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Expectations for teachers entering the profession embrace new visions of
teaching and learning that require reforming—not just fitting into—existing
teaching practices (Cochran-Smith, 1991; Liston & Zeichner, 1991). As
teacher educators in mathematics and English language arts, we recognize
that setting high standards for beginning teachers (National Council of
Teachers of English [NCTE] & International Reading Association [IRA],
1996; National Council of Teachers of Mathematics [NCTM], 1991, 2000)
requires pursuing high standards for our own practice. In Michigan State
University’s five-year teacher certification program, TE 401 (Learner
Diversity and the Teaching of Subject Matter) is fourth in a sequence of
five preinternship teacher education courses, and the first course that
focuses more specifically on teaching subject matter (e.g., pedagogy,
curriculum, and planning, how learners construct knowledge). Upon
completion of their BA degree, teacher candidates participate in ayear-long
internship while taking four additional MA-level courses to receive teacher
certification.

In our team teaching of an integrated version of this methods course

focused on teaching and learning in mathematics and language arts, the
three authors created various assignments and projects designed to promote
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an inquiring stance toward devel oping on€’s curriculum and classroom
practices. We also wanted to provide a context for exploring connections
among subject matters that lead to enhanced learning for al children. In one
project, which was offered at the beginning of the course, teacher candi-
dates worked in small groups to generate an inquiry question about dis-
course in mathematics and used hypermedia materials to explore various
connections among mathematics, language and literacy. The project was
intended to provide foundational experiences for our semester-long
exploration of curriculum and methods in elementary mathematics and
language arts and help our preservice teachers conceptualize literacy as
foundational knowledge that is required for learning in the subject areas of
the elementary school (Pearson, 2001).

The hypermedia environment consisted of an extensive set of multimedia
materials that document teaching and learning in Deborah Ball’ s third-grade
mathematics classroom where extended discourse about mathematical ideas
and students’ written work are central features (Lampert & Ball, 1998). We
made available a subset of materials including videotapes and transcripts of
consecutive lessons from the end of the school year in a unit about frac-
tions, students' notebooks and quizzes, and the teacher’ s journal. These
materials were catalogued and could be searched and accessed at each of
the eight computer work stations in a teacher education classroom. In
electronic notebooks, groups of teacher candidates recorded their own
guestions and ideas about their investigations. They could also cut and paste
into the electronic notebook from any of the data sources, as well as create
and enter “vidbits” from the video disks. These group notebooks became a
written record of how a group’s investigation unfolded over time, docu-
menting both the data that a group examined and their emerging interpreta-
tions.

The unique features of this environment made it a potentially rich resource
for an introductory methods course aimed at helping novices construct new
visions of teaching and learning that they may not have experienced
themselves. Asteacher educators reform their practices through the use of
new technologies, we must ask whether and how preservice teachers are
learning from reconceptualized courses and alternative experiences (Hous-
ton & Clift, 1990). Therefore, we engaged in action research into the
following question: What happens when technology (hypermedia) is
integrated into teacher education instruction to help teacher candidates
explore connections among mathematics, language, and literacy?
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This article begins with a discussion of the theoretical framework that
informed our course development and use of technology as atool to explore
subject matter connections. The next section describes our methods of
inquiry. In the third section, the support provided throughout the hyperme-
dia project and the remainder of the course is outlined. Then our findings
from our study of course evaluations of four cohorts of prospective teachers
(n=87) are discussed and the written work produced from one small group
per cohort (n=13). Thisisfollowed by a detailed portrait of three prospec-
tive teachers' learning during the hypermedia project and throughout the
remainder of the course to illustrate concretely how their learning devel-
oped over time. In the final section, the learning opportunitiesin the
hypermedia environment, the structure and timing of the hypermedia
project, and our current thinking about future use of the environment are
discussed. Implications for teacher educators who are interested in using
hypermedia technology as a learning tool for prospective teachers are
also suggested.

THEORETICAL FRAMEWORK
Exploring Connections Across Subject Matters

Newer visions of using the five language modes (reading, writing, speak-
ing, listening, viewing) to explore subject matter persist (Calkins, 1991,
Griffiths & Clyne, 1994; Moline, 1995; Rosaen & Roth, 1995; Whitin &
Wilde, 1992, 1995; Zemelman & Hyde, 1993), even though teachers have
experienced a variety of difficultiesin implementing these approaches over
the years (Pearson, 1994). For instance, teachers may have considerable
expertise in teaching in one subject matter area (e.g., science, mathematics,
history), but limited knowledge in how to bring teaching strategies from
another subject matter area (e.g., language arts) into their teaching in
meaningful ways (Langer & Applebee, 1987). Moreover, even when
teachers are given considerable support by their school districts to adopt
new approaches such as writing workshop or literature-based reading
instruction, some still merely imitate surface features of the practices
without having a good understanding of the theoretical underpinnings
which guide the practices (Spillane & Jennings, 1997). This may limit
learners’ opportunities to use language processes to explore ideas and
concepts in rich and meaningful ways.
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Additionally, even as teachersimplement newer models of literacy instruc-
tion, there iswide variation in the extent to which they teach reading,
writing, speaking, listening, and viewing as integrated processes, and even
more variation in the extent to which teachers provide sufficient support for
children to learn to use these processes effectively in subject matter
contexts (Dudley-Marling & Searle, 1991; Lee & Lawson, 1996; Staab,
1992). Severd of these difficulties may be related to the need for teachers
to pay attention simultaneously to multiple issues as they develop curricu-
lum: “validity within the disciplines, validity for the disciplines, validity
beyond the disciplines, consideration to broader outcomes’ (Jacobs, 1989,
pp. 27-30). Learning to foster meaningful connections across the subject
mattersis especialy complex for novices, who are just beginning to
develop a practice within each subject matter area.

The Challenges and Potential of Using Technology

Additional complications arise for teacher educators who are also interested
in helping novices understand and use technology for educational purposes.
We know that to understand and model the use of technology as a*“ cogni-
tivetool” (Reeves, 1996), teacher educators need to use technology as a
learning tool themselves (National Council for Accreditation of Teacher
Education [NCATE], 1997; Strudler, McKinney, & Jones, 1999; Willis &
Mehlinger, 1996). Neverthel ess, multiple challenges emerge when educa-
tors use technology as part of their own pedagogy, such as, “engaging
students in authentic, challenging tasks, carrying out multidisciplinary
projects over extended periods of time, having students take on differentiat-
ed roles in collaborative efforts, assessing performance, and most impor-
tantly, moving from teacher-centered instruction to student-centered
learning” (Reeves, 1996, p. 75). As teacher educators become increasingly
immersed in their own use of technology as atool for “analyzing the world,
accessing information, interpreting and organizing their personal knowl-
edge, and representing what they know to others,” they will be in a better
position to provide such experiences for prospective teachers (Reeves,
1996, p. 74).

We reasoned that novices would need explicit support in understanding

how learners use language processes to develop subject matter understand-
ings prior to their taking on the challenge of developing more sophisticated
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and complex forms of integrated curriculum and teaching. Thus, we looked
for naturally occurring situations where language processes (e.g., discus-
sion, writing) play acentral role in subject matter learning. Deborah Ball’s
third-grade mathematics classroom (made accessible through hypermedia)
provided one example that could be studied closely. Two of us, Rosaen and
Schram, participated in a professional teacher education study group in
which we were able to use the hypermedia materials to frame and pursue
questions related to discourse in mathematics (Heaton, 1995; Lampert &
Ball, 1995) and therefore think about its potential for fostering preservice
teacher learning. This was an opportunity to move beyond the typical
practice in methods courses of examining single videotaped excerpts of
classroom events with little, if any, additional contextual information. It
was also a challenge to figure out how to integrate the use of thisrich
resource as a meaningful pedagogical tool.

A common use of hypermediain teacher education involves teacher
candidates working in predesigned environments to explore and respond to
teaching events and issues, where developers of the materials have orga-
nized classroom data (e.g., edited video segments of classroom |essons)
according to thematic or topical categories (e.g., teacher role, student role,
environment). Additional data may include commentary from teachers and
teacher educators about classroom events, or conceptually organized
information bases that provide written material on topics such as assess-
ment, management and teaching strategies (e.g., Abell, Cennamo, Ander-
son, & Bryan, 1996; Daniel, 1996; Hatfield, 1996; Goldman & Barron, 1990;
Goldman, Barron, & Witherspoon, 1991; Lambdin, Duffy, & Maoore, 1996).

The materials available to us, however, consisted of virtually “raw” data—
long unedited video segments of classroom discussions in which children
do most of the talking and the teacher takes on the role of facilitator, the
teacher’sjournal as she wroteit at the time, and the children’ s written work
both finished and unfinished. As such, we were free to construct curriculum
and pedagogy that integrated the hypermedia materials into the conceptual
frameworks that guided the content and methods of our course. Teacher
candidates could have considerable autonomy in deciding what to look at
and how to proceed with their inquiry. They could play an activerolein
their own learning. Thisinquiry-based approach appealed to us because it
required high level thinking about highly contextualized problems of
practice and the multidimensional nature of teaching (Lacey & Merseth,
1993; Lampert & Ball, 1998; Lampert, Heaton, & Ball, 1994; Spiro,
Coulson, Feltovich, & Anderson, 1988).
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Because the materials span an entire year, it was possible to study the
classroom learning community and student learning over time. Moreover,
the materials made it possible for instructors and teacher candidates to view
classroom episodes together, creating common experiences and a shared
context for discussion and debate. Teacher education students could
develop research and observation skills that they could then use in actual
classroom settings during field experiences. The layout of the computer
lab—with group work stations and a central gathering area furnished with
tables and chairs—accommaodated both small group work and large group
discussion of the materials, where technology could become an integral part
of, not just a supplement to, our teacher education course. Nevertheless, we
still faced pedagogical questions related to the nature of support needed by
teacher candidates to use this technology for inquiry, optimal waysto
integrate it into the content and methods of the course, and how to hold our
preservice teachers accountable for their learning. In the course of offering
the hypermedia project across four semesters, questions about what and
how our teacher candidates were learning also emerged. Action research
into our own teaching and our students' learning (Hubbard & Power, 1993;
Oja& Smulyan, 1989; Stenhouse, 1975) provided an opportunity to
examine these questions.

METHODS OF INQUIRY
Research Questions

We investigated the following questions to document the curriculum
offered and the teacher candidates’ interpretations and learning:

*  What experiences and support were provided to enable teacher candi-
datesto (a) use the technology with comfort and proficiency; and (b)
explore connections across the subject matters?

e Towhat extent did the teacher candidates develop a comfort and
proficiency in using the technology as alearning tool ?

e Towhat extent did the technology enable teacher candidates to enrich

their understanding and appreciation of connections across the two
subject matters while maintaining the integrity of each discipline?
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e Towhat extent did the use of technology to explore subject matter
connections help teacher candidates adopt an inquiring stance toward
teaching and learning in mathematics, language and literacy?

Data Sources, Research Subjects, and Data Analysis

Copies of written course work for four cohorts of preservice teachers were
collected, including: (a) reflective writing about course and field experienc-
es; (b) individual papers (philosophy statements; position statements); (c)
written work for group projects (team planning projects); and (d) open-
ended course evaluations. Each semester detailed records of our lesson
plans and handouts that outlined expectations for course assignments were
kept and notes were made about our own teaching to record impressions
and insights as the course proceeded.

To investigate our first research question, we used our lesson plans and
reflective writing to construct a detailed chronology of our teaching during
and after the hypermedia project. We identified four “areas of investiga-
tion” that were introduced during the hypermedia project, which we
continued to explore throughout the course: (a) using a common conceptual
framework for studying mathematics and language arts as subject matter;
(b) adopting three perspectives—self, teacher, and K-5 student—to study
classroom teaching and learning; (c) engaging in planning as an inquiry
process; and (d) developing and articulating a philosophy for teaching.
These four areas captured our intended and enacted curriculum (Erickson,
1982). We also identified complementary “tools of inquiry” that were
introduced and used throughout the course to support our preservice
teachersin exploring the areas of investigation: (a) use of technology
(hypermedia) to generate and pursue questions about teaching and learning;
(b) ongoing reflective writing; (c) use of conceptual frameworks found in
course readings to study and interpret classroom events; (d) engagement in
learner-centered activities; and (€) analysis of classroom visitations.

The remaining three research questions were designed to learn more about
preservice teachers perceptions of course assignments and their learning.

End-of-course evaluations asked teachers to rate, on a scale of 1 to 4, how
helpful each major course assignment was in supporting their professional
learning (“1” isleast helpful” and 4 is “most helpful”) and to provide

303



commentsto explain their overal rating. The evaluations allowed us to
compare ratings of the hypermedia project with ratings of other course
assignments.

We targeted one small group per cohort for detailed analysis of the individu-
al and group written work generated in the course. Group size ranged from
two members (Cohort 1) to three members (Cohort 2) to four members
(Cohorts 3 and 4) for atotal of 13 teacher candidates (1 male, 12 females).
Groups were selected on the basis of whether each member of the group
provided written consent to participate in the study, and whether the group
represented the range of teacher candidates who were in the cohort general-
ly, with respect to academic ability, interest in teaching and learning to
teach and active participation in course activities and assignments.

The four “areas of investigation” that we identified from our lesson plan
analysis emerged as useful categories to study what preservice teachers
learned from engaging in the project and the extent to which that learning
continued throughout the course (the actual curriculum as interpreted by
our students as learners; Erickson, 1982). Following standards for qualita-
tive methodology (Bogdan & Biklen, 1982; Erickson, 1986), patterns and
themes within and across the data were sought as well as disconfirming
evidence to test them. Patternsin the written work provided insights about
the prospective teachers' developing understandings of connections across
the two subject matters and questions the students generated. The extent to
which they made connections among complementary course experiences
(readings, reflective writing, in-class activities) throughout the course was
also investigated. By using multiple data sources, we were able to “triangu-
late” or cross-check our inferences about the preservice teachers' develop-
ing understandings and insights (Gorden, 1986).

CREATING AN INQUIRY-ORIENTED PEDAGOGY TO EXPLORE
CONNECTIONS

Areas of Investigation to Support the Learning Process
Designing an introductory integrated project for a methods course that

focused on two subject matter areas pushed us to create cross-cutting
frameworks, themes or goals, which became more refined as we worked
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together across the four semesters. We introduced various aspects of four
“areas of investigation” during the hypermedia project and continued to
explore them throughout the course.

Investigating subject matter connections with a common framework.
One complication in finding a common framework for the two subject
matter areas was that the study of mathematics and literature in schools may
have some connections to the disciplines from which they originate
(Bruner, 1960; Siskin, 1994), whereas the language arts are communication
processes that are used to reason, discuss, think, express ideas, and so forth
in any discipline and in every day situations (Pearson, 2001). Indeed, those
who study in the field of English language arts have a history of trying to
define the field and articulate its connections to the disciplines (Elbow,
1990). Many ideas expressed in the national standards (NCTE & IRA,
1996; NCTM, 1991, 2000) call for a heavier emphasis on using the process-
es that represent various “ways of knowing” (e.g., reasoning and problem
solving in mathematics; responding to literature in English) that originated
in the disciplines, while others emphasi ze cross-cutting reasoning processes
that can take place in any discipline, such as creative and critical thinking.

One of our colleagues (Cantlon, 1994) wrote about how she assesses
student progress in mathematics in terms of three types of outcomes:
content (concepts, procedures, and connections), processes (problem
solving, reasoning, and communication) and attitudes (mathematical
dispositions) (NCTM, 1991). We adopted this framework to conceptualize
and explore with our college students each subject matter and possible
connections across the two. In the context of the hypermedia project, we
explored a key area where language arts and mathematics connect: how
language processes (speaking, listening, writing) and attitudes toward use
of those processes, played arole in helping preservice teachers develop
mathematical content, processes, and attitudes. In other words, looking at
discourse in mathematics, and children’ s writing associated with that
discourse, was an opportunity to understand how language is foundational
to subject matter learning. Course readings provided background informa-
tion about the three areas in the framework as well as key concepts that
could be used to guide analysis of classroom events in the videotapes.

Adopting three perspectives to explore content, processes and
attitudes. Teacher educators know that if the influence of prospective
teachers' beliefson their current learning is left unperceived or unexam-
ined, teachers may merely imitate practices they have experienced rather
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than actively seek to construct new practices (Ball & McDiarmid, 1990;
Feiman-Nemser & Buchmann, 1986; Grossman, 1990; Lortie, 1975). We
introduced three perspectives when discussing interactions in Deborah
Ball’s classroom to help our preservice teachers examine their own beliefs
and to build a framework for analyzing classroom experiences from
multiple perspectives:. (a) self aslearner of mathematics and English
language arts; (b) teacher’s perspective; and (c) K-8 students' perspective.
We continued to use these perspectives throughout the semester.

Developing and articulating a philosophy for teaching. At the completion
of their investigation in the hypermedia lab, prospective teachers wrote an
initial draft of guiding principles that could become part of their philoso-
phy—an individual position statement on the teacher’ srole in helping
children use oral language to explore mathematical ideas. This introduction
to articulating and supporting their beliefs provided arecord of their
thinking that could be revisited and reexamined as the course progressed
and as they wrote a philosophy statement at the end of the semester.

Engaging in planning as an inquiry process. We engaged our preservice
teachersin lesson planning as an inquiry process where they explored a set
of questions about instructional goals (content, processes, and attitudes);
resources, tasks, and activities; assessment; students' prior knowledge and
experiences; and their own knowledge. The three perspectives (self as
learner, teacher’ s perspective, student perspective) were also represented in
our planning questions. The planning framework questions paralleled
closely the issues and questions that emerged during the hypermedia project
as they explored Ball’ s teaching and journal entries and engaged in mathe-
matical problem solving during class.

Tools of Inquiry for Developing and Pursuing an Inquiring Stance

Novices need to develop particular processes and attitudesin order to
sustain the devel opment of “best practice” across their teaching careers. We
supported teacher candidates in using a complementary set of “tools of
inquiry” to explore the four areas of investigation, thus beginning their
career-long inquiry process.
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Using technology to inquire about teaching and learning. We
anticipated, correctly, that our preservice teachers would be unfamiliar with
hypermedia as alearning tool, and therefore provided a brief introductory
demonstration of the technology’s capabilities. We viewed an introductory
lesson or two from Ball’ s classroom on a large projector screen together
and discussed the investigation into questions about discourse in mathemat-
ics they would soon begin. Then small groups were clustered at stations,
viewing video clips of lessons, calling up transcripts of those lessons,
reviewing Ball’sjournal, and viewing students’ written work. We asked
them to experiment with writing down their current thinking in a*“group
notebook” created on the computer, which would eventually become a
record of the group’s work and thinking throughout the project. Groups
solved technology-related problems as they arose by drawing on their own
knowledge of computers or asked us for our help. As the investigations got
underway, we gradually introduced more specialized features available in
the environment, such as how to “cut” and “paste” avidbit (a short excerpt
from the video disk) into their group notebook.

The Discourse in Mathematics Investigation assignment asked teacher
candidates to work in small groups to develop a question related to dis-
course in mathematics that they could investigate together using the
hypermedia materials. We explained that some questions might emphasize
how teachers support children in developing oral language skillsin the
mathematics classroom, while others might emphasize mathematical
reasoning asit is revealed through classroom talk. We provided seven
sample questions that they could use as amodel to construct their own
question, or investigate directly.1 Preservice teachers were asked to use an
electronic group notebook to record their question (and any subsequent
revisions), specific data examined with explanations as to what they were
looking for, their thinking about the data, and afinal entry describing their
current thinking about their question. Upon completion of the four-week
project (for which some class time was given and some out-of-class time
was expected), the teacher candidates were asked to write individualy a
two-three page position statement in response to the following question:
What is the teacher’ s role in helping students use oral language to explore
mathematical ideas?

Several forms of support were critical during the investigation. First, we

helped our preservice teachers frame and pursue questions that were
possible to investigate with available data. Second, we met with groups to
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make suggestions about where to begin (e.g., directing them to alesson that
seemed especially relevant to their question) and how to proceed (e.g.,
encouraging consideration of Ball’sjournal entry for a given lesson to
investigate her perspective). Third, we reminded them to record their
thinking and discussions in the group notebook and to include examples
(e.g., vidbits, student work, transcript excerpts) that would help us follow
their thinking. Creating awritten “intellectual history” of agroup’sinterpre-
tation of multiple classroom events was a new undertaking for most
individuals and at times felt abit risky. After all, they were exposing their
“rough draft” thinking to their peers and instructors (Barnes, 1976). We
assured them that we were looking for and expecting their thinking to
change and evolve over time.

Using writing as a reflective tool. Throughout the semester we asked our
preservice teachers to do reflective writing in an individual notebook
(Cakins, 1991). It was a place to record ideas, impressions, questions and
tentative hypotheses about teaching and learning in response to course
readings, in-class activities, and their classroom participation. We provided
feedback about their ideas and sometimes encouraged them to explain or
illustrate their thinking more fully.

Using conceptual frameworks for analysis. We encouraged the prospec-
tive teachers to analyze, reflect upon, and ask questions about events they
viewed in the video materials, rather than to form conclusions immediately.
We also modeled these approaches during whol e-class discussions and
provided key readings that encouraged them to use concepts found in them
to interpret the events. As each group’ s investigation proceeded, we
encouraged the group to record key concepts and ideas from readingsin
their group notebooks and write about how those ideas could help them
pursue their question. Individuals continued to write in their own notebooks
and we asked them to share ideas with their hypermedia group that would
contribute to their investigation.

Engagement in learner-centered activities. Our future teachers brought
assumptions about the nature of mathematics and what they need to know
to do mathematics, and these assumptions were one source of influence on
how they perceived and interpreted the video materials. Some found it
difficult to follow the mathematical reasoning embedded in the third-
graders’ discussions. Some wondered why Mrs. Ball didn’t just tell the
students “the answer” and move on. Others assumed that Mrs. Ball’ s third
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grade class was unique and concluded that “this kind of teaching” could not
become typical in today’s classrooms. Still others entered the course
believing they could not even get the “right answer” to most mathematics
problems, and therefore reasoned that the kind of mathematical reasoning
and problem solving that took place in her classroom was beyond their
reach. Thus, we engaged these preservice teachers in mathematical problem
solving, reasoning, and communication in our own classroom. We stood
back from these experiences and reflected upon implications for themselves
as learners of mathematics and drew comparisons with what we were seeing
in Mrs. Ball’s classroom.

Analysis of classroom visitations. We emphasized that Ball’s classroom
was but one example of how the NCTM Standards might be enacted, and
not “the answer” to effective mathematics teaching. We arranged to visit
other classrooms (in person, through other videotapes, and through reading
case studies) so we could discuss arange of approaches.

LEARNING ABOUT PROSPECTIVE TEACHER'’S LEARNING

A brief report on what we learned from the analysis of students’ end-of-
course evaluations and our study of the written work (individual writing
and group writing) of 13 teacher candidates will provide a context for the
more detailed case of one group’slearning.

Student Perceptions of the Discourse in Mathematics Hypermedia Project

Across four cohorts of preservice teachers (n=87), the hypermedia project
received arating of 3.2 (out of 4 possible), which is closest to the “most
helpful” category. In written comments, several individuals (45%) said they
appreciated the opportunity to see a concrete example of new ways of
teaching mathematics that are consistent with NCTM Standards. A smaller
portion (14%) explained that they liked having the opportunity to learn
about and use a new form of technology. Some (16%), however, felt that
too much time was spent on the project or identified problems getting to the
lab to work with their group outside of classtime. A smaller portion (9%)
felt confused or undirected during the project. A larger portion (25%) also
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suggested ways the project should be modified (e.g., we should spend less
time on the project; more class time should be provided; project should not
be so open-ended).

A Closer Look at 13 Teacher Candidates’ Use of Technology as a Learning
Tool

Developing a working relationship in the group. We were struck, across
the four cohorts, by how unremarkable learning to use this technology was.
Their writing revealed no problems with the use of the technology itself.
The menu-driven, user-friendly format of the hypermedia materials allowed
each group to begin exploring the materials and focusing immediately on
the content of their investigations.

Because the groups were formed based on mutual interest in a specific
question, each group quickly began their investigations by thinking about
how they could use information available in the environment to learn more.
All groups were unfamiliar with the process of pursuing open-ended
questions, forming hypotheses, seeking confirming and disconfirming
evidence, and therefore sought and made use of our help as their investiga-
tions proceeded. Each group came up with its own approach to working at
their computer station. Some groups met together in the lab outside of the
class time, while others went to the lab individually or in pairs and wrote
notes to the othersin their electronic group notebooks.

Changing views of teaching and learning mathematics. All 13 teacher
candidates entered the course with traditional views of teaching and
learning mathematics, based on their prior schooling experiences. All 13
had opportunities to begin to devel op alternative views, mostly by noting
contrasts between their own schooling experiences and those of the third
grade children in Ball’s classroom and examples they read about in the
NCTM Teaching Standards (1991). Some of them merely raised questions
at that point in time, noting that the third-grade classroom looked and felt
very different from their own experiences, and also explained that they
were unsure about whether they agreed with various aspects of Mrs. Ball's
practice. Some became very excited about the possibilities this new way of
teaching opened up for learning mathematics. Several remarked on how
their own (mostly negative) attitudes toward learning mathematics might
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have been different if they had experienced this kind of mathematics
learning. All 13 began to think about how their own histories of learning to
get right answers limited their exploration of mathematical content and
processes, and saw how those experiences influenced their attitudes toward
learning mathematics. All noted that the discourse in the classroom was
dramatically different from their own experiences and commented on the
complexities of facilitating such discourse. Thus, their self-as-learner
perspective became atool for comparison and contrast.

As the course progressed, their understandings of the subject matter
frameworks—the role language processes play in helping students develop
mathematical content, processes and attitudes—became more complex. We
saw progressin al 13 teacher candidates’ use of concrete examples,
although five who began the course as less proficient writers still needed
more work in that area even by the end of the course.

The extent to which each group paid attention to the subject matter frame-
work (content, processes, attitude) during the hypermedia investigation
varied according to the question they chose to investigate. For instance, the
Cohort 1 group explored the question: Who is responsible for the series of
ideas (train of thought) that leads to a conjecture? This investigation
required careful study of classroom talk to look at how the mathematical
concepts developed and how mathematical processes (reasoning, making
conjectures, use of evidence) shaped students' understanding over time. As
their investigation proceeded, this group became interested in how teachers
and students can share authority for knowing in the classroom.

By contrast, the Cohort 3 group investigated how a teacher builds confi-
dence and respect among students so they will feel comfortable presenting
their ideas and speaking in class. This question focused their attention
primarily on teacher behaviors such as how well Ball listened to students’
ideas, how she created a safe environment for sharing, how she encouraged
students to talk and ask questions, and the extent to which positive respons-
es contributed to children’s feelings of confidence.

The Cohort 4 group studied one student’ s participation and sense making.
In addition to looking closely at the child’s understanding of the concept of
fractions, they noted his attitude (e.g., becoming frustrated with others’ lack
of understanding) and how that shaped his level of effort and his participa-
tion. This group observed that the child’ s ability to verbalize his understanding
did not aways match understandings that showed up in his written work.
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Developing an inquiring stance. An inquiring stance toward teaching and
learning developed in the course of all four groups’ investigations. All
groups needed considerable assurances from us during class that there was
no “right answer” to their questions, and that their role was to explore their
guestion as best they could, given the materials available. We explained that
we were more interested in the “journey” of their investigation, in the
quality of the questions they asked and the kinds of evidence they consid-
ered, than we were in definitive conclusions. In their final group notebook
entries, each group not only reported tentative conclusions, but areas of
uncertainty and additional questions they would pursue if they had more time.

By the very nature of the project’s structure, each group began with a
general question to investigate. These general questions were then refined
as the groups used the course readings and their own insights to frame more
particular questions. It became a frequent pattern for groups to form a
conjecture about something they viewed on videotape, view the segment
again, and follow up by seeing whether Ball’sjournal (teacher’s perspec-
tive) and a child’s written work (student perspective) provided additional
evidence that was consistent with their interpretation. By the end of the
project each group generated additional questions they were interested in
investigating. We saw an increased curiosity about what they initially took
to be “typical” classroom events, and an increased appreciation for the
complexity of classroom life.

A CLOSER LOOK AT ONE GROUP’S INVESTIGATION

A more detailed portrait of the learning of three preservice teachers from
Cohort 2 is provided to help make concrete the generalizations previously
discussed. Angela, Helen, and David (pseudonyms) did not know each
other before they took the course. They formed their group based on a
common interest in one of the sample questions we provided. All three
participated actively in the class activities and in their small group and each
one brought different experiences and strengths to the group.

Angelawas an extremely bright and capable teacher candidate who
demonstrated a particularly strong ability to analyze and integrate course
readings and experiences. She entered the course assuming that learning
mathematics meant finding “a straightforward, single correct answer”
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(Individual Notebook 1/10). She noted, at the end of the course, how her
thinking had changed, “| have definitely ‘evolved’ in my thinking about
mathematics...I no longer, for example, see mathematics as something
straightforward...l want to become a facilitator of students' class discus-
sions (Final Notebook Entry).

Helen was also a strong and motivated teacher candidate who read carefully.
She consistently took time to compare and contrast her own experiences as a
mathematics learner with what she saw in Ball’s classroom and other
examples found in course readings and activities. She frequently noted
strong contrasts, since mathematics “ provided me with years of frustration”
which contributed to the “low self concept | have within me when | face
math” (Individual Notebook 1/10). By the end of the course, Helen’sideas
about her own and her students' learning changed: “The discoveries | have
made in [the course] have made me realize that math can be awonderful and
interesting subject if you are given the direction and the time to explore!”
(Planning Project).

David brought different strengths to the course. Although he seemed to
understand course readings and concepts without difficulty, he was less
consistent in keeping up with assigned readings and reflective writing and
relied more on hisin-class learning. He felt confident as a mathematics
learner, and emphasized how active participation contributed to his learn-
ing. Although Angela and Helen tended to reflect upon and analyze ideas
and experiences, David seemed more inclined to simply engage in them and
absorb what he was able to learn on the spot. As the course progressed, he
became more aware of the need for reflection and expression of his
thoughts. As he put it, “My favorite days of class are when we are given a
problem and have to solve it and give an explanation...| think the thing |
really need help with islanguage. How do | convey my thoughtsin away
that is clearly understandable as | often fumble over my words” (Individual
Notebook, 2/27).

Getting the investigation started. As part of aclass activity, we used
Gee's (1990) concepts of learning (learning through explicit teaching) and
acquisition (learning through immersion) to think about alesson we viewed
together. That day Mrs. Ball explicitly taught the conventional mathemati-
cal language “numerator” and “denominator” to the children, which took
place several weeks after they had been working with fractions and using
the every day language of “top number” and “bottom number.” This
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seemed like an interesting example of ateacher facilitating acquisition—
immersion in using concepts—prior to learning—explicit teaching of
conventional language. We read and discussed Ball’s journal entry, noting
her thinking about the use of mathematical language (to whom it is helpful
or not).

Over two days of working together in the lab, the group drafted and then
revised their question to read: When working with her third graders on
fractions, how does Mrs. Ball elicit acquisition to occur before learning?
Across the four weeks spent on the project, the group viewed and studied
closely three lessons and Mrs. Ball’ s journal associated with those lessons.
They also selected one third grader, Cassandra, whose interactions were
prominent in the second lesson, to study more closely. They investigated
whether or not Cassandra understood the concept of dividing cookies into
equal parts to share with family members, and the extent to which opportu-
nities for Cassandrato “learn” and “acquire” (Gee, 1990) the concept
resulted in understanding. They also paid attention to when and how
Cassandra was able to move from using a round to a square object to
represent equal parts.

Investigating Discourse in Mathematics Using a Common Framework

As described earlier, we investigated whether or not, and how this group
focused on the common framework we used to talk about language arts and
mathematics in the course.

Exploring mathematical content. With respect to mathematical content,
Angela, Helen and David decided to track Cassandra' s progressin develop-
ing her understanding of the concept of equal parts. They viewed alesson in
which Cassandra explained to the class how she obtained her answer to the
second part of this problem (2b): 2a. | have one dozen small cookies. If |
want to share them equally with my family, how many would each person
get? How do you know? 2b. How would this work out in your family—how
many cookies would each person get? How do you know? After studying
the video clip and accompanying transcript, the group concluded, “At this
point, she definitely understands to divide the cookies into five parts, but
has not yet grasped that those five parts must be equal” (Group Notebook,
1/25). They aso noted that Mrs. Ball reminded Cassandra to use rectangular
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cookies to help her represent equal parts. The group found that they agreed
with Mrs. Ball’ s assessment in her journal of Cassandra s understanding:
“As evidenced by Cassandra’ s dialogue in the vidbit, her circle representa-
tions of a cookie divided into five parts, and Ball’s analysisin her journal,
Cassandra appears to understand how to divide the 12 cookies, but to not
understand the concept of dividing thingsinto equal parts.” They noted that
although Cassandra obtained the correct answer, her division of the round
representation did not show each cookie divided into equal parts.

The group continued to explore Cassandra’ s understanding of equal parts as
they looked at how she represented money. This time they noted that she
did use equal parts, but that her language did not reflect an understanding:

“ After discovering Cassandra’ s representation of quarters (in reference to
dividing up adollar) in Mrs. Ball’ s journal, we noticed that instead of
putting .25, .25, .25, and .25 she put .25, .50, .75, and 1.00. It seems that she
understands to increase each piece by 25 cents (and thus create equal parts),
but her language doesn’t appear to reflect the equal parts.” They were
unable to find conclusive evidence in the video that Cassandra understood
the concept of equal parts.

Exploring key math and language arts connections. Concurrent with
working in the lab with their group and engaging in class activities, several
of their individual notebook entries contained reference to course readings
and Ball’ sfacilitation of language processes to explore mathematical ideas.
All three group members found concrete examples of how language
processes played a central role in helping children explore mathematical
ideas. For example, David explained,

Going over the strategies for listening helped me realize that
Mrs. Ball incorporates each one into her classroom in one form
or another. Strategy #1 involves forming a picture in your mind.
This is apparent when students write on the board showing the
class how they perceive it. Strategy #2 is putting information
into groups. This is done with conjectures and relating things to
things done previously. Things that they might have written
down in their notebooks. Asking questions is strategy #3...All of
these ways of comprehensive listening are needed to get "the
big picture," or the ideas behind each lesson. (Individual
Notebook, 1/23)
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The group shared a history of having fairly traditional experiencesin
learning to get the “right answer” in math. Their work in the hypermedia
environment provided an indepth and expanded view of what engaging in
mathematical subject matter can entail. It helped them think about how
engaging in mathematical processes (problem-solving, reasoning, and
communication) are important ways to develop mathematical content
(concepts, procedures, and connections), and to explore the role language
processes play in those experiences. Angela explained, after reading about
Cantlon’s (1994) approaches to assessing content, processes, and attitudes
that, like Ball, Cantlon used speaking, listening, and writing to learn about
student’ s mathematical thinking processes. Helen remarked that Cantlon’s
approach to assessment was “just as thorough as Mrs. Ball,” and delineated
the many tools that gave Cantlon aview of children’s thinking: notebook,
quizzes, worksheets, videos, discussions, and journal entries. Helen noted,
however, that she had not seen enough of Ball’s work to determine whether
or not she used the same variety of approaches.

This group’s focus on understanding the roles acquisition and learning
play in Ball’s classroom hel ped them make connections between mathemati-
cal processes and content. Angela, for example, applied these two concepts
to Ball’ s classroom to explain how students were first immersed in working
with mathematical ideas through problem solving and reasoning and
communicating before Ball provided explicit instruction about the use of
more conventional mathematical language:

She does not focus on rules, nor does she emphasize drills.
Rather, she has her students use their problem-solving ability to
solve “real world” fraction problems, working through the
problems as a class. In this way she promotes the acquisition of
fraction concepts; as the children work through the problems
identifying patterns, drawing tentative conclusions and making
conjectures, they acquire the basic—yet fundamental (and
meaningful)—ideas. (Individual Notebook, 1/31, emphasis in
original)

She went on to relate what her group was learning about Cassandra’s
learning through their work in the hypermedia lab.

All three group members, in their end-of-project individual position
statements, identified fostering open communication about mathematical
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ideas in a comfortable environment as a major part of the teacher’srole.
They understood that without comfort and safety, positive attitudes toward
engaging in mathematical processes cannot be promoted. The group
explained, “Mrs. Ball islike afacilitator of the mathematical discourse: she
doesn’t outright tell the students they’ re right or wrong; rather, she keeps
them on track, gently nudging them, and providing suggestions’ (Group
Notebook, 2/1).

Adopting Three Perspectives to Make Sense of Discourse in Mathematics

During the introductory weeks of the course, Angela, Helen and David
were encountering (in Ball’s classroom, in classroom visits, and through
course readings) and experiencing (in our teacher education classroom)
mathematics teaching and learning that contrasted with their own experi-
ences in school. These contrasting images hel ped them examine their own
beliefs from three perspectives:. (a) themselves as |learners; (b) the teacher’s
role in facilitating understanding of mathematical content, their engagement
in mathematical processes and fostering of attitudes; and (c) children’s
learning in those areas. For instance, Helen explained how her own learning
of mathematics contrasted with a classroom example she read about in the
NCTM Teaching Standards (1991). She was beginning to see how her own
experiences shaped her view of mathematics as adiscipline. Asthe course
progressed, David wrote that his “favorite” part of the class wasto solve
problems and share explanations (Individual Notebook, 2/27), which was
an approach to learning math he did not experience in his own schooling.
All three began to see how their prior experiences influenced how they
thought about teaching and learning mathematics.

Aswe have already illustrated, the group focused quite specifically on
tracking the learner’ s perspective, Cassandra’ s understanding of the concept
of equal parts. They drew upon what Cassandra said during class, what Ball
wrote about in her journal and Cassandra’ s written work to understand the
student perspective. As they tracked her thinking, they also tried to under-
stand her use of representations. Helen, after reading an article about how
teachers base their planning for instruction on children’s thinking (Rath-
mell, 1994), appreciated that the group could investigate Ball’s planning in
her journal entriesand “... our group can see the development of the
thinking and reasoning of the children that Rathmell is talking about and
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then seeit progress’ (Individual Notebook, 1/25). David aso noted that asthe
teacher pays attention to children’ sthinking for planning, “ The teacher doesn’t
tell them how to do it as much as the teacher gently guides the students
independent thought in theright direction” (Individual Notebook, 1/25).

Here we see the advantage of having available extensive documentation of
Ball’ s teaching over time, and her thinking about her teaching. The materi-
als provided opportunities to learn to “observe psychologically” in a
classroom (Dewey, 1904) to understand a child’ s thinking and the teacher’s
thinking in relation to the child’s participation. This group focused on
Cassandra’ s thinking and making inferences about what their understanding
of the student perspective means for the teacher’srole. In their final group
notebook entry, they tried to characterize how Mrs. Ball uses children’s
thinking to plan for and assess student understanding: “ Through looking at
the journals, Mrs. Ball is able to assess what the children have acquired and
learned, and sheis able to tailor the next day’s lesson according to what is
not yet understood. By looking at each students’ notebooks over a course of
several days or even weeks, Mrs. Ball can assess what each student has
learned.”

Learning to Develop an Inquiring Stance Through the Use of Technology

An important part of adopting an inquiring stance is to develop the capacity
to analyze, reflect upon and ask questions about classroom events, the
teacher’ s reasons for her actions, and student thinking (Dewey, 1904). As
Schon (1983, 1987) reminded us, naming and framing problems and issues
isjust asimportant for the reflective practitioner as trying to solve them.
Helen, early in the project, wrote about her initial reactions to exploring the
video materials and explained her developing appreciation of the complexi-
ty of classroom life:

It is amazing to me that when you explore a 5 min. or 10 min.
segment such as this one you find out how complicated it really
is! Before reading this article and talking in our class | would
view this video clip as nothing other than a regular classroom
lesson. But now | know how complex and rich it really is. Wow!
(Individual Notebook, 1/23)
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It seems that having access to ateacher’s daily practice made her more
inclined to wonder “what else” they could consider before coming to
conclusions.

Angela also began to think about what kinds of questions the video materi-
alsraised: “I wonder whether any of the videos capture the dialogue in one
of these groups of students discussing a math problem. It would be interest-
ing to examine” (1/25). David noted, “I’ ve thought about inviting students
to participate and directing questions, but | didn’t think about the need to
decrease teacher evaluation” (Individual Notebook, 1/25). Likewise, Helen
appreciated how further learning helped her get a more complex view of
teaching: “1 tell you what, the more | read and learn | become very excited
to teach. However, | also realize how complex teaching really is. It makes
me alittle nervous’ (Individual Notebook, 1/23). Helen's “ nervousness’
may have come from her awareness that she had more questions than
answers.

The group members also showed an increasing appreciation for how
difficult it was to draw conclusions from their investigations. The final
group notebook entry emphasized their uncertainty at drawing definitive
conclusions:

We tried to follow Cassandra’s progress through looking at her
journals, looking at Mrs. Ball's journals and viewing classroom
sessions. If we had more time, we would look through more
students’ journals and trace their learning progress, because
after looking through all of Cassandra’s journal entries, we did
not obtain enough evidence to draw conclusions about what
Cassandra has acquired and/or learned. (Group Notebook, 2/1)

Y et they also thought of other areas they could try to study, showing that
their hypermedia investigation fostered curiosity beyond their group’s
initial question: “It would be interesting to map out each student’s progress
with the fractions unit...it would also be intriguing to tally up the different
ways which the students use to visually represent fraction problems...” (2/
1). They framed some new questions that would be interesting to investi-
gate, such as: the relationship between acquisition and learning; comparing
Mrs. Ball’s method of encouraging acquisition of concepts to more tradi-
tional approaches of teaching rules for concepts; and considering the
different ways in which students verbally communicate their reasoning for
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the fraction problems. These questions not only indicated a growing
curiosity, but an expanded view of how the hypermedia materials could
support their continuing study.

Using technology as a cognitive tool. The hypermedia materials became
a“cognitive tool” (Reeves, 1996) for this group to ask and pursue meaning-
ful questions. We wondered about the extent to which they felt comfortable
with its use. Angela gave the hypermedia project a 4 rating (the highest
possible) and explained, “Examining D. Ball’s research was extremely
beneficial to my integrating of course ideas about new math teaching
strategies, including establishing aforum for math discourse.” She went on
to add that the set of experiences offered in the course was beneficial:
“Viewing/discussing videotapes, using hypermedia materials, whole class
discussions, small group tasks and activities.... these activities engaged my
peers and me.” Helen also gave the project a 4 rating and offered this
comment: “Mrs. Ball' s classroom was interesting to observe because | had
never been exposed to math instruction like that before. The project helped
me to look even further.” David, however, gave a 3 rating because it was
“confusing at first,” but he added that he understood it better as the project
went along. Compared with other course projects, David said he got the
“least” out of it. But acomment in his philosophy statement is puzzling:

If I had to pick one thing that moved me the most in this direc-
tion [more open learning environment] it had to be the hyperme-
dia investigation that we did. Seeing those children make such
deep connections was simply astounding. Not only can you
determine where they are, you can also tailor your lesson plan
to touch on areas that they may need help in or figure out which
direction you should head in next. Having open discussion in
the classroom creates another form of assessment from which |
as a teacher can work with.

At this point, we can only speculate that while the content offered in the
materials helped David get new images of mathematics teaching and
learning, the open-ended structure of the project itself seemed confusing to
David and may have caused some discomfort. If, in his mind, the project’s
purpose or processes were unclear, it makes sense that he would describe
the project as “least” helpful compared with other projects that looked more
like the kinds of assignments he was used to doing.
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Elaborating and Synthesizing Learning Throughout the Semester

Because we viewed the preservice teachers' learning during the group
investigations as just beginning, we also analyzed their written work
throughout the course to get a view of how the group’s thinking changed
over time.

Pulling ideas together in a position statement. At the close of the group
investigation, we asked the prospective teachers to each write an individual
position statement on the teacher’ srole in helping children use oral lan-
guage to explore mathematical ideas. All three group members drew upon
video excerpts, course readings, and course experiences to illustrate their
ideas. For all three, the teacher plays an active role in the mathematics
classroom. In David' s words, the teacher is “responsible”’ for making things
happen. Creating a safe environment that promotes discussion is essential.
Angelareferred to this as “fearless exploration” while Helen emphasized
children’s comfort in discussing ideas (like sharing of cookies) that are
familiar and to which they can relate. Discussion was viewed as a central
means for sharing and examining ideas. As Helen explained, “...teachers
must ask students particular questions (like ones with no wrong answers) or
use common experiences when making up problems.” David illustrated
how the teacher is a guide in response to student thinking, carefully
planning when and how to teach mathematical language to describe ideas.

Angelano longer viewed the teacher’ s role as helping children work
individually to get the right answer. Helen was willing to put aside her years
of frustration as a mathematics learner as she began to see how teachers can
help children make connections within and across areas of mathematical
study. David understood his past success with seeing one sample problem
and quickly moving to solve several more just like it, but also began to see
that the teacher can do much more than present examples of how to solve
problems for students to imitate.

Deepening understandings over time. Examination of the written work
that Angela, Helen, and David generated throughout the remainder of the
course revealed that all three devel oped more complex views of the role
language processes play in helping children develop mathematical content,
processes, and attitudes. Angelawrote about her frustration in her field
placement classroom when she encountered management problems while
trying to foster a rich mathematics discussion. Helen was faced, impromptu,
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with the opportunity to read a children’s book to first-graders and discuss
the mathematical content with them. She wrote about her feelings of
surprise that she actually could think of questions to stimulate a discussion.
David wrote about another type of difficulty, that of making sure al
children are included, and his awareness of the teacher’s responsibility to
help children establish appropriate norms for participation.

There was an increasing complexity in these three teacher candidates
understanding of mathematical content, processes, and attitudes. For
example, Helen connected mathematical content with mathematical
reasoning: “...I definitely believe that part of the math curriculum for
elementary school should include ways of teaching why...A problem should
not be solved by just using aformula. A student needs to understand why
that formula works and what other ways or formulas could possibly work”
(2/13). Angela brought up yet another issue, when and how computation
should become part of the mathematics curriculum: “Teaching computation
first and then applying those skills to problem situations is backwards, as
teaching children to read or write music before having them ‘sing, listen,
and move their bodies to the sound of music’” (2/13). David wrote about
Cassandra’ s lack of understanding of equal parts to argue that understand-
ing is more important than getting the right answer:

In the investigation in mathematics discourse [it] showed me
how important it is for students to have an intimate knowledge
of the material, that is they must understand it backwards and
forwards, inside and out. If they don’t they are very likely to
misunderstand concepts, like Cassandra does in Mrs. Ball's
class when working on defining fractions on the board. Cassan-
dra knows the answer but she is still not quite sure how she got
it. (2/1)

There was also more discussion about children’s attitudes toward mathe-
matics. After avisit to amathematics class both Angela and Helen com-
mented on the children’ s ownership of ideas and attitude of confidence.
Angelaalso added, “Until | observed this class and interacted with a few of
the kids as they worked on the math question, | did not fully believe how
excited and engaged elementary students could become about math.
Students at several tables debated ideas back and forth...” (4/19). Although
she saw children engaged in mathematics discussions on videotape,
interacting with them in person was a more convincing experience.
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“Angela, Helen, and David continued to raise issues related to adopting the
three perspectives of self asalearner of mathematics, teacher and K-5
student. Angelawanted to know more about the teacher’ srole in discus-
sions: “At what point in math discourse with students should a teacher jump
in with info. to get them on the right track? How nondirective should a
teacher be?’ (2/13). Moreover, she expressed concern about what the
teacher should do when incorrect procedures are used, and worried about
whether there istime in a crowded curriculum to work through incorrect
procedures (2/27). David had a different concern about how to teach
students to create their own strategies, and how to link those strategiesto
different areas. Further, he thought about what he personally brings as
strengths and weaknesses as a teacher and shared, “| think the thing | really
need help with islanguage. How do | convey my thoughtsin away that is
clearly understandable as | often seem to fumble over my words. | know
that the kids will come to many of these ideas on their own. | guess my real
question is how do you nurture these thoughts and/or bring them out” (2/
27). Helen raised questions about how teachers can apply ideas about
fostering discourse with first graders and commented that she had not
witnessed much discussion of mathematical ideas in her field placement
classroom among first graders. All three demonstrated an inquiring stance
as they tried to make connections among readings, course experiences and
their interactions in classrooms.

A prominent theme in Helen' s reflections across the semester was the
contrast between her own mathematical learning experiences and the newer
ways of teaching mathematics. Near the end of the course, she made explicit
her understanding that with a different approach to teaching mathematics,
she might have been a different (and more successful) learner explicit (4/16).
Helen came to redlize that she could follow the advice in the mathematics
standards (NCTM, 1991) to draw upon one of her strengths, her love of
literature, to look at math differently and to approach teaching mathematics
in away that promotes her own and her students’ interests.

Pulling thoughts together in a philosophy statement. Initial ideas about
the teacher’ s role became more elaborated and better illustrated in their end-
of-semester philosophy statements about teaching mathematics. For
example, Angela explained her understanding of constructivist learning of
mathematics as problem solving, communication, and reasoning processes.
She used the word “facilitator” to characterize the teacher’srolein the
learning community, and assigned the role of “problem solver” to the
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children. Angelaclarified that open communication is fostered when the
teacher remains neutral while asking children to agree or disagree with
conjectures that are put forth. Moreover, Angela pointed out that the use of
journasin Ball’s classroom provided an additional mode of communica-
tion. The aspects of the teacher’ s role that were discussed earlier in the
semester were more integrated, interconnected, and concrete in her philoso-
phy statement.

David's philosophy statement continued to assign a guiding role to the
teacher, that of facilitator of student learning. However, he was able to
articulate how this could happen more specifically in three ways. First, he
emphasized the social nature of learning, linking it to constructivism. More
importantly, David was able to explain more concretely the impact social
interaction has on children’s mathematical learning: “If students tie what
they are learning into what they already know, they can develop mathemati-
cal structures that are more complex, abstract, and powerful than the ones
that they currently possess. This enables them to become increasingly
capable of solving awide variety of meaningful problems.” Finally, David
articulated more specifically the teacher’ s responsibilities in the learning
process. be afacilitator, create problems that engage students and can be
solved in avariety of ways, and |et students take the lead in completing tasks.

THE USE OF TECHNOLOGY AS A LEARNING TOOL

This study of 13 teacher candidates' |earning from four cohorts provides
convincing evidence that they gained important exposure to reform-based
teaching in mathematics. That exposure helped them begin to re-think and
re-imagine what it means, in an elementary context, to teach and learn
mathematics, and the role discourse can play in that process. Nevertheless,
we know that not all of our preservice teachers' learning was as powerful as
that of these groups. For instance, some groups were less focused as they
developed and pursued their investigation questions, and therefore seemed
to experience a series of “false starts’ before they were able to proceed
systematically. Other groups had less experience with technology in
general. We are curious about how these variations in focus affected what
different groups learned from the project or how their learning continued
throughout the semester. However, our research methods did not include
audio recording of interactions at the computer stations, which might have
told us more than we were able to learn by analyzing written work.
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We have additional questions about how different groups’ exploration of
the four areas of investigation across different contexts influenced their
learning. We know, for example, that for some preservice teachers, initial
exposure to Deborah Ball’ s classroom had a profound effect on their
thinking from the onset of the course. One prospective teacher reported, for
example, that it was especially helpful to begin the course with the hyper-
media investigation because, “...It helped me see the value of environment
and teacher’srole.” For others the hypermedia project itself did not have a
strong impact, but in-class work with open-ended mathematics problems
that supported a new kind of mathematical discourse made a big difference
for them. Others felt that they only understood more about the purpose of
the project in hindsight, or that their learning would have been enhanced if
their group had been able to work longer on the project. Some individuals
who were |ess successful in synthesizing their ideasin their individual
position statements were highly successful in other parts of the course.
Further study is needed to provide insights into ways in which different
areas of investigation in different contexts have the potential to influence
different groups’ learning.

Learning Opportunities in the Hypermedia Environment

Earlier we discussed the importance of supporting novices to develop their
capacity to analyze, reflect upon, and ask questions about teaching and
learning, for those qualities are needed to adopt an inquiring stance toward
their practice and to become reflective practitioners (Schon, 1983, 1987).
Our study has taught us that the hypermedia environment provided opportu-
nities for teacher candidates to engage in conversations that, for many, are
very different from the kinds of discussions they were used to having in
school. Through the inquiry process, they engaged in many activities that
became part of their ongoing conversation during the early weeks of the
course: framing problems and questions; generating conjectures; seeking
evidence; formulating questions, making arguments; playing out their ideas;
and revising their thinking. That is, they engaged in “exploratory” open-
ended talk and writing that allowed them to use communication processes
astoolsfor learning rather than merely a means to produce right answers
(Barnes, 1976). Thisway of talking and writing represents new “ways of
knowing” that are advocated in the NCTM (1991, 2000) and NCTE/IRA
(1996) standards (Lampert, Heaton, & Ball, 1994), and represents how
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language is fundamental to subject matter learning (Pearson, 2001). By
recording many aspects of their thinking and talking in written form
through the use of the individual and group notebooks and more formal
writing assignments, preservice teachers had away to “think on paper”
(Calkins, 1991, p. 67), document their intellectual development, and revisit
and revise their ideas. In that sense, they were experiencing the kind of
teaching and learning that is advocated in the standards.

The hypermedia environment also provided a context for teacher candidates
to learn to take more responsibility and ownership for their learning.
Groups were in charge of deciding which question to pursue, how to
proceed, and which aspects of their “rough draft” thinking to record in their
notebooks. This kind of work required active engagement and self-direc-
tion. Teachers must develop those qualitiesin order to continue learning
from their practice across their careers. Moreover, the work took placein a
collaborative group context, which gave novices experience—with sup-
port—in working within a community of practice where problems wereiill
defined and approaches to addressing them must be constructed by profes-
sionals (Lieberman & Miller, 1990).

A hypermedia environment seems especially suited to fostering exploratory
conversations and close collaboration with peers. Novices explored rich,
concrete examples of one teacher’ s reform-oriented teaching. Instead of
hearing about such teaching, they watched it happen. Instead of relying on
one person’s memory to report fairly vague details, they viewed particular
conversations around specific mathematical ideas. Instead of watching
classroom teaching by themselves as single observersin a classroom, they
viewed common concrete examples in the company of their colleagues,
which promoted the exchange of insights and ideas. Instead of having to
figure out what to notice and how to make sense of classroom life on their
own, they first supported one another in a common environment and thus
got more solid preparation for their own classroom participation. Instead of
only seeing asmall slice of one teacher’s practice, they had accessto
multiple aspects over time.

Insights about the Structure and Timing of the Hypermedia Project

Like all teachers, we encountered arange of learners across four semesters.
For this range of learners, we had an ambitious agenda that included an
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introduction to learning in at least three broad areas: (a) to engage in
teaching practices as defined by the national standards in mathematics and
English language arts; (b) to reflect and collaborate in a professional
community of practice; and (c) to engage actively in inquiry about teaching
and learning. Some of our learners brought at |east some prior experience
with doing open-ended, self-paced projects with loosely-defined tasks.
Others found that experience to be difficult, confusing, and sometimes
frustrating. Some of our learners brought with them fairly well devel oped
capacities for analytic thinking, reflective writing, and critical reading.
Others needed our support in learning to develop those capacities. Some
novice teachers were able learners in mathematics and their confidence
about themselves as learners enabled them to take risks with mathematical
ideas during in-class discussions. More frequently, our preservice teachers
entered the course with little success as mathematics learners and therefore
had little confidence in their ability to explore mathematical ideas or engage
in reasoning and problem solving. Some entered the course with awilling-
ness to share their emerging thinking because they encountered taking such
risksin the past and met with success. Others had either not experienced
that kind of risk-taking, or did not trust that they could take such risksin the
course until they knew us better. Some teacher candidates had engaged in
collaborative work with colleagues and possessed the interpersonal and
organizational skillsto be successful. Others disliked learning in collabora-
tive contexts. Some simply had little experience in that area and therefore
felt the need for more support and direction than their peers. We saw many
of these variations as we got to know each learner.

Two questions grow out of these observations. One question has to do with
the timing of when we offer the hypermedia project: Is a highly complex
project that takes place in anew technological environment the most
appropriate context to begin to address our ambitious goals with our range
of learners? What would we gain or lose if we singled out particular areas—
such as learning to work on collaborative tasks, or engaging in mathemati-
cal problem solving in new ways, or working on analytic and reflective
writing—first, and then led up to our work in the hypermedia environment?
We certainly could gain asimplicity of focus and therefore bein a better
position to provide support to our teacher candidates as they develop the
many capacities needed to work successfully in the hypermedia environ-
ment. We could single out particular areas and support them systematically
over time and lead up to working in the hypermedia environment.
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Still, the strengths of working in the environment early in the course may lie
in the fact that preservice teachers are confronted with materials and tasks
that make their world complex—just like the world of teaching they are about
to enter (Spiro, Coulson, Feltovich, & Anderson, 1988). We might reason,
then, that such a complex situation is exactly the kind of authentic context
that will help them learn to engage in reflective conversation and writing to
make sense of teaching as a complex activity. In addition, we have noticed
that although some groups struggled with collaboration as the project
proceeded, this gave us aripe opportunity to make such problems explicit
and support them as they confronted problems associated with learning to
collaborate. Indeed, several groupsin each cohort continued to work
together throughout the course, which indicates that they valued the
relationships they established during the early weeks. We also question
whether “saving” video materials for analysis until after our candidates are
already working actively in their field placement classrooms might make the
video materias seem less rich than their first-hand interactions with actual
children in classrooms. If we waited to use the materials, we could lose the
opportunity to carefully prepare our prospective teachers to observe
psychologically and consider classroom events from multiple perspectives.

A second question we continue to think about has to do with the use of
these unique materials. What are alternative ways to engage future teachers
in exploring teaching and learning in the hypermedia environment? Perhaps
we could ask them to engage in various tasks and discussions in the
hypermedia environment without framing it as an inquiry “project” that has
abeginning, middle, and end. In that way, framing of problems and issues,
searching for evidence and so on could take place in the hypermedialab
throughout, rather than just at the beginning, of the course. We might bein
astronger position to help all prospective teachers make the connections
our stronger groups seemed to be able to make on their own. In making this
choice we might give up, however, the opportunity for prospective teachers
to make their own choices regarding what to study, and how to proceed;
they may miss opportunities to develop ownership of their investigations.

Another issue we are thinking about is assessment. In our version of the
project, teacher candidates were held accountable for their participation and
learning in three ways: their actual participation in the lab, the group
notebook, and the individual position paper they wrote at the end of the
project. There may be other, more effective ways for us to assess and
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evaluate their participation and learning that would capture more fully the
rich interactions that the students experienced. Many struggled, for in-
stance, with what to write in the group notebook, and we acknowledged that
we struggled too with defining exactly what “genre” of writing the group
notebook required. We defined it as arecord of their thinking, arecord of the
“journey” they took as they worked with the materialsin the environment.
We emphasized that we were looking for evidence of their asking questions,
posing problems, considering possibilities, and testing hypotheses. The
closest example of writing in that “genre”’ that our preservice teachers may
have experienced isreflective journa writing. However, in the case of the
group notebook, groups struggled with how to write as a group, because
writing is traditionally a solitary activity. They encountered problems with
whether every member was contributing and therefore deserved credit for
the content of the notebook. They also confronted decisions about what to
include in the group notebook and how to capture and represent to us their
hard intellectual work and the lively dialogues that took place around the
computer screen. These were not struggles they aready learned to face
during individual journal writing. The individual position paper was one way
in which individuals moved from “rough draft” to “latest draft” thinking and
was a place where they could synthesize and pull together their learning
thus far. We are still searching for other ways in which groups could help us
stay in touch with what they are doing and learning, both so we can use that
information for our ongoing teaching and so the reward structure in the course
acknowledges each person’s contributions.

Still another question is related to our own involvement in the investigations
as they proceed. Astheir teachers, we wonder what is appropriate access to
(and support of) our students’ “rough draft” thinking. To what extent or for
what time period might they simply be free to explore and *“ mess around”
with ideas without having a teacher looking over their shoulders? What if
we simply made ourselves available for support, as needed, and relied on
them to identify times when they need contact with us? We experimented
with various ways to handle that issue with varying success. So far, our
experience has shown us that there are times when those who are new to
conducting inquiry are not aware that they are losing focus in their inquiry.
Other times, they may be unaware of a particular lesson or piece of student’s
work that will help them pursue their question. Some groups tend to assume
they are“lost” or “off track” without confirmation and encouragement from
us that what they have been doing is, in fact, inquiry. Just as teachers
struggle with when to join asmall group’ s conversation about a mathematics
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problem or when to initiate a writing conference, we are still working on
finding an appropriate balance between interacting to support our preservice
teachers and leaving them to work out problems and issues on their own.

Implications for Teacher Educators’ Design and Use of Hypermedia
Environments

What might teacher educators learn from our specific example of using
hypermedia as atool for exploring teaching and learning? We cannot
emphasize enough how important our own use of the same technology with
our professional teacher education study group was in helping us design,
carry out, and revise this project. Time and again, we have found ourselves
reflecting on how we used technology as alearning tool for ourselves
(Reeves, 1996). Reflections included looking at how we used our group
notebook; how we learned to use the technology itself; what kinds of
conversations we had; what interactions occurred around the computer
screen that did not get included in our group notebook; and what other
experiences seemed to influence our thinking over time as our investigation
proceeded. We used these insights to make decisions about structuring and
revising the project over time. We also have come to appreciate the revi-
sions we have made in the course over time. These revisions have helped us
more fully integrate the hypermedia project into the course. The better we
were able to provide a complementary set of course experiences—where
course readings, in-class activities, classroom observation and participation,
use of other video materials, and so on, are highly interconnected—the
more sense the project seemed to make to our candidates. That means that
the use of technology, such as spending time in a hypermedia environment,
must be designed to fit within the overall course content and structure.

We are presently thinking about ways that new hypermedia materials might
be designed and used in other subject matters, because any set of artifacts
from classroom teaching will have gaps, inconsistencies, and incomplete
information (Ball & Lampert, 1999). In designing hypermedia environ-
ments, teacher educators need to consider what background knowledge is
needed about a teacher’s curriculum and instruction to interpret classroom
examples, and what additional artifacts (students’ reflective or narrative
writing, copies of instructional materials), use of participation structures
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(e.g., group work that probes student thinking), or documentation (e.g.,
student interviews) may be useful in making sense of students' understand-
ing. Moreover, we wonder how a“living and growing” environment that
expands over time in response to users' questions and insights might be
constructed (Rosaen, 2002).

We conclude by offering three key questions teacher educators might ask
when thinking about whether and how their preservice teachers can benefit
from spending time in a hypermedia environment: (a) What potential do the
materials offer for generating rich conversation, inquiry, and reflection? (b)
What support do teachers need to realize that potential? and (c) How can
preservice teachers be held accountable for their participation and learning
in ways that enhance their learning? We will continue to explore these
guestions as we proceed with our teaching and action research.
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Note

1. The following are examples of questions provided: How does the teacher
help students acquire and learn mathematical discourse and what istherelative
balance given to supporting learning and acquisition?; What isincluded in devel-
oping a mathematical argument in this classroom and how does discourse enter
into the process?; What speaking and listening skills are needed to participate in
mathematical discourse in this classroom and how does the teacher help the stu-
dents devel op these skills?. We encouraged exploration of the children’swritten
work as a way to understand their thinking, but did not require the topic of
writing to beincluded in their question.
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