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ABSTRACT

PRESERVICE ELEMENTARY TEACHERS LEARNING TO USE CURRICULUM
MATERIALS TO PLAN AND TEACH SCIENCE

By
Kristin Lee Gunckel

New elementary teachers rely heavily on curriculum materials, but available
science curriculum materials do not often support teachers in meeting specified learning
goals, engaging students in the inquiry and application practices of science, or
leveraging students’ intellectual and cultural resources for learning. One approach to
supporting new elementary teachers in using available science curriculum materials is to
provide frameworks to scaffold preservice teachers’ developing lesson planning and
teaching practices. The Inquiry-Application Instructional Model (I-AIM) and the Critical
Analysis and Planning (CA&P) tool were designed to scaffold preservice teachers’
developing practice to use curriculum materials effectively to plan and teach science.
The I-AIM identifies functions for each activity in an instructional sequence. The CA&P
provides guides preservice teachers in modifying curriculum materials to better fit I-AIM
and leverage students’ resources for leaming.

This study followed three elementary preservice teachers in an intern-level
science method course as they learned to use the I-AIM and CA&P to plan and teach a
science unit in their field placement classrooms. Using a sociocultural perspective, this
study focused on the ways that the interns used the tools and the mediators that
influenced how they used the tools. A color-coding analysis procedure was developed to
identify the teaching patterns in the intemns’ planned instructional approaches and
enacted activity sequences and compare those to the patterns implied by the I-AIM and
CA&P tools. Interviews with the interns were also conducted and analyzed, along with

the assignments they completed for their science methods course, to gain insight into



the meanings the intems made of the tools and their experiences planning and teaching
science.

The results show that all three interns had some successes using the I-AIM and
CA&P to analyze their curriculum materials and to plan and teach science lessons.
However, all three intems used the tools in different ways, and some of their ways of
using the tools were different from the intentions for the tools. These differences can be
accounted for by the variety of mediators that influenced the intems’ use of the I-AIM
and CA&P tools. These mediators were rooted in the Discourses at play in the various
communities in which the interns participated during their teacher preparation program.
Some of the practices and resources of these various Discourses interfered with or
supported the interns’ use of the |-AIM and CA&P tools. Each intem took a different
trajectory through these Discourses and encountered different practices that mediated
how each used the I-AIM and CA&P tools.

The results of this study suggest that the goal of preparing preservice teachers to
use the I-AIM and CA&P tools should be to provide preservice teachers with
opportunities to use the tools and help them develop the metaknowledge about the tools
necessary to critically analyze the affordances and weaknesses of different approaches

to teaching science.
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CHAPTER 1
Introduction
Situating the Study
Preparing elementary teachers to plan and teach science is a large task. A look

through several science methods textbooks suggests there is some agreement on what
preservice teachers should leam about teaching science. Most textbooks have chapters
on what science is and why students should leam science, how students leam science,
how to engage students in science experiences, and how to assess what students learmn.
Yet, few approaches to preparing elementary teachers to teach science emphasize how
to use curriculum materials to plan and teach science lessons and little research has
focused on how new science teachers use curriculum materials (Davis et al., 2006). This
dissertation study is part of a larger project focused on helping preservice teachers learn
to use curriculum materials effectively. In this chapter, | will provide an overview of the
problem and explain how this dissertation study fits into the larger design-based project.

I will then provide an overview of the rest of the chapters in this dissertation.

Identifying the Problem

New elementary teachers face a challenging situation when teaching science.
Science is not a subject area that many elementary teachers feel knowledgeable about
or comfortable teaching (Chochran & Jones, 1998; Davis et al., 2006). To compensate,
new teachers tend to rely heavily on available curriculum materials to guide their
planning and teaching, often following materials verbatim (Grossman & Thompson,
2004; Kauffman et al., 2002). This situation leads to several pitfalls. While states specify
the science standards to which teachers are held accountable (recommended
curriculum), the available curriculum materials often do not support students in meeting

these standards (Kesidou & Roseman, 2002; Stern & Roseman, 2004). Reform



documents advocate that teachers take an inquiry-oriented approach to teaching
science (National Research Council, 1996, 2000), yet many materials do not support
teachers in engaging students in scientific practices. Furthermore, curriculum materials
are usually written for a wide audience, and may not support teachers in taking
advantage of the cultural resources their own students bring to learning science (Luykx
& Lee, 2007; Rosebery, 2005). Teachers who rely heavily on these materials may not
recognize their inherent weaknesses and, therefore, fail to make modifications
accordingly. Alternatively, when teachers do encounter high quality curriculum materials,
they may not recognize the strengths or the educative features of these materials (Davis
& Krajcik, 2004b), and may make changes to the suggested lessons, for a variety of
reasons, that counteract their potential effectiveness (Ball & Feiman-Nemser, 1988; Ben-
Peretz, 1990; A. L. Brown & Campione, 1996; Collopy, 2003; Grossman & Thompson,
2004; Schneider et al., 2005). As a result, new teachers’ uncritical or misguided use of
curriculum materials may lead to missed student and teacher learning opportunities (Ball
& Cohen, 1996; Ball & Feiman-Nemser, 1988).

In the past, one mark of a good elementary science teacher may have been the
ability to create original science lessons and not rely at all on inferior curriculum
materials (Ball & Feiman-Nemser, 1988). However, as more school districts mandate
use of specified curriculum materials, the mark of an effective science teacher is shifting
to one who can use the provided curriculum materials effectively to help all students
learn science. Shulman (1990) notes, “Teachers must be prepared to serve as acute
critics, analysts and adaptors of curriculum” (p. vii). Ball & Feiman-Nemser (1988) argue
that teachers should learn from curriculum materials, even from poor curriculum
materials, if they know what to look for. Similarly, Grossman & Thompson (2004) claim
that new teachers need to learn how to analyze and critique curriculum materials, so that

they can use the materials they have well and take advantage of the learning



opportunities curriculum materials present. However, Shulman (1990) also notes that the
challenge to teacher educators to prepare teachers who can individually and collectively
play the roles of critics, analysts and adaptors is profound.

Work by Davis (2006) and Schwarz et al. (2008) showed that preservice teachers
usually do have some criteria that they use when deciding how to use curriculum
materials to plan and teach science lessons. Schwarz et al. (2008) showed that
preservice teachers often focus on practical aspects of the lessons, such as the time
required or the availability of materials for an activity. Preservice teachers tend not to
consider how science content is represented in curriculum materials, how the materials
support students in leaming science, or how well curriculum materials match their own
students’ resources for learning (Davis, 2006; Schwarz et al., 2008). Davis suggested
that preservice teachers might need long-term scaffolds to support them in using

curriculum materials long after they have become experienced teachers.

Design-Based Research Project

This dissertation grew out of a larger design-based research project to develop
an approach to teaching elementary preservice teachers how to use curriculum
materials effectively to plan and teach science lessons to all students. Design-based
research is an approach for understanding leaming and teaching through the design and
study of learning environments (Barab & Squire, 2004; Cobb et al., 2003; Design-Based
Research Collective, 2003). Design-based research includes the development of
educational tools, including curriculum materials, instructional approaches, and scaffolds
(Design-Based Research Collective, 2003). It involves iterative cycles of design,
enactment, analysis, and redesign. Each cycle results in explanations of observed
phenomena that inform the next cycle of inquiry (Barab & Squire, 2004; Cobb et al.,

2003; Design-Based Research Collective, 2003). Through this process, our research



group developed an instructional model that could potentially serve as a long-term
scaffold to help preservice teachers use curriculum materials, even poor materials, to
plan and teach science lessons that engage students in scientific practices, help
students achieve specified leaming goals, and are responsive to students’ resources
and needs.

This dissertation research serves as an iteration in this design project. It follows
three preservice teachers as they use the instructional model and supporting
frameworks to plan and teach a science unit in their field placement classrooms. These
three preservice teachers were all members of a university science methods course in
which the instructional model and associated planning and teaching practices were
introduced. As part of this dissertation research, | developed a method for analyzing the
preservice teachers’ instructional sequences, identifying their teaching patterns, and
comparing their patterns to patterns implied by the instructional model. | used this
analysis to examine how the preservice teachers used the instructional model and the
meanings that they made of the tools and associated practices. | then looked across all
three cases using Gee’s (1989, 1999) Discourse framework as a lens to explain the
preservice teachers use of the tools when planning and teaching their science lessons.

Design-based research is rooted in the pragmatic philosophies of John Dewey,
where the goal of inquiry is to produce useable knowledge rather than grand truths
(Barab & Squire, 2004). As such, design-based research is not just about formative
evaluation of tools, but is also about the generation of “humble theories” that inform
emergent understanding of learning processes, contribute to the development of
productive leaming environments, and attend to the types of problems and real-worid
situations that practitioners address in their everyday work (Cobb et al., 2003; Sloane &
Gorard, 2003). The findings, conclusions, and implications of this study inform the

continued revision and improvement of the instructional model and other long-term



scaffolds for preparing elementary teachers to use curriculum materials effectively to
plan and teach science. Furthermore, this study contributes to a growing understanding
of how elementary preservice teachers learn to teach science and how they leam to use
curriculum materials to plan and teach science lessons. Overall, this study contributes to
the efforts to better prepare elementary preservice teachers to address the challenges

they face teaching science in the classroom.

Overview of the Dissertation
To orient readers to this dissertation, | provide an overview of the following

chapters.

Chapter 2: Frameworks

In this chapter, | lay out the conceptual frameworks that guide the design and
analysis of this study. | begin with a conceptualization of curriculum materials and a
description of a teacher-curriculum materials framework developed by Remillard (2005).
I then describe a vision for how teachers could use curriculum materials to plan and
teach science. | continue by describing the results of earlier cycles of the design-based
research project that has informed this study. Next, | present the instructional model and
other tools for helping preservice teachers use curriculum materials to plan and teach

science. | end with the research questions that frame this study.

Chapter 3: Methods

This chapter presents the research methods | used for this project. First | give an
overview of the methodology of the teaching development experiment (Simon, 2000)
that | followed. Then, | describe the setting for the research and data collection. | also
describe my analyses, including the analysis of the preservice teachers’ use of the
instructional model and the analysis of the meanings they made of the frameworks and

practices offered in the science methods course. As part of this chapter, | describe the



color-coding analysis procedure that | developed to examine the teaching patterns
present in preservice teachers’ plans and enactments. | end with a brief discussion of

some of the limitations of this study.

Chapters 4, 5, 6: Cases of Dana, Leslie, and Nicole

In these three chapters | examine the experiences of three interns, Dana, Leslie,
and Nicole, as they learned to use the instructional model to plan and teach a three-to-
four-week science unit in their field placement classrooms. In each chapter, | describe
their teaching setting and the topics they were assigned to teach. | then use the color-
coding analysis procedure to describe in detail each interns’ plans and enactments,
comparing the interns’ teaching patterns to the patterns implied by the instructional
model. Each intern used the instructional model differently, producing different results. In
each chapter, | examine the factors that may have influenced how each intern used the

instructional model in her planning and teaching.

Chapter 7: Discussion and Conclusions

Chapter 7 is the discussion chapter. | use Gee'’s Discourse framework to look at
the results across all three cases. | discuss how the interns were drawing from many
different Discourses in learning to use the instructional model to plan and teach science.
Four Discourses emerge as most important. | discuss how each intern drew on these
Discourses in different ways to produce the results she received. | end with a summary

of the conclusions of this research.

Chapter 8: Implications
In this final chapter, | discuss the implications of this research for preparing
preservice teachers to use tools such as the I-AIM and CA&P to plan and teach science.

| also discuss implications for revising the tools and for future research.



CHAPTER 2
Frameworks
Chapter Overview
This research is part of a larger design-based research project focused on

helping preservice teachers learn to use curriculum materials effectively to plan and
teach science lessons that support students in leaming specified learning goals, engage
students in scientific practices, and leverage students’ intellectual and cultural resources
for learning science. This chapter provides the theoretical framework for this larger
research project as well as this dissertation research. | begin with the theoretical
framework for understanding teachers’ use of curriculum materials. | then describe a
vision for how teachers should use curriculum materials in their planning and teaching.
Next, | explain how this dissertation research fits into the larger design-based project
and how earlier design and enactment cycles of this project informed this dissertation. In
addition, | describe the Experiences Patterns Explanations (EPE) framework, and the
Inquiry-Application Instructional Model (I-AlM) and Critical Analysis and Planning
(CA&P) tools designed in earlier cycles of this project to scaffold preservice teachers’
science planning and teaching practices. | end by establishing the research questions

that this dissertation explores.

Teachers and Curriculum Materials
Curriculum materials are all of the resources that guide teacher planning and
enactment of lessons including textbooks, teacher guides, kits, student activity guides,
Internet resources, trade books, and videos. This work is guided by the sociocultural
perspective that teachers participate with curriculum materials in the design of the
planned curriculum and co-construction, with their students, of the enacted curriculum

(Remillard, 2005). Figure 2.1 shows Remillard’s framework for the participatory teacher-



curriculum materials framework. In this framework, both the teacher and the curriculum
materials are viewed as active participants. The curriculum materials are considered
tools that mediate teacher action through their affordances and constraints (M. W. Brown
& Edelson, 2003; Grossman & Thompson, 2004; Remillard, 2005). The nature of the
interaction between the teacher and curriculum materials and the resulting planned (and
enacted) curriculum depends on what both the curriculum materials and the teacher

bring to the relationship (Remillard, 2005).
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Figure 2.1. Remillard’s teacher-curriculum materials framework (Remillard, 2005)
Curriculum materials are the products of social activity within cultural, historical,
and institutional settings (Wertsch, 1991). As cultural tools, they represent and enable/

constrain human actions (M. W. Brown & Edelson, 2003; Grossman & Thompson, 2004;



Remillard, 2005; Wertsch, 1991). In one sense, curriculum materials are physical objects
that include representations of concepts, task procedures (M. W. Brown & Edelson,
2003) and instructional approaches. The physical nature of these materials and their
representations provide resources that teachers use in planning and teaching. The
representations, activity procedures, and instructional approaches contained within the
materials are also products of social activity in terms of both the disciplinary knowledge
and pedagogy that they portray. As a result, curriculum materials are tied to and
conveyors of multiple cultural, historical, and institutional ideas, values, and meaning.
These ideas, values, and meanings mediate how teachers read, interpret, and use
curriculum materials. Curriculum materials both provide affordances and place
constraints on teacher actions and the planned and enacted curricula (M. W. Brown &
Edelson, 2003; Grossman & Thompson, 2004; Remillard, 2005).

Teachers bring a range of “knowledges, capacities, beliefs, perceptions, and
experiences” to teacher-curriculum materials relationship (Remillard, 2005, p. 237).
Teachers must be able to use their subject matter knowledge, pedagogical content
knowledge, knowledge of the curriculum, and understanding of who their students are to
develop lessons that fulfill the curriculum intended by the school, district, and state
benchmarks; use effective and appropriate pedagogy; and attend to student learning
needs (Ben-Peretz, 1990; Carisen, 1991; Shuiman, 1986). Furthermore, teachers’
beliefs about the subject area, teaching, their students, and curriculum materials
influence how teachers interact with curriculum materials. For example, Remillard (1999)
found that teachers who believed that mathematics is a collection of topics read and
interpreted curriculum materials differently from teachers who believed that mathematics
is a body of related ideas and relationships. The number of factors that influence the
teacher-curriculum materials relationship makes the construction of the planned and

enacted curricula complex and multifaceted (Remillard, 2005).



Teachers may participate with curriculum materials in many ways. For example,
new teachers may rely heavily on curriculum materials as a way to negotiate the many
demands of teaching that they are still leaming to manage (Barab & Luehmann, 2003;
M. W. Brown & Edelson, 2003; Grossman & Thompson, 2004). Also, both new and
experienced teachers may view the curriculum materials as a source of authority (Ben-
Peretz, 1990). Administrators and curriculum materials may suggest to teachers that
they are primarily implementers rather than critical users of curriculum materials. In
these situations, teachers may follow curriculum materials rigidly with little modification.

On the other hand, some teachers may view themselves as the primary creators
of the planned and enacted curriculum. They draw on many resources and rely on their
own principles and criteria to decide what and how to teach (Ben-Peretz, 1990;
Remillard, 2005). Experienced teachers may participate with materials in multiple and
complex ways by sometimes adapting materials to meet their teaching needs,
sometimes following the materials closely (“off-loading”, in Brown & Edelson’s terms),
and sometimes improvising new activities, often using the curriculum materials as the
seed for innovations (M. W. Brown & Edelson, 2003).

Not all ways of participating with curriculum materials are necessarily productive.
The teacher's perception of the authority of the curriculum materials may constrain their
use of the materials (Ben-Peretz, 1990). Teachers who rigidly follow curriculum materials
may miss opportunities to improve the match among the materials, the intended
curriculum, and their own students’ needs and resources (Ben-Peretz, 1990). Teachers
who draw on multiple materials without robust criteria and reasoning guiding their
curricular choices may develop approaches that undermine student leaming, rather than
supporting it (A. L. Brown & Campione, 1996). Teachers may unintentionally alter critical
features of strong curriculum materials, thus altering the potential effectiveness of the

materials to help students leam science (A. L. Brown & Campione, 1996; Schneider et
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al., 2005). In any of these situations, teachers may also miss opportunities to learn from
educative features of curriculum materials (Davis & Krajcik, 2004a).

One goal of elementary science teacher preparation should be helping
preservice elementary teachers participate with curriculum materials in a way that is
productive for both student and teacher learing. Teachers should develop an analytical
relationship with curriculum materials. They should be able to analyze curriculum
materials for their strengths and weaknesses and make appropriate modifications to the
instructional approach presented in the curriculum materials in order to guide students in
developing understanding of the learning goals, engage students in the practices of
science, and take advantage of the resources that students bring to leaming science. In
the next section | will describe a vision for what teachers should look for in their analysis

of materials and the frameworks that underlie this vision.

A Vision for Analysis & Modification of Curriculum Materials
In order to identify strengths and weaknesses of curriculum materials, teachers
must have a basis on which to analyze the materials they have available. They need to
determine how well the materials align with the intended curriculum, analyze the
instructional approach of the materials, and consider how well the materials match

students’ resources for learning science.

Aligning with the Intended Curriculum

The curriculum framework, usually established by district and school policy,
defines the intended curriculum - the learning goals for what students should know and
be able to do as a result of participation in school (Remillard, 2005). The first step
teachers must take in analyzing curriculum materials is to decide if the activities offered
in the curriculum materials address the leaming goals for which they are responsible for

teaching (Kesidou & Roseman, 2002). Often, the suggested activities and text do not
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address the leamning goals or big ideas that they claim to address (Kesidou & Roseman,
2002) or the curriculum materials do not align well with the learning goals set forth in the
intended curriculum. Analyzing the alignment of the curriculum materials with the
intended curriculum requires that teachers have adequate subject matter knowledge to
unpack the leaming goals and understand what students need to know and be able to
do in order to achieve the learning goals. Then, teachers must be able to decide if the
activities offered in the curriculum materials build towards helping students reach these
goals. If activities do not address the learning goals, teachers must either decide not to

use the activities or make modifications to the activities to better meet the leaming goal.

Analyzing the Instructional Approach

The instructional approach is the sequence of activities for instruction. Some
curriculum materials are collections of activities, with no intended sequencing. Other
materials include a recommended order for the activities. Within an instructional
approach, each activity should serve a function that supports students in learning the
specified leaming goal (E. L. Smith, 2001). Instructional approaches should also engage
students in the practices of science (Anderson, 2003). | will describe these functions and
purposes in more detail.

Teachers should first recognize whether the materials have an instructional
approach. If the curriculum materials do offer an instructional approach, teachers need
to determine whether or not it represents an effective approach to leaming science (Ball
& Feiman-Nemser, 1988; Ben-Peretz, 1990; Collopy, 2003; Grossman & Thompson,
2004; Schneider et al., 2005; E. L. Smith, 2001). Teachers should be able to determine
the purpose of each activity in the sequence, and recognize which activities are pivotal in

the instructional approach so that when they make subsequent modifications, they avoid
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undermining the intent and directions of the activity sequence (Anderson, 2003; A. L.
Brown & Campione, 1996; National Research Council, 2000).

For each learning goal identified, the instructional approach should engage
students in a problem, take into account and build on student ideas, and provide a
variety of experiences with phenomena. In addition, the sequence should provide
scientifically accurate representations, promote student thinking about their ideas, and
provide adequate practice for students to use their new understandings in familiar and
unfamiliar contexts (Kesidou & Roseman, 2002; E. L. Smith, 2001; Stern & Roseman,
2004). The materials should also guide teachers in anticipating student responses and
assessing student understanding throughout the sequence of activities. Teachers should
be able to recognize when an instructional approach does or does not serve each of
these functions.

Included in analyzing the instructional approach should be an analysis of the
practices of science in which the activities engage students. What students learn about
science is greatly influenced by the practices in which they engage. In order to
understand what science is and how it works, students must engage in such practices as
asking questions, looking for pattemns in experiences, using evidence to make scientific
explanations, and applying explanations to new situations (i.e., Anderson, 2003; Driver
et al., 1994; National Research Council, 1996, 2000, 2007; Rivet & Krajcik, 2004;
Rosebery et al., 1992; Sharma & Anderson, 2003). Teachers must analyze the
instructional approach to determine whether and how the materials engage and support

students in learning these practices.

Taking Students into Consideration
As Remillard's framework shows, while teachers participate with curriculum

materials to produce the planned curriculum, what happens in the classroom (the
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enacted curriculum) is negotiated between the teacher and students (Calabrese Barton
et al., 2003; Gilbert & Yerrick, 2001; Page, 1999). Therefore, when analyzing curriculum
materials, teachers need to consider the sociocultural backgrounds of their students, and
recognize whether or not the instructional approach in the curriculum materials takes
advantage of the resources their students bring to leaming science, matches their
students’ interests and experiences, and supports their students’ learning needs.
Teachers should take a critical stance at this point, and examine how the curriculum
materials position the students as knowers and doers of science. Teachers must know
who their students are, including their funds of knowledge about the world and their
ways of making sense of the world (Calabrese Barton et al., 2008; Gonzalez et al., 2005;
Moje et al., 2004; Moll et al., 1992; Varelas et al., 2002). For example, elementary
students living in poor urban areas have a different set of experiences and a different
perspective on the world than students living in more wealthy suburbs, rural farms, or
Indian pueblos in New Mexico. Teachers should be able to decide if the instructional
approach offered by the curriculum materials leverage the funds of knowledge that their
students access and connects to their students’ cultural knowledge about the world
(Aikenhead, 1996; Jegede & Aikenhead, 1999; Lee, 1997, 2003; Lee & Fradd, 1998;
Moje et al., 2001).

How curriculum materials help students move from their ideas to more scientific
ideas has important cultural implications that teachers should take into consideration
(Calabrese Barton et al., 2003; Jegede & Aikenhead, 1999; Lee, 1997, 2003; Lee &
Fradd, 1998). Sometimes, it might be important to recognize how scientific practices
differ from students’ own sense-making practices and help students transition from their
own practices to scientific practices and back by recognizing when it is appropriate to
use scientific practices and when it is not. In this manner, teachers make instruction

congruent with students’ sociocultural backgrounds as much as possible (Aikenhead,
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1996; Jegede & Aikenhead, 1999; Lee, 1997, 2003; Lee & Fradd, 1998). For example,
students who come from backgrounds where the elders are keepers of cultural
knowledge may be uncomfortable and unfamiliar in the scientific practices of questioning
and building explanations from evidence. Engaging these students in inquiry without
recognizing and accommodating for this difference may make it difficult for these
students to learn these practices. At other times, even with these same students, it may
be important to highlight the similarities between students’ ways of thinking and scientific
practices (Calabrese Barton et al., 2003; Rosebery et al., 1992; Warren et al., 2001;
Warren et al., 2005). For example, children’s ways of connecting prior experiences to
understand current problems may help them engage in science practices more
authentically and learn the associated content more easily (Calabrese Barton et al.,
2003). Finally, teachers should be able to determine if and how curriculum materials
allow students to have voice and agency in the learning process. Teachers should be
able to recognize if curriculum materials offer muitiple points of entry for students to
access science for purposes that are relevant to their lives and provide them with the
power to use science to transform their own lives (Calabrese Barton et al., 2003;

Calabrese Barton & Yang, 2000; Moje et al., 2004).

Modifying Curriculum Materials

Prepared with these analyses, teachers should modify the instructional approach
offered in curriculum materials to align with the intended curriculum, engage students in
scientific practices, and take advantage of the diverse resources students bring to
learning science. Ideally, the teacher should be able to use ideas and activities offered in
the curriculum materials to build what some refer to as a third space (Moje et al., 2004),
composite culture (Hogan & Corey, 2001), or hybrid space (Calabrese Barton et al.,

2008), that is neither solely a scientific space nor solely a student space. The goal would
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be to use and modify curriculum materials in a way that contributes to the development
of a culturally responsive (Banks et al., 2005; Gay, 2001) science learning community
where the practices of the classroom support diverse students in learmning the content
and practices of science.

Part of the analysis of curriculum materials also involves recognizing which
weaknesses or deficiencies in curriculum materials one can reasonably modify. Given
the demands of teaching and the resources available, teachers may need to be selective
in their modifications. Analyzing how well curriculum materials align with the intended
curriculum, analyzing the instructional approach for supporting student learning and
engaging students in scientific practices, and analyzing the match between curriculum
materials and the resources students bring to learning science, represent idealized
teacher practices. As Davis (2006) points out, preservice teachers need to develop
beginning levels of proficiency with these practices so that they can grow into them as
they gain experiences teaching. The goal of preservice teacher education, then, should
be to support preservice teachers in building a foundation for developing a productive
relationship with curriculum materials that enables them to analyze curriculum materials
thoroughly, learn how to take advantage of the strengths that curriculum materials offer,
and determine which deficiencies to modify. The next section explains an initial
approach to teaching preservice teachers how to analyze curriculum materials and the

results of research on that approach.

Previous Design Cycles
As part of a design-based research project, this dissertation builds off previous
cycles of design and research. In this section | will describe the earlier cycles of research

and the lessons learned that informed this dissertation.
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The initial approach to preparing preservice teachers to analyze curriculum
materials utilized the Project 2061 Instructional Criteria (DeBoer et al., 2004; Kesidou &
Roseman, 2002; Stern & Roseman, 2004) as a framework for analyzing the instructional
approaches offered by curriculum materials. Preservice teachers in a senior-level
science methods course (fourth year of a five-year teacher preparation program) were
introduced to 10 of the 23 Project 2061 Instructional Criteria. They practiced using each
criterion in class to analyze the strengths and weaknesses of example curriculum
materials. Preservice teachers then analyzed the curriculum materials that they were
using to develop the lesson plans that they eventually taught in their field placement
classrooms. In addition, preservice teachers were introduced to several additional
frameworks to use for planning inquiry-application oriented lessons, including the
Experiences Pattemns Explanations (EPE) framework (Anderson, 2003; Sharma &
Anderson, 2003), conceptual change frameworks (E. L. Smith, 1991), and the BSCS 5E
instructional model (Bybee, 1997).

Research conducted on this first approach showed that the Project 2061
Instructional Criteria, by themselves, did not provide a productive framework to help the
preservice teachers leamn to analyze and modify curriculum materials (Gunckel & Smith,
2007; Schwarz et al., 2008). Several issues were present. First, the preservice teachers
tended to use their own criteria for analyzing curriculum materials. They often focused
on issues of practicality rather than focusing on how well the materials might help
students learn. When asked specifically to use the Project 2061 Instructional Criteria, the
preservice teachers often did not use the criteria as intended. When planning their
lessons, the preservice teachers struggled to modify materials that did not engage
students in scientific practices. Finally, the preservice teachers expressed that they did
not find the Project 2061 Instructional Criteria helpful in thinking about planning and

teaching science.
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These findings suggest that there were several deeper issues that needed
consideration. First, analyzing curriculum materials may be a destabilizing experience for
preservice teachers (Gunckel & Smith, 2007; Schwarz et al., 2008). Many preservice
elementary teachers come to teaching science with a limited background in science, and
thus may feel under-confident about teaching science (Chochran & Jones, 1998). To
discover that the curriculum materials on which they were relying may not help them
teach science well was not a comforting realization and may have left them feeling
unsupported in teaching science. Many expressed frustration with the analysis process
because they were unsure what to do once they determined that the curriculum
materials had significant weaknesses. Furthermore, analyzing curriculum materials
requires that preservice teachers question those whom they may perceive to be more
knowledgeable and of higher authority than themselves (Bullough, 1992), including the
curriculum materials designers who wrote and published the materials (Ball & Feiman-
Nemser, 1988; Ben-Peretz, 1990; Davis, 2006), their cooperating teachers, and the
school districts administrators who may have mandated the use of specific curriculum
materials in the first place.

Second, preservice teachers may not recognize analysis and modification of
curriculum materials as an authentic and central practice of teaching (Davis, 2006;
Schwarz et al., 2008). Preservice teachers in methods courses with field placements are
negotiating multiple learning communities, including the learning communities of their
university courses and the leaming communities in the field placement classrooms. Their
cooperating teachers may talk about and engage with curriculum materials in ways that
are different from the ways that their university course instructor talks about and
engages with curriculum materials (Feiman-Nemser & Buchmann, 1985). Furthermore,
they may not see their cooperating teachers explicitly engaging in curriculum materials

analysis and modification. Cognition and learning are situated in communities of practice
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(J. S. Brown et al., 1989; Lave & Wenger, 1991; Putnam & Borko, 2000). Therefore, not
seeing their cooperating teachers explicitly engage in curriculum materials analysis and
modification may make it difficult for preservice teachers to recognize curriculum
materials analysis and modification as authentic and central practices of teaching.

Another issue was the difficulty preservice teachers had in considering their own
students when analyzing and modifying curriculum materials (Gunckel & Smith, 2007;
Putnam & Borko, 2000; Schwarz et al., 2008). The analysis criteria included criteria
targeted to helping preservice teachers decide if the curriculum materials matched their
students’ experiences and cultural ways of interacting with the world. These criteria were
not part of the original Project 2061 Instructional Criteria. The preservice teachers often
only considered students who were similar to themselves, or generalized from their
perceived notions of what all students are like. The analysis process did not support
them in getting to know their students, so they had difficulty assessing how well the
materials matched their students’ resources and needs. Other researchers have found
similar patterns in working to help experienced teachers match their teaching to
students’ sociocultural backgrounds and experiences (Lee et al., 2005; Luykx et al.,
2005).

Finally, preservice teachers come to elementary science methods courses with
specific concerns that are relative to their position as preservice teachers just beginning
to negotiate the complexities of teaching (Feiman-Nemser, 2001; Grossman &
Thompson, 2004). Their concerns about planning and teaching science may not match
the concerns about teaching science that underpin an analytical relationship with
curriculum materials. That is not to say, however, that their concerns are not legitimate.
Therefore, preparing elementary preservice teachers to analyze and modify curriculum

materials needs to involve finding ways to incorporate preservice teachers’ concerns into
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the analysis and modification of curriculum materials so that they can then learn about

and focus on additional aspects of the analysis.

The Inquiry-Application Instructional Model and Critical Analysis & Planning Tool
The early cycles of design and research showed that simply providing preservice

teachers with criteria with which to analyze curriculum materials was not productive. A
new approach was needed to embed analysis of curriculum materials into practices that
preservice teachers might recognize as important practices of teaching science, to
reduce the number of discrete criteria that the preservice teachers needed to use, and to
provide preservice teachers with a vision for what to do when they found curriculum
materials lacking. In the next cycle of design and research, | was part of the team of
researchers who designed the Inquiry-Application Instructional Model (I-AlIM) and the
accompanying Critical Analysis and Planning Tool (CA&P) to synthesize many of the
criteria and frameworks introduced to preservice teachers in the early cycles of research.
The I-AIM and CA&P were intended to scaffold preservice teachers into the analysis and
planning practices described above. In the next section | will describe the I-AIM and

CAG&P tools and their underlying frameworks.

Experiences, Patterns, Explanations (EPE)

In the early cycles of the design work, criteria for analysis of curriculum materials
included several criteria for engaging students in scientific practices. In addition, the
preservice teachers were introduced to the Experiences Patterns Explanations (EPE)
framework for describing scientific practices (Anderson, 2003; Sharma & Anderson,
2003). While the preservice teachers did not find the scientific practices criteria
accessible or useful, they did find the EPE framework helpful in forming a vision for

science teaching (Schwarz et al., 2008).
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The EPE framework represents science as related practices of inquiry and
application. Inquiry is defined as leaming from experience. Scientists engage in inquiry
by looking for pattems in many experiences and developing a small number of
explanations for those patterns. These explanations are the models and theories that
explain the big ideas of science, such as plate tectonics or evolution. Scientists then
apply these explanations to understand other patterns and experiences. This practice is
application, defined as using knowledge. This view of science contrasts with traditional
school science where students learn a large number of explanations and may have little
opportunity to see the pattemns in experiences that support those explanations. Figure

2.2 shows the EPE framework.

Scientists’ Science

Application: Using
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Jamts Knowledge
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Fewer patterns (laws, generalizations,
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A few
School Science examples

Figure 2.2. Experiences-Patterns-Explanations framework (Anderson, 2003)
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Preservice teachers introduced to the EPE framework recognize that one goal of
science teaching should be to make school science look more like scientists’ science
(Gunckel et al., 2007). However, the EPE framework does not provide the scaffolding
necessary to support preservice teachers in sequencing activities in a way that engages
students in inquiry and application practices. The Inquiry-Application Instructional Model

was designed to provide this scaffolding.

Inquiry-Application Instructional Model (I-AIM)

An instructional model is a framework designed to scaffold preservice teachers’
planning and teaching by guiding their efforts to sequence activities into coherent
learning experiences (Abraham, 1998; Schwarz & Gwekwere, 2007). The Inquiry-
Application Instructional Model (I-AlIM) was specifically designed to help preservice
teachers use curriculum materials to plan and teach instructional sequences that support
students in leaming science and engage students in the scientific practices of inquiry
and application (Gunckel et al., 2007). The model is founded on the premise that every
activity in a lesson sequence should function in a specified manner in order to help move
students towards achieving a specified leamning goal (E. L. Smith, 2001). The model
includes four stages that correspond to the inquiry and application aspects of the EPE
framework. The inquiry phase of the I-AIM includes the Engage (also called the Question
stage in more recent versions), Explore & Investigate, and Explain stages. The
application phase overlaps with the Explain stage and continues with the Application
stage. Each stage in the model serves two to three functions: Engage (establish a
question; elicit student ideas), Explore & Investigate (explore phenomena to look for
patterns; explore student ideas about patterns), Explain (students explain patterns,
introduce scientific ideas; compare scientific ideas to student ideas/ revise student

ideas), and Apply (practice with support in near and far contexts). Table 2.1 shows the
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main stages and functions of the |I-AIM. The complete Inquiry-Application instructional
Model is found Appendix A.

The I-AIM includes several important features. First, the Engage stage involves
establishing a problem that gives purpose to students’ study and frames subsequent
exploration and investigation (Reiser et al., 2003; Rivet & Krajcik, 2004; E. L. Smith,
2001). The Explore & Investigate stage provides students with experiences with
phenomena. This stage emphasizes investigation rather than open discovery (Schwarz
& Gwekwere, 2007). Similarly, to distinguish from discovery models, the I-AIM includes
the introduction of scientific ideas in the Explain step. Perhaps most important in terms
of fitting the EPE framework, students are engaged in experiences with phenomena
before explanations are introduced, and pattems in experiences are made explicit. In
this way, students develop an understanding for the pattems in experience that scientific

theories and models explain.

Table 2.1
Inquiry-Application Instructional Model (I-AIM)
EPE Model Stage Activity Strategic Function
Establish a question
Engage
Elicit student ideas about the question
Explore & Explore phenomena & look for patterns
Investigate Explore student ideas about pattems
Students explain patterns
Explain Introduce scientific ideas
Compare to & revise student ideas
Practice with support (model & coach)
Apply
Practice with fading support
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Student ideas are elicited at every stage of the I-AIM. Instruction that follows the
model provides students with opportunities to share their ideas, then revise their ideas
as they engage in new experiences. Students compare their explanations for observed
patterns with the scientific explanations introduced, thus supporting students in
recognizing how scientific explanations are plausible and fruitful (Posner et al., 1982; E.
L. Smith, 2001).

The Application stage involves using newly-developed ideas to explain similar
phenomena in new contexts. It fits the application cycle of the EPE framework, where
new explanations are used to explain experiences. Students need pfactice in order to
become proficient at applying new explanations. The I-AIM relies on the cognitive
apprenticeship | (J. S. Brown et al., 1989; Collins et al., 1989; E. L. Smith, 1991) to
provide students with practice applying new explanations in both familiar and less

familiar contexts.

Critical Analysis & Planning Tool (CA&P)

Using the I-AIM to create a culturally responsive science learning community
requires that the teacher consider not just how well the curriculum materials fit the I-AIM,
but also how well the materials match the cultural and intellectual resources that the
students bring to learning science. The initial design cycle of this project revealed the
difficulties that preservice teachers face in considering the cultural and intellectual
resources of their students (Gunckel & Smith, 2007; Schwarz et al., 2008).

Often, preservice teachers have few tools and lenses to use to consider their
own students strengths. The Critical Analysis & Planning Tool (CA&P) functions to
scaffold preservice teachers in considering students in their analysis of the curriculum
materials and the planning of the instructional approach. The CA&P provides a series of

three questions for each stage and function of the I-AIM. The first questions focus on
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how well the materials fit I-AIM. The curriculum materials questions draw on Project
2061 Instructional Criteria and embed them into the I-AIM framework. The second
question asks preservice teachers to consider what resources their own students bring
to each stage of the |I-AIM and asks how the curriculum materials fit or leverage these

resources. The third question scaffolds planning decisions in light of the answers to the

first two questions. Table 2.2 shows several example CA&P questions. The complete

CA&P tool is provided in Appendix B. By using the CA&P questions as a guide,

preservice teachers use the curriculum materials as a lens for thinking about their

students, and their students as a lens for analyzing the curriculum materials.

Table 2.2
Critical Analysis & Planning Tool (CA&P)
Curriculum
Model Activity Materials K';::‘::gg y Planning
Stage Function Analysis Q i Questions
Questions uestions
What relevant,
Is there a What problems interesting,
relevant, are relevant and motivating,
interesting, interesting to my | understandable
. understandable students? problem will |
Establish a . ?
Question problem that is How can | use
setin areal world | connect to my How is this
context that students’ lived problem related
addresses the experiences? to my students’
learning goal? lived
Engage experiences?
material elicit my students o
student ideas have related to How will | elicit
Elicit and help the this leaming student ideas?
Students’ | teacher goal? How will | have
Initial understand How do my students share
Ideas student ideas students make their ideas with
about the sense of their other students?
learning goal? world?

Continues for all stages... For complete CA&P, see Appendix B
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Initial Results using the I-AIM and CA&P

In the design and enactment cycle immediately preceding this dissertation
research, the I-AIM and CA&P tools were piloted in one senior-level science methods
course and one intern-level science methods course. Overall, the preservice teachers in
the courses reported that they found the model helpful in guiding them in the evaluation
and modification of curriculum materials in their science lesson planning (Bae, 2007;
Gunckel et al., 2007). Preservice teachers who had had previous exposure to the Project
2061 Instructional Criteria found the I-AIM facilitated curriculum materials evaluation in a
more coherent, relevant, and useful manner. Preservice teachers’ resulting lesson plans
included more inquiry and application practices and met more of the Project 2061
Instructional Criteria than they had in previous semesters. The course instructors found
that the I-AIM provided a more coherent basis for weaving together concepts, curriculum
material examples, and unit planning opportunities. The I-AIM and CA&P seemed to
make curriculum materials evaluation and modification more central, authentic practices

of teaching.

Research Questions

The pilot test of the I-AIM and CA&P tools suggested that the tools could serve
as scaffolds for preservice teachers leaming to use curriculum materials to plan and
teach science. However, more research was necessary to understand how the
preservice teachers used the tools and the sense they made of the tools and the
underlying EPE framework. This dissertation research served as the next iteration of
research on these tools.

Remillard’s framework describes how teachers participate with curriculum
materials in the design of the planned and enacted curricula. The curriculum materials

serve as tools that mediate teachers’ actions. In this research, the I-AIM and CA&P tools
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scaffold preservice teachers’ relationship with the curriculum materials. What becomes
highlighted is the teachers’ use of the I-AIM and CA&P tools, which themselves function
to mediate the teacher-curriculum materials participatory relationship. As with curriculum
materials, the I-AIM and CA&P also carry cultural, historical, and institutional meanings
that influence how preservice teachers interact with them. Furthermore, preservice
teachers bring a variety of perspectives, beliefs, knowledges, and practices that mediate
how they interact with the I-AIM and CA&P tools and affect the resulting planned and
enacted curricula. Figure 2.2 shows how the I-AIM and CA&P tools fit into Remillard’s
framework.

The ways that preservice teachers use the I-AIM and CA&P tools reflects the
meanings that preservice teachers make of the tools and the underlying EPE framework
(Erickson, 1986). This research focuses on how preservice teachers made sense of and
used the I-AIM and CA&P frameworks to plan and teach a science unit in their field
placement classrooms. It looks closely at the meanings that the preservice teachers
made of the EPE framework, the stages and functions of the I-AIM, and their own
students resources for leaming science. Furthermore, it examines how the preservice
teachers’ use of the I-AIM and CA&P tools influenced the preservice teachers’ resulting
planned instructional approaches and enacted activity sequences. Finally, this research
looks at the broader sphere of influences that may account for how the interns made
sense of and used the tools. This research is set in the context of a science methods
course that takes place during the 5™-year internship of a five-year elementary teacher
education program. Specifically, the research questions for this project are:

How do the intems use the I-AIM and CA&P tools to plan and teach their science
lessons?

What are the mediators that influence how the interns use the I-AIM and CA&P

tools?
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Figure 2.2. How I-AIM and CA&P Tools fit in Remillard’s framework

As part of a design-based research project, this dissertation research is
necessarily conjecture-driven (Cobb et al., 2003). The previous design and enactment
cycles of this project pointed towards several important challenges that this cycle of
design and enactment must address. As described in the previous section, the I-AIM and
CA&P tools were designed to address some of these challenges. In this cycle of
enactments, the conjectures were that these scaffolds would help preservice teachers
grapple with and use the many frameworks introduced in the science methods course,
recognize curriculum materials analysis as an authentic task of planning and teaching,
connect curriculum materials analysis and lesson planning to their own students

particular strengths and needs, and deal with some of the immediate concerns and
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uncertainties of teaching that preservice teachers are attendant to as beginning
teachers.

However, design-based research is about more than testing whether or not
interventions succeed. It is also about the generation of “humble theories” that contribute
to the understanding of learning in real-world situations. (Cobb et al., 2003; Sloane &
Gorard, 2003). Thus, this dissertation research looks beyond whether or not the I-AIM
and CA&P tools functioned as conjectured. What is important is understanding how the
interns think about and use the tools, think about their students, and plan and enact their
lessons. This research informs not only the refinement of the I-AIM and CA&P tools and
approaches to teaching preservice teachers to use curriculum materials, but also our
understanding of how preservice teachers learn to plan and teach reform-based science
lessons. In Chapter 3, | will describe the methods used to answer these research

questions.
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CHAPTER 3
Methods
Chapter Overview

In this chapter | provide an overview of the research methods and methodology
used in this dissertation. | begin with a description of the teacher development
experiment methodology and show how this research fits that approach. Next, | provide
an overview of the context of the study, followed by a description of the sampling and
data collection. | then describe my analysis framework and approach. Finally, | end with

a short note about credibility in design-based research.

Study Design

This dissertation is a teacher development experiment (Simon, 2000; Simon &
Tzur, 1999) that is part of a larger design-based project (Barab & Squire, 2004; Cobb et
al., 2003; Design-Based Research Collective, 2003) focused on preparing elementary
preservice teachers to use curriculum materials effectively to teach science. Teacher
development experiments are design-based experiments that focus on creating teacher
education learning environments with the goal of better understanding the development
of preservice teachers’ reform-based teaching practices. They deal with the messiness
of complex teacher education learning environments where preservice teachers are both
students in methods courses and teachers of students in K-12 settings by coordinating
whole-class teaching experiments with individual case studies (Simon, 2000).

This study took place over the Spring, 2007 semester. Consistent with the whole-
class teaching experiment aspect of the teaching development experiment, this study
took place in an elementary science methods course that emphasized using the EPE
framework and the I-AIM and CA&P tools to plan and teach science lessons. The course

instructor, Dr. Adams, was a senior member of the science education faculty and a co-

30



developer of the I-AIM and CA&P tools. As such, Dr. Adams served as a teacher-
researcher in the overall design-based project. His job in this experiment was to promote
the intern’s developing science planning and teaching practices. He had the intimate
understanding of the reform-based science teaching practices, the EPE framework, and
the I-AIM and CA&P tools that were necessary to support the preservice teachers’
pedagogical development (Simon, 2000). As a participant-observer, my role in the
teaching development experiment was to observe the happenings in the course from a
perspective outside the teacher-student relationship (Simon, 2000). While Dr. Adams
had all instructioﬁal responsibility for the course, he and | met frequently between class
sessions to conduct an on-going analysis of the intems’ progress and plan or modify the
instructional approach for the next class period. Data collected to document the whole
class instruction in the science methods course included field notes of all class
meetings, all class documents including the syllabus, hand-outs, and course readings;
and an audio-recorded, semi-structured interview with Dr. Adams.

Teaching development experiments also include a case study approach to
understand preservice teachers’ experiences and developing practices. In this approach,
the researcher uses reform conceptual frameworks as a lens to investigate preservice
teachers’ developing practice and to understand how the preservice teachers make
sense of their experiences planning and teaching science. Simon & Tzur (1999) point
out that this perspective is different from a deficit accounting of what developing
preservice teacher’s can and cannot do and at the same time, different from reporting
what the preservice teachers might say about their own practice. Simon & Tzur call this
approach “explaining the teachers’ perspective from the researchers’ perspective” (p.
254). This approach values the preservice teachers’ perspective and experiences as

true for that preservice teacher, but at the same time, explains the preservice teachers’
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experiences from within the researchers’ frameworks. This approach informs the
development of innovative teacher education approaches and theory.

This study followed three elementary preservice teachers, referred to in this work
as interns, as they participated in the science methods course and used the frameworks
and tools introduced in the course to plan and teach their science lessons in their field
placement classrooms. The individual intern case studies involved developing accounts
of the intems’ use of the EPE frameworks and I-AIM/CA&P tools in their own planning
and teaching. The accounts considered both how the intems used the frameworks and
tools as compared to the intended uses, as well as their perspectives on and the
meanings they made of their experiences planning and teaching science. In Simon’s
(2000) description of the teaching development experiment, the researcher takes on the
role of a field supervisor, helping to develop the preservice teacher’s practice in the field.
As the researcher in this dissertation, | down-played the role of field supervisor because
the intemns already had a field instructor to whom they were accountable. However,
consistent with the teaching development experiment methodology, | offered curriculum
materials, activity suggestions, and management ideas when the interns asked for my
advice.

Data on intems’ use of the tools included copies of all course artifacts including
unit and lesson plans, analysis and reflection reports on their teaching experiences, and
science teaching philosophy statements; video-recordings of five to seven classroom
observations of the intems teaching their plans in their field placement classrooms;
audio-recorded, semi-structured interviews with each intern’s mentor teacher; and three
audio-recorded, semi-structured interviews with each intern. One interview with each
intern occurred early in the semester before they began planning their science units and
the other two interviews occurred after they had completed their science teaching in their

field placement classrooms. All interviews and classroom observations were transcribed.
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In order to understand how the interns used the tools, the meanings they made
of the tools and frameworks, and their experiences planning and teaching science,
analysis of the intern case studies took two forms. First, the analysis of the interns plans
and enactments took an etic perspective (Watson-Gegeo, 1988) to compare the interns’
use of the I-AIM and CA&P tools to the designers’ intended use of the tools. This
analysis provided a picture of what the intems did and framed their practice within the
research framework. The second analysis took an emic perspective to gain insight into
the interns’ own goals, needs, concemns, beliefs, and understandings that were guiding
their use of the tools (Watson-Gegeo, 1988). Through the process of analytic induction
(Erickson, 1998), the emic data were coded and grouped to look for patterns and to test
emerging hypotheses to explain the interns’ experiences. Finally, an explanatory
framework was developed that coordinated these analyses and explained the interns’
experiences from the research perspective. The rest of this chapter provides the

methodological details of this study

Context

The interns in this study were in their last semester of their fifth year of a five-
year elementary teacher preparation program at a large, mid-westem university. During
the internship year, the interns’ primary focus was learning to teach in their field
placement classrooms. Interns were placed in a K-8 school classroom for four days a
week for the entire school year. The assigned classroom teachers served as the intems’
mentor teachers. The interns worked closely with their mentor teachers, with the intemns
gradually taking more responsibility for the planning and teaching of all subject areas as
the year progressed. Interns also received support for their field experience from a
university-based field instructor who made frequent classroom observations and held

weekly field seminars with the interns.
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In addition, the interns participated in two university graduate-level courses each
semester. During the spring semester, one of these courses was a science methods
course. This course was designed specifically to support intems as they planned and
taught a three- to-four week science unit in their field placement classrooms. The course
emphasized unpacking leaming goals, identifying students’ conceptions related to the
learning goals, analyzing curriculum materials, developing an instructional approach,
assessing student understanding, and building a classroom community that supported
all students in learning science. The topic of the interns’ science unit was assigned by
the interns’ mentor teachers and fit within the school science curriculum.

This graduate-level science methods course was the second science methods
course that interns received during the teacher preparation program. During their fourth
year, they had completed their first science methods course, which focused more
broadly in the nature of science, science learners, and strategies for teaching science. In
addition, all intems had taken at least eleven credit hours of science content courses
during their undergraduate studies.

The science methods course was divided into three phases. During the first five
weeks of the course, intems met weekly with a university science education professor
for a three-hour seminar on science teaching. They read assigned course materials and
completed assignments designed to scaffold their planning practices. In the second six
weeks of the semester, called guided lead teaching, the course did not meet, and interns
were responsible for teaching their planned science unit and all other subject areas to
their students in their field placement classrooms. During at least three weeks of this
guided lead teaching time, the interns’ mentor teachers were not present in the field
placement classrooms. For the last four weeks of the semester, the intems again met

with the science education professor for weekly science seminar meetings.
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The science methods course specifically emphasized the EPE framework and
the use of the I-AIM and CA&P tools. Dr. Adams began the course with a demonstration
unit about electricity that modeled a science unit that fit the I-AIM. He engaged the
interns in the activities first, then provided the interns with the written activity sequence
for the unit. He discussed the function of the activities in the sequence and provided a
rationale for activities. He used the example electricity sequence to illustrate the
difference between scientists’ science and traditional school science as defined by the
EPE framework. He also used the example electricity sequence to define the practices
of inquiry and application. In addition, Dr. Adams held a special workshop at each of the
interns’ field placement schools for the interns and their mentor teachers. At the
workshop, Dr. Adams introduced the EPE framework and the I-AIM and CA&P tools to
the mentor teachers. He provided time for the interns and their mentor teachers to work
together on the interns’ science unit. He specifically asked the interns and mentor
teachers to bring their available curriculum materials to the workshop so that they could
begin analyzing the materials together and considering how to use and modify the
materials to fit the I-AIM. Dr. Adams consulted with each intern/mentor teacher team to
provide guidance and suggestions. Finally, he provided the interns with a detailed outline

for their unit plans, including formats, details of required elements, and deadlines.

Sample Selection
Interns who volunteered to participate in the study were recruited during the first
meeting of the science methods course. | gave the intems an overview of my project,
explaining that | was interested in learning more about their experiences and
perspectives on leaming to teach science in the course and that | was specifically
interested in their experiences with some of the tools for teaching to which they would be

introduced in the course. | told the intems that | was asking for two types of participation
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in my study. First, | was seeking consent from each intern to observe them during their
weekly science methods course meetings and have access to the assignments they all
turned in to Dr. Adams. Second, | was seeking interns who would be willing to allow me
to observe them teaching in their field placement classrooms and interview them about
their planning and teaching experiences. Of the nineteen interns in the course, eighteen
provided consent for me to observe them in class and examine their course work. Five
intems agreed to the field placement observations and interviews.

The study began with all five interns who had volunteered to participate in the
case study aspect of the research. | had hoped to have intems who represented a wide
range of interests in science and science teaching, grade level placements, diversity of
field placement schools, and topics of instruction. One intern dropped out of the study in
the fourth week of the semester, before interviews began, because she decided she did
not have any extra time to participate in the project. The remaining four interns
participated in all aspects of the study. However, because of scheduling conflicts during
the guided lead teaching portion of the semester, | was able to observe one of the
remaining four intems only one time and was able to conduct only one post-teaching
interview with him. As a result, data were lacking and | decided not to include him in my
analysis. A brief description of the remaining three focus intems follows (all names are
pseudonyms).

Dana had a sixth-grade placement in a self-contained class in an elementary
school. This school was in a formerly rural setting that was recently becoming more
suburbanized. The school had thirty percent of the students on the free or reduced lunch
program. Of the 21 students in this classroom, 70% were Caucasian, 20% were African
American, five percent were Hispanic, and five percent were Asian. One student in the

class had a visual disability that required accommodation. Dana desired to become a
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middle school science teacher and had been an integrative science major as an
undergraduate. Her topic of instruction for her science unit was light and color.

Leslie had a fifth-grade placement in a fifth-sixth grade middle school. This
school was also in a formerly rural setting that was becoming more suburbanized. In
addition, school-of-choice students sometimes transferred from nearby urban districts.
The school had thirty-five percent of the students in the free or reduced lunch program.
Leslie’s mentor teacher team-taught with another mentor teacher down the hall. As a
result, Leslie taught her science lessons to two classrooms of students. Each class had
approximately 21 students, with 756% Caucasian, 15% African American, seven percent
Hispanic, and two percent Asian. There were no designated special education students
in the class. Leslie had been a social studies major as an undergraduate. Her topic of
instruction was broadly defined as the carbon cycle.

Nicole had a second-grade placement in an elementary school. Like the other
schools, it was also in a district that had formerly been primarily rural and was rapidly
becoming more suburbanized as the nearby urban areas expanded. 34% of the students
in the school received free or reduced lunch. Nicole had 23 students in her classroom, of
which about 85% were Caucasian, five percent were African American/Black, five
percent were Hispanic, and five percent were Asian. This class had six students who
were from families that had recently immigrated to the United State from Bosnia,
Vietnam, Thailand, France, and China. Of those students all were bilingual and three
were English Language Leamers. Nicole was a language arts major as an

undergraduate. Her topic of instruction was sound.

Data Collection
The data for this study were collected over the course of the semester. For each

intern, a set of data included all course assignments turned in to the professor, five to
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seven video recordings of enactments of their science lessons in their field placement
classrooms, three audio-recorded interviews with the intern, and one audio-recorded
interview with the intern’s mentor teacher. In addition, field notes from all university
science methods course meetings and copies of all course documents were collected.

These data sources are described in detail below.

Course Artifacts

As part of the university science methods course, interns completed and turned
in to the professor the assignments listed below. | also had access to professor’s
feedback on the assignments each focus intem submitted for the class. These sources
provided data on intern thinking and actions, as well as some of the context of both the
science methods course and the field placement classrooms in which the interns were
participating.

e Leaming Goals and Experience-Patterns-Explanations (EPE) Chart that
identified the appropriate Michigan Curriculum Framework benchmarks, the
central question for the unit, the ideal student response, and a list of student
experiences related to the learning goal, patterns that emerge from those
experiences, and the related scientific explanation;

e Pre-Assessment Plan, Results, and Analysis that described at least two pre-
assessment tasks that the intern administered to students in her field
placement classroom, example results, and an analysis of student responses
that included identification of goal and naive student conceptions related to
the learning goal;

e Student Status Chart that identified several focus students in the class and

notes on their peer status and special needs;
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Analysis of Curriculum Materials that identified strengths and weaknesses of
the curriculum resources the interns had available to plan the science unit;
Planned Instructional Approach that outlined the sequence of activities for the
entire unit and identified the strategic function of each activity;

Daily Lesson Plan for two to four lessons that provided details for instruction
and assessment;

Post-Assessment Plan, Results, and Analysis that described at least two
tasks that interns administered to assess student learning at the end of the
unit. The plan identified features for analysis of student responses to the
tasks. Analysis included interpretation of the results across the class and
reflection on the results in light of the interns’ planning and instruction
experiences;

Learning Community Plan and Report that outlined a characteristic of the
classroom learming community that interns wanted to support during their
teaching, their plan for building and supporting their learming community, and
a report on the results of their plan after teaching their science unit;

Science Philosophy Statement that interns wrote at the end of the semester

to explain their personal science teaching philosophy.

Classroom Observations

During Lead Teaching, | made five to seven visits to each focus intemn’s field

placement classroom. In the elementary schools, science is not usually taught every

day. Therefore, | asked each intern to provide me with the dates on which they would be

teaching their science units. | visited each classroom once before the intems started

teaching to observe the context of each field placement classroom. For two of the three

focus intemns, | was able to observe the classroom mentor teacher teaching science
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during this initial visit. This observation provided me with a baseline understanding of the
classroom learning community and characteristics of science instruction that were
present in the classroom before the intern became responsible for planning and teaching
science. In the third case, the mentor teacher did not want to be observed teaching, so |
observed the intern teaching a math and a reading lesson. This observation still allowed
me to become familiar with the overall classroom community and norms before the
intern began teaching science.

On subsequent visits to each interns’ classroom | observed the intern teaching
science. These observations provided data on how the interns enacted their lessons and
the context in which they were enacting the lessons. These observations also provided
data on intems’ instructional actions while teaching. Sometimes the intems were able to
provide me with their lesson plans or outline before | observed the lesson. | set-up the
video camera at the back of the classroom and focused the camera on the intern. The
intern wore a wireless microphone. There were also microphones placed around the
room to capture student responses during small group and whole class discussions. For
one intern, Nicole, one observation involved a field trip and another observation involved
an after-school parent event. Because of video-consent issues, | did not video record
these lessons. | took field notes during all observations and supplemented the field notes
with transcriptions from the available video recordings. As a result, there is a complete
written and video record of each science lesson observed. For each intem, | was able to

make between four and six observational visits total.

Interviews
Intern Interviews. | conducted three interviews with each focus intern. These
interviews were audio recorded and lasted approximately one hour. All interviews were

transcribed. Because the purpose of this research was to understand how the intemns
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made sense of and engaged with the I-AIM and CA&P tools offered in the science
methods course, the interview protocols borrowed from a phenomenological approach.
Phenomenology is concerned with understanding how people experience certain events,
how they construct meaning from those experiences, and what meanings they construct
(Bogdan & Biklin, 2003; Pinar et al., 2000). | used open-ended questions and probes as
guidelines to invite the interns to share their experiences and tell their stories related to
using curriculum materials to plan science lessons. These semi-structured conversations
elicited intes’ attitudes, beliefs, experiences, and understandings related to teaching
science, lesson planning, curriculum materials, and who their students were.

The first interview took place early in the semester before the interns had delved
deeply into their planning and teaching. The purpose of this interview was to get to know
the intern and to explore ideas about planning and teaching science that the intem
brought to the science methods course. The first few questions asked about intemns’
experiences in their field placement classroom and their relationship with their mentor
teacher. Following were questions about interns’ previous experiences planning and
teaching science lessons. | then provided each intemn with a planning scenario. | gave
each intern a set of curriculum materials and a state science curriculum benchmark as a
learning goal and asked the interns to describe how they would go about planning a
science unit to address this learning goal and how they would use the curriculum
materials to plan the unit. The curriculum materials and curriculum benchmark were
selected to match the grade level of the classroom in which each intern was teaching.
Probing questions asked the interns what they would look for in the curriculum materials,
how they would decide what activities from the curriculum materials to include in their
plans, how they would organize the activities, and how they would decide if the unit went

well. These questions were designed to elicit intem visions, beliefs, and conceptions

41



about how to plan and teach a science unit. The interview ended by asking the interns to
describe their personal goals for the science methods course.

The second and third interviews took place after each intern completed teaching
their science units in their field placement classrooms. The purpose of these interviews
was to explore the planning and teaching decisions that each intern made. This
sequence of interviews began with questions about the intems’ perceptions of their
students, including student resources for learning science and special needs. The next
set of questions explored the interns’ classroom learning community and how they
managed the community to support their students in learmning science. The interview
protocol also included questions about the intems’ perceptions of the strengths and
weaknesses of their curriculum materials and how they used their materials when
planning their lessons.

The majority of the questions in this interview sequence focused on the specific
activities that the interns planned and taught. | asked each intern about each activity that
they planned. During this phase of the interviews, | selected a video clip from the
observation video recordings of each intemn to go with each activity or set of related
activities. | showed the clips to the intemns during the interviews and asked them to
comment on the video clip. | used the video clips to stimulate intemns’ recall about their
thinking during both the planning and teaching of each activity (Borko & Shavelson,
1990; Simon, 2000). Specifically, | probed the rationale for including each activity and
what the interns’ hoped each activity would accomplish. | asked where they got the idea
for the activity, what modifications they made to the activity from its original source, and
why they made those modifications. | also asked interns what they were thinking about
during the activity, how they thought the activity was working for the students, and their
rationale for some of their specific actions and responses to students during their

teaching.
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Following the questions about the activity sequence, the interview protocol
included questions to probe interns’ ideas about their use of the I-AIM and CA&P tools,
their experiences with the tools, and their thoughts about the usefulness of the tools. The
interviews ended with another hypothetical scenario. | provided each intern with an
activity sequence for a weather-related learning goal and asked the interns to analyze
the strengths and weaknesses of the sequence. This scenario provided me with insight
into the interns’ ideas about the type and order of activities in a science unit and their
use of those ideas to analyze activities in curriculum materials.

Mentor Teacher Interviews. In addition to the intems, | also interviewed each of
the intern’s mentor teachers. These interviews were also semi-structured in format,
audio-recorded, and transcribed. The purpose of these interviews was to gather data
that could be used to build a broader picture of the context in which each intern was
teaching and to triangulate with interns’ comments and actions. The protocol included
questions about the school and district science curriculum and curriculum materials
available, the mentor teachers’ perceptions of science and approach to teaching
science, and the mentor teachers’ perceptions of the students in the classroom and the
classroom learning community. The protocol also included questions about the mentor
teachers’ perceptions of the intem’s experience during the year and the intems’ science
plans and teaching. These interviews usually lasted about one hour.

Course Professor Interview. Finally, | interviewed the science methods course
professor. Like the other interviews, this interview was semi-structured, audio-recorded,
and transcribed. The protocol included questions designed to elicit the professor’s goals
and intentions for intemns’ planning and teaching of their science units. It also included
questions about the professors’ perceptions of each focus interns’ work and progress

during the semester. This interview also lasted approximately one hour.
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Science Methods Course

Data gathered on the science methods course provided information on the
context of the science methods course. In addition, one feature of design-based
research is that one of the phenomena of study is the design process itself and
therefore, it is common for design-based research, including teaching development
experiments, to include records to support a retrospective analysis of the design (Cobb
et al., 2003; Simon, 2000). Data on the science methods course provide information that
can help in future redesigns of the tools and instruction related to the tools. Data include
field notes from all science methods courses. | also collected all documents made
available to interns during the science methods course, including the syllabus, class
notes, class readings, and in-class assignments.

In summary, data for each intern include all course assignments, five to seven
classroom observations with associated field notes and transcribed video recordings,
three transcribed audio recordings of pre- and post-teaching interviews, and one
interview with the interns’ mentor teacher. Data on the science methods course include
field notes from all course meetings, all course documents, and transcribed audio

recording of an interview with the course professor.

Data Analysis
| conducted two different analyses of the individual case studies. The first
analysis involved comparing the interns’ use of the EPE framework and I-AIM and CA&P
tools in their plans and enactments to the intended use of the frameworks and tools. This
analysis took an etic perspective because it used the researcher/designers framework
as the point of reference for performance and meaning making (Watson-Gegeo, 1988).
The second analysis took an emic perspective as it focused on uncovering the interns’

beliefs, goals, visions, experiences, and perspectives that guided their use of the
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frameworks and tools. This second analysis was a more interpretative analysis and
assumed that what people do is mediated by their interpretations of their experiences
(Erickson, 1986). Like phenomenology, it is concerned with understanding the meaning

that people make from their experiences. | will explain each analysis in detail.

Analysis of Interns’ Planned Instructional Approach and Enacted Activity Sequence

Interns’ plans included their planned instructional approach as well as their
lesson plans. | focused primarily on the interns’ planned instructional approach because
it provided the overall sequence of activities for the entire science unit. Interns used a
tabular format to outline the sequence of activities in their instructional approach. Table
3.1 shows an excerpt from an example instructional approach for an electricity unit that
the intems were given as a model. This format delineates activities as small-scale
events. A new activity is defined when the focus or purpose of the activity shifts (E. L.
Smith, 2001). For example, a whole class discussion is a separate activity from a hands-
on exploration, which is in turn a separate activity from a small group of students sharing
ideas, which is different from individual students recording their ideas in science
notebooks, even though all of these activities may belong to the same overall lesson.
For each activity, interns assigned an activity label and provided a brief description of the
activity. In addition, interns were instructed to assign an I-AIM activity function for each
activity in the sequence.

For interns’ enacted activity sequence, | developed a table using the same format
as the planned instructional approach based on my observations of the intems’ teaching
enactments in their field placement classrooms. | dissected the interns’ classroom
enactments into activities, described each activity, and assigned an activity function

based on how | observed the activity to function in the classroom.
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Table 3.1
Portion of an example instructional approach from a model unit about electricity

Activity Activity Functions
No. Label Activity Description (Why this activity in this
sequence?)
ts;':crj‘gr::sa'e)):tn::: gg]s?rc:'ng;t' Establishes a problem for the
1 Exploring a its parts. They construct a first sequence, *How do
flashlight draft exg;lanazon of how they flashlights work?” and elicits
think the flashlight works. student’s initial ideas about it.
expianations. The class | Share ideas and show that
2 Sharing ideas | shares their ideas and gggﬁ'teﬂ::;ﬁ ﬂge;r;t ideas
teacher lists the different L 9
ideas. electricity.
The teacher introduces the
strategy of investigating a
similar but simpler system.
Investigating a | The students will be given a
simpler flashlight battery, a bulb, and .
3 system: wire. They will work in pairs Sl); F::lt?lr;t;f’ :ﬁ: :ﬁ;:::‘. cal
Designing a to connect the components to ts
hookup to make the bulb light. They will | €OMPONeN's.
light a bulb first design a hookup and
record it in their journals.
They will then test their
prediction and other hookups.
Students work in pairs to test
their designs, recording their
4 Testing the results in their journals. They Explore r‘: helzmomt,:pa'\‘?f
designs then test other hookups, various nookups lighting or
recording each and whether not lighting, testing ideas
of not it lit the bulb.
The students report the
hookups that worked and
those that did not as the
teacher records them on a
chart or overhead .
transparency. They then kggtufo; Fl’ia:?::: g‘u\ft’)haart\ d
5 Forming a rule | construct a rule for how the hi pslig di
battery and bulb must be which d°. not, recording
connected to light the bulb. observations.
They check the rule to be
sure it covers all of the hook
ups that worked and did not
work.
Continues....
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| devised a color-coded analysis method to determine how the interns’ planned
instructional approaches and enacted activity sequences fit the I-AIM and CA&P. First, |
assigned each stage and function of the I-AIM a unique color (Table 3.2). | then color-
coded the interns’ planned instructional approach using these colors. Unless otherwise
noted in the results chapters, | assigned the colors based on the activity functions
described by the interns in their planned instructional approach. | could then examine the
color-coded planned instructional approach and enacted activity sequence to identify
patterns in the activity functions that would characterize the interns’ use of the I-AIM and
CA&P. Tables in this dissertation describing the interns’ planned instructional approach

and enacted activity sequences are presented in color.

Table 3.2
Color codes used in the I-AIM analysis
EPE Model Stage Activity Strategic Function
Engage Establish a question (light yellow)

(yellow)

Explore &  Explore phenomena & look for patterns (sea green)
Investigate

(green) Explore student ideas about patterns (light green)

Develop student explanations (about patterns)

(dark blue)
Explain

) Introduce scientific ideas (light blue)

Compare to & revise student ideas (sky blue)

Apply Practice with suppol odel & coach) (violet)

(purple)

The I-AIM is not intended to be a linear model, and there are many pathways or

cycles that a sequence of instructional activities can move through, resulting in many

possible color patterns. However, there are a few features of these color patterns that
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indicate whether or not the instructional sequence meets the intentions of the I-AIM and
EPE frameworks described in Chapter 2. First, the instructional approach and enacted
activity sequence should include an Engage stage activity that establishes a central
question for the unit (light yellow) (Reiser et al., 2003; Rivet & Krajcik, 2004; E. L. Smith,
2001). This activity should come near the beginning of the unit and near the beginning of
any maijor shift in leaming goals in the unit. Second, the position of the Explore &
Investigate stage and functions (greens) relative to the Explain stage and functions
(blues) is important. Inquiry leaming as defined by the EPE framework requires that
experiences come before explanations. As described in Chapter 2, providing
experiences with phenomena before offering explanations and making the patterns in
the experiences explicit distinguishes scientists’ science from traditional school science
(Anderson, 2003; Sharma & Anderson, 2003). Therefore, the Explore & Investigate
stage and functions must come before the Explain stage and functions. That is, greens
should come before blues. Previous rounds of research in this design project show that
preservice teachers often do not place experiences before explanations (Bae, 2007;
Gunckel et al., 2007); therefore, looking for this feature is especially important for
determining if the interns used the I-AIM as intended. A more detailed analysis of this
pattern should show that the Explore & Investigate stage activities are related to the
learning goals, include experiences with phenomena and make pattems visible (dark
green), and elicit student ideas about the patterns (light green). In places where interns’
planned or enactment sequences suggested that they were making patterns explicit, |
examined the transcript of the classroom observation carefully to determine to what
extent the interns were able to make the intended pattemns in experiences explicit in their
teaching. |

Next, when looking at Explain stage activities, the planned instructional approach

and enacted activity sequence should provide students with opportunities to develop
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their own ideas about the patterns (dark blue), provide scientific information (light blue),
and compare student ideas to the scientific ideas introduced (sky blue). Finally, the
planned instructional approach and enacted activity sequence should engage students
in the practices of application (Anderson, 2003) by providing students with opportunities
to use their new understanding in new contexts (purples) (J. S. Brown et al., 1989;
Collins et al., 1989).

Analysis of the extent to which the intems accounted for student intellectual and
cultural resources for leaming science in the planned activity sequence involved
examination of the planned instructional approach for references to student naive
conceptions, previous leaming experiences, prior knowledge, funds of knowledge, or
ways of being in the world. | also analyzed the transcripts and field notes of the
enactments for examples of interns explicitly acknowledging or acting on student
intellectual or cultural resources. In addition, | analyzed the transcripts of the second and
third interviews, when interns were talking about their planning and teaching decisions
for each activity, for instances when interns explicitly or implicitly referred to student
resources for learning.

Table 3.3 summarizes the EPE, I-AIM, and CA&P features that | was looking for
in the color-coded planned instructional approach and enacted activity sequence, and
the interviews and transcribed classroom observations.

Table 3.3
Instructional approach and enacted activity sequence analysis framework

Tool Analysis Foci

Establish a Central Question
Experiences before Explanations
Patterns made explicit
Opportunities for Application

I-AIM: EPE

CA&P: Taking Account of
Students

Consider student conceptions
Consider student cultural resources
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Analysis of Beliefs, Goals, Perceptions, and Experiences that Guided Intern Use of
Tools

In addition to understanding how the interns’ use of the I-AIM and CA&P tools
compared to the intended use of the tools, | also wanted to understand the intemns’
perspective on the tools, their experiences planning and teaching science in their field
placement classrooms, their ideas about the university science methods course, and
their visions for teaching. This analysis took the emic perspective in order to understand
the interns’ experiences from their point of view (Watson-Gegeo, 1988). | analyzed all
course assignments, interviews, and classroom observations. | coded each of these data
sources using two types of codes. One type of code highlighted what the intemn was
paying attention to in her planning and teaching decision-making, such as student
conceptions, types of experiences, scientific explanations, etc. The second type of code
characterized interns’ comments about planning and teaching. These codes noted, for
example, clues to their perceptions of the students or their understanding of the
assigned task. Using the process of analytic induction (Erickson, 1986, 1998), | looked
across the two sets of codes for key linkages that would connect as much of the data as
possible together to support the emerging explanations for how each intern used the
tools. Finally, | looked across the data for all three interns to find similarities in the
influences on how they used the tools. In Chapter 7 | will present the explanatory
framework that coordinates the analysis of the ways interns used the tools and the

analysis of the influences that guided their use.

Limitations
There are several limitations of this study. To begin, these cases are complex
and necessarily incomplete. That is, there are probably data that | did not collect that

might have provided a different picture of the situation. Given the interpretive nature of
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this work, there could be many other stories that could be told about these interns and
their experiences planning and teaching science (Bogdan & Biklin, 2003). In these
chapters | present one particular story that focuses on how these intemns used the tools
introduced in the science methods course. | try to provide enough data for the reader to
consider several perspectives, and draw attention to alternative interpretations when
possible (Erickson, 1986, 1998).

As a teaching development experiment, this research took place in naturalistic
settings. Research in naturalistic settings is subject to the criticism that such research is
not generalizable because there are too many uncontrolled variables. Furthermore, the
teacher (course professor) and researcher are not independent of the context (Barab &
Squire, 2004; Simon, 2000). Design experiments, including teaching development
experiments, are necessarily messy. However, the goal is not to uncover universal truths
or tools that can work in all situations. Rather, research in naturalistic contexts provides
important information on how designs and tools work in real settings. Furthermore, it
leads to flexibly adaptable theory — that is theory that can explain many diverse teaching
situations (Barab & Squire, 2004).

Another common critique of teaching development experiments is that the results
are dependent on the expertise of the teacher-researcher, in this case, the course
professor Dr. Adams (Simon, 2000). Teaching development experiments rely on
teacher-researchers who have a deep understanding of the teaching practices that the
experiments are designed to develop. Experienced teacher-researchers serve to insure
the validity of the research. That is, it insures that the course instructor is developing in
preservice teachers the practices that the research is investigating. Previous
experiences in other cycles of this research suggest that instructors who are not familiar
with the frameworks they are asked to use often do not have the resources to flexibly

respond to preservice teachers’ struggles in leaming to use the frameworks (Schwarz,
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2007, Personal Communication). In this dissertation research, Dr. Adams was a co-
developer of the I-AIM and CA&P tools and had a long history of teaching elementary
science methods courses and supporting elementary preservice teachers in leaming to
plan and teach science. He knew intimately the practices he wanted his preservice
teachers to leamn. While the results of this research did depend heavily on his expertise,
without such expertise, the validity of these results would have been much more
questionable.

Another important limitation of this research is the selection bias of the focus
interns. These interns volunteered to participate in this project. They were motivated,
high-achieving individuals who chose to participate in this study during the hectic, high-
pressure second semester of a demanding teacher preparation intemship. Furthermore,
all three interns were of the same age, gender, and ethnicity. They all worked in schools
with similar student populations in terms of socio-economic status and ethnic diversity.
As such, these focus interns do not represent the range of preservice teachers and their
uses of the I-AIM and CA&P tools do not represent all possible uses. Future research
would be helpful to examine how different preservice teachers use the I-AIM and CA&P
tools in other teaching contexts. However, the point of this research was not to examine
all possible outcomes. Nor is it to suggest that the results are generalizable to all cases
(Bogdan & Biklin, 2003). Rather, as qualitative research, and specifically as design-
based research, the purpose was to understand a particular situation and use that to
develop “humble theories” that remain useful when applied to new contexts (Barab &
Squire, 2004; Cobb et al., 2003; Design-Based Research Collective, 2003).

Finally, the bias of the researcher is important here as well. As a participant in
the research as well as the researcher in this project, my own perspectives and views
carried bias into the results and interpretations of this work. Such bias cannot be

eliminated (Bogdan & Biklin, 2003). | made a sincere attempt in this research to examine
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issues from multiple perspectives and to present the data in a way that would allow
readers to examine the data from their own perspectives as well. The goal of this
research was not to pass judgment on any of the participants, including the interns,
course professor, or mentor teachers. Rather, the goal was to add to our understanding
of how preservice teachers leam to use tools to plan and teach science. As such, |
believe that my perspectives and frameworks have contributed to, rather than detracted

from, this goal.
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CHAPTER 4
Dana
Chapter Overview

Dana was an intern with a strong vision for how she wanted to teach science.
She wanted to engage her sixth grade students in hands-on activities and conversations
with each other to help them construct canonical explanations for science phenomena.
Furthermore, she wanted to demonstrate to her mentor teacher that science teaching
could involve more than reading science in the textbook. Dana was assigned to teach
about light. She chose to write her unit for her science methods course on the topic of
light and color. She used an example instructional sequence from her science methods
course as a template for her unit, which allowed her to enact aspects of her vision for
science teaching and meet the requirements of the science methods course in an
efficient manner. In the process, Dana engaged in many of the reform-based practices
that the example instructional sequence and the I-AIM and CA&P tools represented.
However, Dana did not engage the |-AIM and CA&P tools in a substantive way in
planning her instructional approach. As a result, even though the example instructional
sequence provided her with access to the practices that I-AIM was intended to scaffold,
Dana did not develop the generalized understandings for the frameworks that the |1-AIM
and CA&P were intended to represent.

In this chapter, | will describe Dana’s teaching situation and the expectations that
she had to negotiate in her planning and teaching of science. | will describe Dana’s
planned instructional approach, and it's similarities to the example instructional approach
from the science methods course. | will also describe the enacted activity sequence and
compare the practices she engage in during the enactment to the practices I-AIM and

CA&P were intended to scaffold. Then | will explain Dana'’s vision for science teaching
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and how her use of the example instructional approach helped her realize her vision
while meeting the expectations of the science methods course and her mentor teacher. |
will end with a discussion of the implications of Dana’s use of the example instructional
approach for her practice and her understanding of the reform-based principles that the

I-AIM and CA&P represent.

Planning a Light and Color Unit

One of Dana’s challenges in her intemship was negotiating the various
expectations place on her science teaching. On the one hand, she was expected to
cover all of the topics on light in the school district sixth-grade curriculum. On the other
hand, she was expected to develop a three-week unit on one topic for her science
methods course. Dana herself had certain expectations for what good science teaching
entailed. She also had a personal goal to teach her science unit differently than how her
mentor teacher taught science. All of these expectations influenced how Dana went
about choosing and planning her unit on light and color. In this section | will describe
Dana'’s teaching situation and how she identified the unit she planned to teach. | will then
describe how she went about planning the unit, including her analysis of her curriculum
materials and her development of her planned instructional approach. | will end with a
comparison of the unit that Dana planned to teach with the example instructional

approach that she used to guide her planning.

Dana’s Teaching Situation

Dana interned at Libby Elementary School, a suburban school located on the
outskirts of a small city of about 36,000 people. The school served approximately 375 K-
6™ grade students. About 30% of the students in the school received free or reduced
lunch. Dana’s class was a self-contained 6™-grade. She had 21 students in her class, of

which approximately 70% were Caucasian, 20% were African American, five percent

55



were Hispanic, and five percent were Asian. One student in the class had a visual
disability that required accommodation.

Dana’s class was the only 6th-grade classroom in the building. Dana would have
preferred a middle school placement where students switch teachers for different
subjects.

| was a little disappointed. | am not going to lie. Because | had hoped for

middle school. And, 6th grade was as close as they got me. So, | am

~ happy, but | really wanted to have a sort of middle school experience
because it is a lot different. Especially since mine is self-contained 6th

grade. So we never have a different teacher except for specials. (Dana

Interview, 1/18/2007)

Dana’s mentor teacher, Melinda found the situation isolating. Melinda would have
preferred to have had at least one more 6th grade class in the school so that she and
the other 6th-grade teacher could share resources and team teach some subjects.

Teaching a 6th grade has been a totally different experience from when |

taught 4th grade...Unfortunately, it has been a lot more difficult teaching

the 6th grade science because we don't have anything here in this

building. Plus, teaching all subject areas, | don't have the time. The 6"-

grade teachers [at another district school], that is what they do all day

because they team...They have a separate room that is full of

everything... Everything you could possibly need for that lab. That was

nice. | am finding that with 6th grade, it has been so much harder to fulfill

any of the labs. | am a little disappointed. And | shared that with Dana.

(Melinda Interview, 3/22/2007)

Both Dana and Melinda saw their teaching situation as one they just had to accept and

work with the best that they could.
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Identifying the Learning Goals

The school district 6"-grade science curriculum spiraled across grades 6-8, so
that students had some life science, Earth science, and physical science in each of the
three grades. The students used the same textbooks, from the Holt Science and
Technology textbook series in all three grades, with certain topics assigned to each
grade level. The school district had a scope and sequence document plus many
supporting materials elaborating on the benchmarks that Melinda showed to me during
an interview. However, Melinda only provided Dana with a note card with textbook page
numbers listed on it and told Dana that she was responsible for teaching the content on
the listed pages. The content covered topics in both light and sound. Dana was not
excited about the topics listed.

| mean, it's a little discouraging because this doesn't excite me, really.

Like, | didn't like physics, at all. And, | think light is ok. Light is kind of cool.

But the sound part of it really doesn't interest me at all. (Dana Interview,

1/18/2007)

The science methods course instructor, Dr. Adams, suggested to the interns that
they should choose one set of related leaming goals to focus on for their planning for the
science methods course. Dana explained this suggestion to Melinda in an intern-mentor
teacher co-planning workshop in an attempt to negotiate fewer topics to cover.

1 Dana: We're supposed to have one central question so that is why

instead of being light and sound, | have to focus on one because
there is no way | could do this for both.

2 Melinda: Right. But if we look at the division of the four chapters.

Nature of waves, property of waves, what is sound, properties of

sound, interaction, and then it basically does the same thing.
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Interactions with light waves, light and color, sources. So this would
probably be your dividing line between the two.

3 Dana: Right, but | am only doing all this for one.

4 Melinda: For one. Gotcha. All right. That would be impossible. Ok.

(Workshop Transcript, 1/19/2007).

Melinda agreed that Dana could be responsible for teaching the light topics only:
waves, light sources, and light and color. Dana decided that for the science methods
course, she would write her unit about seeing color.

| just looked at what it was that they had wanted to cover and | thought

that, “Why we see things the way we see them,” is the best thing | could

use for the model that he [Dr. Adams] had wanted us to. (Dana Interview,

4/9/2007)

Dana decided that her central question would be “Why do we see colored objects?”
(Dana Learning Goals Assignment, 2/7/2007).

By providing Dana with a list of topics to teach and no other supporting materials
besides the textbook, Melinda was sending the message to Dana that teaching science
was about covering the required topics. Dana recognized that Dr. Adams was asking her
to do considerably more than just cover the topics. Dana negotiated with Melinda for a
reduced number of topics to cover, and then selected one topic that she would develop
more fully for her science methods course. Thus, during her planning and teaching,
Dana was negotiating between these two sets of expectations: Melinda’s expectation
that she would cover the content, and Dr. Adams’ expectation that she would fully
develop a unit of instruction using his frameworks. Dana also had her own expectations

for her science teaching, which | will talk about later in this chapter.
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Curriculum Materials Analysis

One of the assignments that each intem completed prior to developing an
instructional approach was an analysis of the curriculum materials they had available to
use to plan their units. Interns were asked to use the questions in the CA&P tool as a
guide for analyzing the strengths and weaknesses of their materials.

Dana analyzed the Holt Science and Technology: Physical Science textbook.
Overall, she thought that the textbook presented good framing questions to the students
and did a good job explaining scientific terms with examples and pictures. However, she
was critical of the materials. “I mean the content of the book is great, but it doesn't
provide enough hands-on opportunities or opportunities for sharing of ideas” (Dana
Interview, 4/9/2007). In her view, these weaknesses meant that the materials did not
support students in changing their misconceptions.

The activities that are included do not provide opportunities for the

students to explore their own preconceived ideas about the topic. This

type of learning helps to eliminate misconceptions and clarify the true

relationships. (Dana Curriculum Materials Analysis Assignment,

2/27/2007)

In her planned curriculum materials modifications, Dana claimed that her unit would
address these weaknesses, “Students will be forced to clear misconceptions. They will
be expected to share prior thoughts and explain how their ideas of how things work have
changed after given the experience of working with the phenomena first hand.” (Dana
Curriculum Materials Analysis Assignment, 2/27/2007).

The curriculum materials analysis assignment also asked intemns to use the
CA&P to consider how well the curriculum materials matched students’ sociocultural
resources for leaming. Many of Dana’s comments show that she thought that being able

to explain why we see color was something that related to her students’ lives and was
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something they would be interested in leaming. For example, in response to the
question that asked if students would find the experiences provided in the curriculum
materials interesting and relevant, Dana said, “Light is something that my students deal
with on a daily basis and they will be interested to understand how it interacts with
various materials and how it allows us to see”. Later, she said, “This concept is very
relevant and interesting. Students should walk away from this unit thinking about light
and color of objects frequently throughout their day” (Dana Curriculum Materials
Analysis Assignment, 2/27/2007).

Dana'’s curriculum materials analysis shows that she thought that the topic of
seeing color would be something her students should be interested in learning about, but
that she was concerned with how well the materials supported students in changing their
misconceptions. Dana planned to improve on the curriculum materials by providing
students with hands-on explorations of phenomena and opportunities to talk about their
ideas with one another. In this way, she hoped to help students change their ideas about

why we see color.

Planned Instructional Approach

Table 4.1 shows Dana’s planned Instructional approach. Dana used the I-AIM
activity functions in the descriptions of her plans. In my analysis of her plans, | assigned
my own activity function to each of her activities and then compared my assigned
functions with the functions Dana assigned. The functions that Dana assigned to each

activity matched the functions that | assigned.
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Table 4.1

Dana'’s planned instructional approach

Revising explanations of
why we see colored
objects

Apply (purple)

Activity = I-AIM stage Activity function
number Activity label (color code) (color code)
g R Establish a question
1 Exploring a mirror Engage (yellow) Titiorlom
2 Sharing ideas Engage (yellow)
Investigating a system:
3 Understanding how Explore & Investigate Explore phenomena
% (green) (sea green)
objects are seen
4 Testing the designs Explore & Investigate Explore phenomena
(green) (sea green)
5 Forming a rule Explore & Investigate Explore phenomena
(green) (sea green)
= Students explain patterns
6 Explaining the rule Explain (blue) (dark blue)
7 Testing the illumination Explore & Investigate Explore phenomena
theory (green) (sea green)
8 :n?:::;gv::;ﬁ f:;og‘ﬁ;:'g"“ Explore & Investigate Explore phenomena
the object theory {grean) {368 groon)
9 Testing the light is Explore & Investigate Explore phenomena
reflected theory (green) (sea green)
Introduce scientific ideas
10 Inventing the idea of light Explain (blue) light blue
absorption and reflection P Compare to & revise

student ideas (sky blue)

Practice with support
(model & coach) (violet

Dana planned to begin her unit with students using a flashlight and a mirror to

examine the phenomenon of reflection (Activity 1 Exploring a Mirror) and then sharing

their explanations for how light is reflected (Activity 2 Share Ideas). She then planned to

have students investigate what they would see when they placed tissue paper of

different colors over a flashlight and shined the light on objects of various colors (Activity

3 Investigating a System). Dana explained the pattern she wanted the students to see

from this activity.

| wanted them to be able to see that if they were given a light, the objects

would appear the color that we see them everyday. If they were given a
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color of light that wasn't the color of the object, that the object was

supposed to be black, and that we weren't supposed to see it as the color

that we see it. (Dana Interview 4/9/2007)

At this point, Dana planned to ask the students for their ideas to explain this
pattern (Activity 6 Explaining the Rule). She anticipated two common naive conceptions
that the students might have and planned activities that would challenge these ideas.
First, she planned to test the idea that an object is the color of the light that shines on it.
She planned to have students shine blue light on red objects to find out if the objects
looked blue under the blue light (Activity 7 Testing the lllumination Theory). The second
idea she wanted to test was the idea that the color of the object mixes with the color of
the light shining on the object. She planned to test this idea by again shining a blue light
on a red object to show that the object does not look purple, as would be predicted by
the students’ explanation (Activity 8 Testing Mixing Theory).

Having tested common student ideas, Dana planned to introduce the idea that an
object reflects the color of light that we see and have students revise their own
explanations based on this new scientific information (Activity 10). Finally, she planned
to have students apply this new idea to explain the color that is seen when a white light
shines on a red object, a red light shines on a red object, and a red light shines on a
green object (Activity 11).

This planned instructional approach addressed the two weaknesses Dana noted
in her analysis of the curriculum materials. Throughout the unit she planned to engage
students in hands-on explorations of phenomena. Furthermore, she planned to test
specific common naive ideas to help students recognize why their ideas do not
satisfactorily explain how we see color. Second, throughout the unit, she planned to
have students sharing ideas, talking about how their ideas matched their experiences,

and revising their ideas in small group and whole class discussions.
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Dana’s planned instructional approach also reflects strategic sequencing of the
activities to fit I-AIM. She planned to begin the unit by establishing a question (light
yellow) and then elicit student ideas about the question (dark yellow). While the question
she planned to establish did not frame the whole unit because it was about reflection
and not about color, it did establish a question for the initial activity using mirrors and
flashlights. She planned to follow with opportunities for students to explore and
investigate phenomena (green), thus placing the experiences before the explanations
(blue), as intended by I-AIM. She also planned, in Activity 5 (Forming a Rule), to have
students notice the key pattern that an object placed under a light of a color different
from the color of the object appears black. In Activity 6 (Explaining the Rule), Dana
planned to have students offer their own explanations for the pattern. Activities 7-9
would provide students with opportunities to test their own ideas (Explore & Investigate —
green color). Dana ended the whole sequence with an opportunity for students to apply

their new knowledge to explain new situations (purple).

Comparison to the Example Electricity Instructional Approach

In looking at the Dana’s planned instructional approach, | thought that her
activities and the sequence of activities seemed familiar. | compared Dana’s planned
instructional approach to an example instructional approach about electricity that Dr.
Adams used as an example to introduce I-AIM to the interns. | color-coded the electricity
instructional approach using the I-AIM colors. Table 4.2 shows the electricity

instructional approach.
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Table 4.2
Dr. Adams’ example instructional approach for an electricity unit

Activity = I-AIM stage Activity function
number Activity labal (color code) (color code)
1 Exploring a Flashlight Engage (yellow) is';"b I':IT oe\l"queshon
2 Sharing ideas Engage (yellow)
Investigating a simpler e Baticats T i
3 system: Designing a s s 7 s 3

hookup to light a bulb

4 Testing the designs plore & Investigate plore phenomena

plore & estigate plore pheno a

5 Forming a rule
gree a gre
6 Explaining the rule plain (blue . ". _' plain pa
7 Testing the more plore & estigate plore phenomena
electricity theory e e

Testing the positive and

8 . 4
negative electricity theory gre
9 Testing the complete path estigate plore phenomena
theory gree ea gree
Introduce scientific ideas
10 Inventing the idea of a L blue light blue|
"Complete circuit" ¥ Compare to & revise
student ideas blue
1 Revising explanations of Al (ol Practice ppo
how a flashlight works odel & coa ole
Constructing a class book et E
12 about how a flashlight Apply (purple o s
works 2

The comparison of Dana'’s planned instructional approach with the example
electricity instructional approach shows dramatic similarities. Dana'’s plan followed the
same sequence as the electricity unit. The activity labels were the same, the activity
descriptions were nearly identical, and the activity functions were described in the same
words. The only difference was that Dana used words referring to light in place of the
words referring to electricity. Table 4.3 shows examples of similarities between Dana's
light and color instructional approach and the electricity instructional approach. Similar

wording is underlined.




Table 4.3

Comparison of light & color and electricity instructional approaches

Activity Instructional
:::::lber & sequence Activity description Activity function

Students examine a flashlight, W
1) taking it apart and observing its “I-Iow—doef?ami—h,ts
Exploringa | Electricity parts. They construct a first draft work?” and el c?ts
flashlight explanation of how they think the MRS

- student'’s initial ideas

flashlight works. about it

Students examine a mirror, by Establishes a problem
(W) . using a flashlight to reflect light off for the sequence,
Exploring a ) of it. They construct a first draft “How is light
mirror Light & color | explanation of how they think a reflected?”_and elicits

mirror works or in other words how | student’s initial ideas

light is reflected. about it.

The students report the hookups

that worked and those that did not

as the teacher records them on a .

chart or overhead transparency. WMth o
(5) Forming . They then construct a rule for how bulb and which go not
arule Electricity the battery and bulb must be i '

connected to light the bulb. They :)ebco—";filo ns

check the rule to be sure it covers gobservalions.

all of the hook ups that worked and

did not work.

The students report their results as

the teacher records them. They

then construct a rule for how the Look for patterns in
(5) Forming . color of light affects the light color and color of
a rule Light & color | appearance of the object being objects. Record

viewed. They check the rule to be observations.

sure that it covers all of the

situations that were experienced.

Another theory is that the bulb
(8) Testing needs both positive and negative —E—L—-—Q‘Exi nlorgmr:‘r&ogset?n
the positive electricity to light. This is tested by t_r\L_g____gi deas/hvpotheses
and . connecting the positive contact of __—!L—about electrical flow
negative Electricity one battery to one contact of the Develooin :
electricity bulb and the negative contact of a ——Lgcoen g usions from
theory second battery to the other evidence.

contact. This does not work either. | =————
(8) Testing One theory often expressed is that %%%%m
the color of when a colored light illuminates a ideas/hypotheses
light mixing colored object, the color of the light _lg—about how colored
with the Light & color | Mixes with the color of the object. obiects are seen
color of the This is tested by shining blue light Dej velopin )
object on a red objects. This does not ms%a]gs from
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While the similarities are striking, | do not think that this is a case of an intern
simply copying the instructor's example. Translating activities and strategic functions
from an electricity unit into a light and color unit in a way that represents the scientific
concepts accurately and maintains the intentions of the activity functions required careful
thought. For example, Dana had to understand what patterns she wanted her students
to recognize in order to develop Activities 5 and 6, she had to recognize the possible
naive conceptions that students might bring to leaming about light and color in order to
develop Activities 7 and 8, and she had to have the explanations she wanted the
students to learn in order to develop Activities 9-11. Furthermore, she had to grasp how
the activities in the electricity unit were designed to function together in order to create
light and color activities that fit the same functions. Nevertheless, the striking similarities
suggest that Dana was using the electricity sequence as a template for designing her
unit, something that no other intern in the course did when planning their instructional
approaches. | will discuss the implications of this similarity later in this chapter.

In summary of her planning, Dana was assigned to teach about light to her 6™-
grade students. While she was responsible for teaching all of the topics about light
assigned to the 6th grade curriculum, she focused her planning and teaching for the
science methods course on the topic of light and color. She analyzed the textbook
adopted by the school district for the middle grades and decided that it did not provide
the support she thought was necessary to help students change their misconceptions
about light and color. She intended in her unit to provide students with more hands-on
experiences with phenomena and more opportunities to share their ideas with each
other. She used Dr. Adams’ example electricity instructional approach as a template for
planning her own instructional approach. In doing so, she used her understanding of

students’ common naive conceptions and her understanding of the science content for

66



light and color to translate the electricity example instructional approach into an

instructional approach for light and color.

Enacting the Light and Color Sequence

Dana took over the responsibility of teaching science in February, 2007.
However, she did not enact her planned instructional approach until March. Prior to
beginning her unit on light and color, Dana taught several other lessons on light that
were not included in her planned instructional approach. In this section, | will describe
Dana’s enacted activity sequence, including the activities that she enacted prior to
beginning her planned unit. | will then use the analysis framework to examine how well
Dana’s enacted activity sequence fit the I-AIM and CA&P functions.

Table 4.4 shows Dana'’s enacted activity sequence, including the pre-unit
activities, identified as activities P1-P6. Many of the activities Dana planned in her
planned instructional approach are present, and for the most part, the order of the
activities in the plans and enactment are the same. The enacted sequence includes
more activities than the planned instructional approach, but this situation is probably a
function of the difference between my identification of activities in my observations of
Dana’s enactment and Dana’s own identification of activities in her plans. In other words,
| often dissected activities that Dana identified as one activity in her plans into two or

more activities from her enactment.
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Table 4.4
Dana’s enacted activity sequence

Activity Ry I-AIM stage Activity function
number Activity label (color code) (color code)
R Introduce scientific ideas
P1 White Light Explain (blue) light blue
P2 E\/ave'_s Activity Explain (blue) lntroduce scientific ideas
irections
P3 Sheet Waves Station Explain (blue) Intrcduce scientific deas

Introduce scientific ideas
li

P4 Spring Waves Station Explain (blue)

Introduce scientific ideas
light blue;

Introduce scientific ideas
light blue

PS5 Pencil Waves Station Explain (blue)

P6 Speed of Waves Station ESTGIERE(INE)]

1 Writing about Light Engage (yellow)

Explore phenomena

Explore & Investigate (sea green)
2 Exploring a Mirror (green) Explore student ideas
3 Sharing - What is Explore & Investigate
reflection? (green)
4 Sharing - What things Explore & Investigate
reflect light? (green)

ig
Explore & Investigate Explore phenomena
(green) (sea green)
Explore & Investigate Explore phenomena
6 Colored Lights (green) (sea green)

3 Explore & Investigate Explore student ideas
7 Sharing Results (green) light green

Develop student

5 Predicting Colors

8 Forming Explanations Explain (blue) explanations (dark blue)

9 Sharing Explanations Explain (blue) E:;zf;;'::?d";rk i)

10 Testing Theories: Explore & Investigate Explore phenomena
Shining light (green) (sea green)

1 Testing Theories: Explore & Investigate
Shining light (green) light green

Explore & Investigate Explore phenomena
(green) (sea green)

Explore & Investigate Explore student ideas
(green) ghtg

12 Testing Theories: Mixing

13 Testing Theories: Mixing

Explaining White Light

14 and Reflection Explain (blue)

Practice with supporl
(model & coach) (violet)
Practice with fading
support (lavender)

15 Red Strawberry Apply (Purple)

16 Green Pepper Apply (Purple)
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Pre-Unit Activities

Dana enacted at least two lessons prior to beginning her planned instructional
sequence. One lesson was on white light (Activity P1 White Light) and the other lesson
was on waves (Activities P2-P6). These lessons provided insight into Dana’s vision of
science teaching unstructured by the requirements of a science methods course or the I-
AIM and CA&P tools.

White Light. Dana taught a lesson on the nature of white light. | did not observe
this lesson, but Dana explained, “We talked about it and | drew a picture on the board, |
think, of all of the colors being in white light” (Dana Interview, 4/21/2007). Students had a
diagram that they hand colored showing the order of the colors of the spectrum. Dana
also taught the standard mnemonic for remembering the order of the colors. Dana drew
on this lesson later in her enactment of her planned instructional approach. At one point,
when she was explaining to the students why we see color (Activity 14 Explaining White
Light and Reflection), she reminded the students of the order of colors in the visible
spectrum. “And how do we remember the colors in white light? Who is the person that
we remember? What is that guy’s name?” The students answered, “Roy G Biv" for
ROYGBIV - Red, Orange, Yellow, Green, Blue, Indigo, Violet. (Dana Teaching Video
Transcript, 3/12/2007)

Waves. Dana also taught a lesson on the nature of waves. | observed Dana
teaching one day of this lesson. Dana introduced the lesson very briefly by telling the
students, “We’re going to be working on a science lab station thing... Everyone should
have their lab packets. | am going to walk us through each station real quick so we can
understand what we need to do.” (Dana Teaching Video Transcript, 2/22/07) Dana made
no reference to any previous activities, lessons, or content that they were currently
studying. Furthermore, she made no presentation of the purpose for the day’s lesson or

a description of what they were studying (i.e. properties of waves). However, there was a
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sentence printed in capital letters at the bottom of three of the four pages of the students
lab packets that said “REMINDER: USE YOUR VOCABULARY BOOKLET OR
TEXTBOOK IF YOU ARE NOT SURE WHAT THE TERMS MEAN", suggesting that
there had been some previous lesson or activity related to entering definitions into a
vocabulary booklet.

Dana described the four stations the students would be visiting during the hour.
Each station was also listed in the lab packet with directions and questions to answer. |
have described the stations here. The names of the stations are the names that Dana
assigned.

o Sheet Wave - Students used a large bed sheet to create waves of different
amplitudes and were directed to determine which waves required the
greatest energy to create.

e Springy Wave - Students used large plastic slinky toys to create waves of
different amplitude and frequency. Students were asked what happens to the
wavelength of the waves when the frequency is increased.

e Pencil Wave - Students were provided with a drawing of a wave and asked
to determine its wavelength and amplitude.

e Wave Speed - Students measured the length of time for a compression
wave to travel down the length of a slinky toy stretched out on the floor and
then determined the speed of the wave.

Dana assigned the students to groups and then had the groups rotate through
the stations. Dana floated from group to group, asking students questions about what
they were doing and what they were finding. For example, when visiting a group at the
Springy Wave station, Dana had the following conversation with the students (all names

are pseudonyms).
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Dana: Frequency. What is frequency?

(Students don’t answer.)

Dana: You have to know your vocabulary. Frequency. Teddy is
researching it.

(Teddy looks up the definition of “frequency” in the textbook).

Dana: What did you find out?

Teddy: It is the number of waves in a certain amount of time

Dana: It is the number of waves in a certain amount of time. So if you
are making your waves like this (Dana gets down on her knees to
demonstrate a wave with the slinky toy), then it says what is the
amplitude? What's the amplitude?

Students: Uninterpretable

Dana: Right, high or low. So it is going to be how high? So the
question is what do you have to do to increase the amplitude? What
did you have to do? You were making this wave, then what did you

have to do?

Dana leaves the group and moves onto a new group.

(Dana Teaching Video Transcript, 2/22/07)

At the close of the lesson, Dana collected the slinky toys and the bed sheet and

asked the students to put their lab packets away in their desks. She told the students

that they would go over the lab sheets the next day. Immediately, the classroom focus

shifted to the social studies lesson and students took out their textbooks to begin taking

turns reading the assigned pages out loud.

Purpose and function of the pre-unit lessons. These two lessons demonstrate the

tension that Dana negotiated between Melinda’s expectations for covering content and

the Dr. Adams expectations for use of the I-AIM framework for planning. Dana thought of
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these lessons as covering the content included in the list of topics assigned to the sixth-
grade curriculum and not as part of the unit she developed for her science methods
course. Because she did not think of them as part of her unit, she did not feel she had to
meet the requirements or structure imposed by the I-AIM tool. As such, these lessons
represent Dana’s teaching without the influence of the I-AIM model.

Dana’s enactment of the lessons on white light and waves show that she was
attempting to meet her stated goals of changing students’ misconceptions by providing
hands-on experiences with phenomena and providing students with opportunities to
construct understanding through sharing of ideas. She stated that her students did not
usually get many opportunities to engage in hands-on activity and that such activity was
something her students enjoyed.

And they just really loved to be able to touch things, even at sixth grade.

They don't get very many opportunities. So, you know | just really wanted

to give them as many opportunities to actually do science as opposed to

just read science. (Dana Interview, 4/9/2007)

Therefore, she planned a lesson that rotated students through stations that
engaged students with representations of phenomena.

As the above transcript shows, when moving among small groups, Dana often
asked students questions and then left the group before the students came up with an
answer. She explained this teaching move in an interview.

| wanted them to try to discuss as much as they could and | didn't want to

provide them with a whole lot extra. So. But | mean they were still thinking

and willing to share and really were working towards the goal. (Dana

Interview, 4/21/2007)

Dana valued students talking about their ideas. She believed that through talking with

each other students would revise their initial ideas and come to new conclusions.
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Despite Dana’s desire to change students’ misconceptions by engaging students
in hands-on activities and providing them with opportunities to change their ideas by
talking with each other, Dana’s enactment of these activities did not result in many
opportunities for students to engage in sense-making. Dana did not provide a sense of
purpose for these activities. Her use of the textbook to look up definitions was similar to
the math, reading, and social studies lessons that | observed both Dana and Melinda
teach where students had to use their textbooks to find answers to questions on a
worksheet. The activities in the lessons were disconnected from each other and from the
bigger ideas of science. For example, the waves activities were about properties of
waves (i.e. frequency, amplitude), but there was no connection made between these
properties of waves and the wave nature of light. The activities resulted in procedural
display rather than conceptual change (Anderson, 2003).

Although Dana did not consider the activities in these two lessons to be part of
her unit on color, | did include the activities in these two lessons as part of the enacted
activity sequence. In the case of the white light lesson, Dana drew on the activities in the
enactment of her planned instructional approach. In the case of the nature of waves
lesson, Dana stated that the activities provided important information that students
needed to understand before learning about light and color. Even though Dana thought
of the activities in the white light and waves lessons as separate from the unit on color,
her sequencing of these lessons before the activities in her planned instructional
approach showed that she had a purpose for covering these topics prior to enacting the
light and color activities. During the interviews following her teaching, | asked Dana
about the purpose of the waves lesson. She explained,

| just wanted them to understand that light is a wave. They don't really

need to know a lot about waves in depth. But they just need to

understand that. | mean, | just want them to know that light is waves. And
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we didn't really touch that much about if red has a greater wavelength

than violet. We didn't really cover anything that in depth at 6th grade. But |

just wanted them to understand what wave lengths were and what

amplitude was and just some basic understanding of waves before they

started learning about light. (Dana Interview, 4/9/2007)
in Dana’s mind, the activities in these lessons functioned to provide students with
scientific information (light blue) about white light and waves that she thought was
necessary in order for the students to construct explanations for how we see color. Dana
wanted students to draw on the information they learned in these activities when they
engaged in the later activities about light and color. Therefore, the pre-unit activities are

identified in Table 4.4 as Explain stage activities (blue).

Comparison of Dana’s Enacted Activity Sequence to I-AIM

After teaching the pre-unit activities, Dana enacted the activities she had
included in her planned instructional approach similarly to how she had planned them.
She had students use mirrors and flashlights to explore the phenomenon of reflection
(Activities 1 and 2). However, rather than having students use colored tissue paper over
the ends of flashlights to explore the effect of different colored lights on colored objects,
Dana switched to using colored light bulbs. In Activities 5§ and 6 (Predicting Colors and
Colored Lights), Dana had students place a purple plastic flower and a blue plastic lid
under a red light and a white light. She hoped that this activity would show the pattern
that the objects under the red light appeared black. From there, she had students
develop explanations for what they saw (Activities 8 and 9). Then, in activities 10-13,
Dana enacted variations of her planned activities to have students test the idea that the
color of the light shining on an object determines the color of the object (Testing

Theories: Shining Light) and the idea that the colors of the object and the light mix
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(Testing Theories: Mixing). In activity 14, Dana introduced the idea that objects reflect
the color that we see and in activities 15 and 16 (Red Strawberry & Green Pepper),
Dana had students use the new idea to explain how we see colored objects.

In the next sub-sections, | will discuss how well Dana’s enacted activity
sequence, including the pre-unit activities, fit the I-AIM analysis criteria of establishing a
central question, providing experiences before explanations, making pattemns explicit,
providing opportunities for application, and taking account of students’ intellectual and
cultural resources.

Establishing a Central Question. In her learning goals, Dana identified her central
question as “Why do we see colored objects?” (Dana Learning Goals Assignment,
2/7/2007) However, in neither her planed instructional approach nor her enacted activity
sequence did Dana present this question to the students at the beginning of the unit. In
both her plans and her enactment, Dana asked the students, “How is light reflected?”
(Dana Planned Instructional Approach, 2/17/2007). In Activities 1 and 2 of her plans,
Dana had intended to first have students explore the phenomenon of reflection using
mirrors and flashlights, and then elicit student ideas about reflection. In this way, the
activity provided a context for the question and a purpose for answering it. However, in
her enacted activity sequence, Dana inverted the order of these activities. In Activity 1
(Writing about Light), Dana asked the students to write on a piece of paper what they
thought reflection was and to explain how people see. In Activity 2 (Exploring a Mirror),
she provided students with mirrors and a flashlight and asked them to observe what they
noticed about reflection. As a result, the function of the question “How is light reflected?”
shifted from a question used to establish a problem to be investigated to a question that
functioned to elicit students’ initial ideas about a phenomenon they had yet to explore.

Even though Dana did not explicitly establish the question for the unit at the
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