and merged.

Data Collection Procedures

Data collection took place over the course of one year (June 2002 to June 2003).
Interaction with the teachers over a one year period allowed the researcher to document
their thinking over time as their ideas and practice evolved. Background information
about the school and the assessment project were collected from June to December 2002.
These data were coupled with interviews and observations that explored the dynamics of
the three classrooms involved and student response to different instructional methods.
Analysis of field notes and transcripts of classroom observations and interviews from
September to December 2002 provided an initial list of themes of teacher practice and
thought, as well as useful data points illustrating their philosophy and practices.

The bulk of the data collection occurred from January to June 2003. Informal
discussions, interviews and focus groups with the teachers were spread from the
beginning to end of this time period. The researcher frequently debriefed with the
teachers after each day spent conducting observation or recording in the classroom.
These informal interviews supplemented the longer, formal interviews that were audio
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