‘A sketch is like a sentence’:  The role of curriculum materials in supporting teachers and helping students learn the representational, communicative, epistemic and conceptual ideas and practices of science

This research reports on a study of curriculum materials development and enactment as well as the enactment of existing materials in an elementary classroom.  The research explored the ways that instructional scaffolds strategically included in curriculum materials supported a teacher and her students learning scientific ideas as well as practices which include: asking questions, collecting data, making descriptions of observations and date using particular representational practices, finding patterns in the data, and the development of scientific reasoning.  Findings suggest that students began to engage in scientific reasoning when the instructional scaffolds were included in materials.  In contrast, when another curriculum material was used, the students did not engage as much scientific reasoning.  Similarly, through experiences with the designed materials, the teacher showed changes in terms of her thinking about the kinds of support that students needed in order to develop understandings and learn to engage in scientific practices.   
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Introduction

Bohr’s often quoted phrase, ‘reduce experience to order’ highlights that learning science is about taking experiences – which are most commonly informal – and inferring patterns or relationships in those experiences – which often involves transformation of informal knowledge into formal statements about the world (quoted in Hawkins, 1990).  Formal knowledge of science is symbolic, socially constructed, and shares tools to represent and communicate ideas (Driver, Asoko, Leach, Mortimer, & Scott, 1994). Thus learning science can be seen as a normative process of enculturation into a community that transforms informal knowledge about phenomena in the world using the modes of reasoning, symbolic tools and representations reflecting the formal knowledge of science. 

 This study specifically examines the role of curriculum materials in supporting teachers and students in elementary classrooms through that normative process.  In particular, the study examines how curriculum materials support reasoning that involves posing and developing theories about phenomena, learning representation and use of symbolic tools that reflect the nature and practice of science, and reforming science teachers’ practice.  Thus, if curriculum materials advise a teacher about the goal and purpose of particular epistemic practices of science, how does this effect the opportunities and outcomes for students to learn about representational practices of science and also to theorize about the phenomena they observe and experience?  Similarly, if science knowledge claims are highlighted and scaffolded in materials, what outcomes are there in terms of classroom enactment and/or teacher learning?  
Relevant Literature

The notion that learning science involves a process of conceptual change (Posner, Strike, Hewson, & Gertzog, 1982; Smith, 1991) has become familiar and a widely used perspective in the research literature.  This growing body of research (Duit, 2006) most often focuses on the cognitive processes of understanding science ideas.  However, research also suggests that children use modes of reasoning that are both consistent and contrary to the reasoning and formal knowledge of science (Driver et al., 1994; Warren, Ballenger, Ogonowski, Rosebery, & Hudicourt-Barnes, 2001).  Furthermore, it is clear that elementary students are just learning about formal modes of reasoning, sense-making, and representation in all school subject matter – not just science.   Since science represents a body of knowledge that has been constructed through agreed practices and approaches, this study builds on the foundational research of conceptual change and situates that in examinations of learning the process and practices of science.  

One approach to addressing the issue of learning science ideas, process, and practices (as well as the assumptions and beliefs of science) follows  prior work about the central role of linking scientific epistemologies to theories and explanations. For example, Sandoval & Reiser (2004) integrated conceptual and epistemic scaffolds in student explanation guides in order to attempt to help students connect theories, practices, and explanations of phenomena.  This study reports a research and development process that attempted to scaffold epistemic practices through specific design of two components of the curriculum materials: the teacher guide and the student reader.  We refer to uses of reasoning, sense-making, representational systems, and symbolic tools, all reflecting the nature and practice of science as epistemic practices and the ideas and explanations of science as science knowledge claims.  Thus the study looks at the ways that epistemic practices and science knowledge claims are scaffolded in curriculum materials for students and teachers and to the outcomes of enactment in classrooms.


Teachers’ conceptions of the nature of science.  Concurrently, teachers often have limited subject matter knowledge (McDermott, 2000; Smith & Neale, 1989) and experience a tension between their beliefs about their role as science teachers and the types of reform based roles requiring a rich understanding of the nature and practice of science and foundational rationales for formal reasoning and sense-making in science (Hayes, 2002).   Finally, if science learning is considered a process of enculturation and that enculturation requires an ‘experienced other’ – in this case someone knowledgeable of the culture, practice, reasoning and ideas of science – (Driver et al., 1994), then teachers are less likely to be ‘experienced others’ in the culture and practice of science.  This adds to the challenge and makes a demand for a means to support these teachers’ enculturation of students into the formalisms of science.  

Research (see Hapgood, Magnusson, & Palincsar, 2004) has described approaches to structuring of materials that support young children learning science.  The structures of these materials include structures to support teachers and students engaging in and learning scientific reasoning.  Furthermore, these can imbed learning of “science process skills” with learning science content in meaningful and productive ways that assist students in developing scientific understandings and abilities to inquire and reason scientifically.  (Hapgood et al., 2004) This study builds on these ideas by testing how materials with such structures are enacted in classrooms as compared with materials lacking such structures.  

Finally, scholars hav begun to think of curriculum as more than tools that teachers use in classrooms.  Davis and Krajcik (2005) argue that curriculum materials can be educative for teachers.  Educative curriculum materials are designed to highlight, model, and support teachers in teaching using effective teaching practices.  Such materials thus become instances of teacher learning (Davis & Krajcik, 2005).  This study focuses on a comparison of materials: one that intends to be educative and one that does not necessarily have this as a goal.  Through such a comparison we hope to test this notion of educative curriculum materials.  
Theoretical Framework

The theoretical framework for this research relies on three interconnected ideas that describe and explain science learning.  These can be described in terms of being a (theoretical) model of learning, a model of science knowledge construction, and an instructional model.  The following sections describe these models briefly to help explain both the theoretical foundations for design (in the case of the motion unit) and also perspectives that guide research and analysis of materials and their enactment. 
Model of Learning


There are two fundamental principles in the model of learning embedded in this research.  To begin with we rely on the theory of conceptual change (Posner et al., 1982; Smith, 1991) which acknowledges that children bring conceptions of the world based on their experiences to science learning.  These conceptions may be incongruous with the ideas of science and interfere with students being able to understand scientific conceptions of phenomena.  Therefore, learners undergo conceptual changes that involve revealing conceptions, being challenged to identify the limitations of those conceptions, and then being introduced to and accepting a new conception (reflecting a scientific perspective).


In addition we rely on the notion that conceptual change is facilitated through cognitive apprenticeships (Collins, Brown, & Newman, 1989)in situated learning(Cobb & Bowers, 1999; Lave & Wenger, 1991).  Learners engaged in a process of conceptual change can realize the limitations of their individual and naïve explanations of the world.  However, they need help negotiating how to use new ideas and ways of thinking (epistemic practices).   Thus the cognitive process of conceptual change relies on theories that explain how such changes occur as a result of engagement in social activity (Vygotsky, 1986).   From this view, to modify or change conceptions learners interact with others in particular contexts around particular ways of thinking about the world.  Both participating in the context and engaging in the way of thinking can be learned through modeling of action, scaffolded performance, and finally practice using those conceptions and ways of thinking.  
Science Model – From Anderson (2003)
In articulating a model of science, it is important to distinguish between different types of science.  Scientists’ science is too complicated to teach in schools, but the typical school science approach to simplifying scientists’ science leaves many students with shallow and fragmented knowledge. The great physicist Niels Bohr wrote something that helps us to consider this issue:

The task of science is both to extend our experience and reduce it to order, and this task represents various aspects, inseparably connected with each other. Only by experience itself do we come to recognize those laws which grant us a comprehensive view of the diversity of phenomena. As our knowledge becomes wider we must always be prepared, therefore, to expect alterations in the points of view best suited for the ordering of our experience. (quoted in Hawkins, 1991, p. 100)
In contrast with the separated facts, definitions, sequences, and diagrams of school science, scientists make sense of the world by finding connections among experiences, patterns, and explanations. Experiences, patterns, and explanations are our words for describing scientific knowledge. Scientists themselves usually use different words, such as observations, data, generalizations, laws, hypotheses, models, and theories. Beginning with experiences, we know the systems and phenomena of the world through our interactions with the material world. Scientists concentrate on experiences that they call observations or data.  Scientific laws and generalizations are statements about patterns that scientists see in their data. Finding patterns is an essential scientific practice, a key step in Bohr’s “reducing our experience to order.” Finally, scientific models and theories are designed to explain patterns in experience.  (Anderson, 2003)
Instructional Model


Finally, the research is framed on an instructional model that draws on conceptual change theory (Smith, 1991) to generate a practical pedagogy.  Within this instructional model the assumption is that to accomplish conceptual change teachers engage in a range of practices including: eliciting students’ ideas, challenging those ideas and introducing alternate ideas. (Smith, 1991) As a result of this, the research can evaluate materials based on including activities having strategic functions aligned with one of the pedagogical practices.  Furthermore, we can examine instruction and/or enactment of materials based on identified strategic functions to assess the effectiveness of that activity at accomplishing the intended strategic function.  
Methodology

This research followed a comparative case study approach (Yin, 2002), using grounded theory (Glaser & Strauss, 1967) to develop coding schemes and conduct analyses.  There were three foci of analyses: curriculum materials, observations and analyses of curriculum material enactments, and cross case comparison for the enactment of the two different materials. Two researchers developed coding schemes and conducted the primary analyses and the third researcher served to validate findings. 


Two sets of curriculum materials were analyzed.  One material was designed (as part of an on-going curriculum research and development project) to support learning to describe the motion of objects using particular epistemic practices.  This material will be referred to as the Motion Unit. The second material was a research-based publicly available material about the structure and function of plant parts. This material will be referred to as the Plants Unit. Primarily analysis of each material followed an activity function analysis and selected use of Project 2061 Criteria for Evaluating Quality of Instructional Support (Kesidou & Roseman, 2003). In particular, analysis paid attention to the science knowledge and epistemic practices included in the materials.  

Next researchers observed and analyzed enactments of both materials’ use in one third grade elementary classroom.  Video recorded lessons were selected and analyzed to identify and describe the on-going activity in the classroom to derive a sense of the psychological time and space of the classroom (Edlesky, 1993; Heath, 1983; Shultz, Florio, & Erickson, 1982) as well as what opportunities there were for students to learn both science knowledge claims and epistemic practices,  the changes to the instructional approach the teacher made during enactment, and the reasoning that students engaged in through their discourse.  
Finally the two curriculum material enactments were compared for features identified in materials analyses and for findings from the discourse analysis of enactments.  Based on these findings patterns were identified in terms of the kinds of language, structure, and explicitness found in curriculum materials and the outcomes that these things had for classroom enactment. 
Findings

The following findings are organized according to the materials; first are findings from the materials and enactment based on the Motion Unit, and then the same for the Plants Unit.  For each unit, two questions organize the findings.  First, what was in the materials?   Second, what happened during the use of the materials?  After these findings are reported, general patterns comparing the two units based on the two materials are reported.

Findings from the Motion Unit
What is in the motion materials?


The materials specify an interconnected set of learning objectives organized around three themes.  These themes include learning scientific ideas, learning epistemic practices of science, and developing understandings of the social nature of the development of science knowledge.  While these themes, as distilled from the materials, seem abstract and impractical for classroom use, the outcome is that the materials present an interconnected set of seven learning objectives that drive the lessons and activities in the teacher and student materials.  Furthermore, the activities are clearly connected to these learning objectives.  Ultimately the materials attempt to teach students science ideas, explicitly explain to students the nature of science and scaffold learning epistemic practices consistent with the nature of science, and help understand how scientists work together by sharing and comparing ideas.  


There were two focal science ideas in the lessons analyzed from the Motion Unit.  First, motion of an object is described in terms of the object’s speed and direction of movement relative to other objects.  In addition, the changes in the motion of an object are the result of forces applied to the object.  All but one of the lessons analyzed addressed the first idea.  The second idea was only addressed in two of the lessons.  However, there were other lessons in the unit that focused on this idea.  

Looking specifically at the epistemic practices included in the materials, there is a relatively even distribution of different practices across the materials analyzed. Asking questions account for 11 of 78 citations (14%).  However, we while asking questions is a fundamental and important epistemic practice of science, it probably is reasonable to have fewer citations since those questions ostensibly drive extended inquiries.   One practice used to answer questions includes observation and description of phenomena; which accounted for 28 out of 78 citations (36%).  Once observations are made and descriptions are gathered, the information must be interpreted analyzed.  Epistemic practices included in the materials that relate to gathering, analyzing, and interpreting data account for 22 of 78 citations (28%).  In addition, the materials explicitly scaffold students reporting findings in 11 of 68 citations (14%).  The remaining citations included investigating (4 citations), imagination (1 citation), and developing theories (1 citation).  All of these things are important epistemic practices, but did not fit neatly into one of the above categories.  Furthermore it is important to note that each of these epistemic practices was explicitly included in the materials.  

The lessons also focused on developing students’ abilities to engage in epistemic practices of science (often referred to as process skills – though we argue that this is more complex than development of a skill) and understanding the nature of science.  Students were both scaffolded in using epistemic practices and also explicitly informed about how those practices represented scientific activity.  For example, the materials specified that students should sketch the motion of an object, including the path, direction of motion, and a representation of speed (see activity 11, teacher guide page 24).  Furthermore, the same lesson explained to students why making sketches like this was scientific, engaged students in sharing their sketches with one another, and provided a purpose for sharing and comparing their ideas.  


Activity function analysis and analysis of activity by objectives shows that all the specified objectives are met in the lessons and materials provided for teacher and student.  In the reviewed materials, the most common objective met had to do with describing the motion of objects, appearing in all seven lessons.  In addition, sharing and comparing ideas appeared in six out of seven lessons.  Furthermore learning about the role of questioning was explicitly and implicitly addressed in five of the seven lessons. Finally, the role of evidence in answering questions, including objectives about making records and then reflecting on those records, was included in all seven lessons. 


One issue that stands out in the materials is the explicit teaching about the nature of science.  Readings for students explicitly describe the nature of science to students.  For example students read:

Scientists ask a lot of questions. Having good questions is not easy. One science question is, “What happens?” Another question is, “Why does that happen?” We can ask those questions about motions (Student Reader pg.4).

This information for students introduces students to the idea that science involves asking questions about phenomena in the natural and social world (Rutherford & Ahlgren, 1989).  Furthermore it highlights that a scientific practice involves making descriptions (e.g. “What happens?”) of those phenomena in order to help answer questions.  Situating information and instruction about the nature of science in the context of learning science concepts related to the motion of objects can help students connect the ideas of science with the epistemic practices of science.  

Similarly, students are asked to make records of their observations (generating data), are scaffolded in making records (lessons not included in this analysis) and are asked to share their records with their peers.  The process of communicating ideas to peers is modeled for students in sample student work
 and scaffolded in the students’ activity. Since only one activity involves explanation, there are few chances for students to use evidence to support claims. However each lesson asks students to make records so that they can either remember later what they thought or so that they can share their ideas with others.


In summary, the materials focus on a small set of science ideas, but include epistemic practices and structures for thinking about the role of communications and working with others as scientific activity.  In addition, the materials structure learning experiences to be driven by questions about phenomena.  Furthermore the materials explicitly describe how particular epistemic practices represent scientific activity.  Finally there is a clear connection between each learning objective and the activities that students engage in.   One criticism could be that students are infrequently given explanations of the phenomena from a scientific perspective.  Science ideas are introduced to students, largely through teacher led discussion, but otherwise these ideas are rarely explicitly explained to students.  Students’ primary method of developing understandings of the science ideas are through participation in activities as described in the materials.  

What happened during the use of the motion materials?


The findings from analysis of enactment of the Motion Unit reveal how the materials supported students and the teacher in engaging in epistemic practices of science including the role of questions in scientific reasoning, the kinds of descriptions useful in science, and the process communicating with others to share and compare ideas.  The following findings help elaborate on these generalizations to provide a more comprehensive description of the materials enactment.  


The role of questions and questioning in science was revisited throughout the lessons.  For example, in one lesson, the teacher began by reviewing what had happened in the previous lesson, which established the three features of a science sketch 1) path is indicated 2) arrows show direction 3) objects are labeled.  In this lesson the teacher was instructed to have a student to help her toss a ball while other students observe and sketch the ball’s motion.  Before tossing the ball, the teacher and students read the from the student materials which introduced asking “what” and “why” questions as something that scientists do.  Two particular questions that the reader emphasized were “What happens?” and “Why does that happen?”  The teacher read the reader and asked the students to silently read along.  After reading the reader the teacher emphasized the two types of questions,

What happens?  Why did that happen?  Think about a tossed ball. What happens to the ball? Why does that happen?  So this is one of your first chances to give your ideas using science the way scientists would describe motion in a picture.(March 16, 2005; 8 min 24 sec) 

After observing the ball toss, the teacher reminded students of the questions.  “Now, as we look and observe… now we come to the questions.  Because it tells us how scientists ask important questions.(March 16, 2005; 9 min 54 sec)”  Once the students had observed and sketched the motion of the ball, the teacher, as instructed in the materials, reminded students that there were questions driving their investigation.  She said,   “This is the part that’s important.  Who would like to read what it says on that page?”   A student read, “Why did the ball move the way it did?  Write an answer to this question.”  Then the teacher asked the whole class, “Why did the ball move the way it did?” The teacher then directed the students to write their ideas down.  

As this lesson continued, the next activity engaged students in describing motions from their personal experiences and sharing these descriptions with their peers.  As the teacher transitioned from the prior activity that introduced “what” and “why” questions, she said, 
Ok, I’d like you to change your thinking for just a minute and put your notebooks in front of you […] There will be a time very soon when you’ll be sharing your sketches with the other classmates.  Your sketches again can help your classmates understand motion, and you can learn from their motions, so in other words you can help each other. (March 14, 2005; 24 min 09 sec)
Teacher modification of the materials, retained the focus on making good descriptions, and also introduced the idea of sharing example motions.  The teacher’s modification added a sense of purpose, “You can help each other just like scientists use drawings and sketches and their good ideas they write down you can share and use your good ideas (March 14, 2005; 25 min 34 sec).” While this was not part of the lesson plan, the teacher established a purpose for why scientists make the sketches; so that they can communicate using sketches as descriptions, and situated this as scientific activity. 

As the teacher circulated around the room, she checked on individual students’ descriptions.  Throughout this time the teacher interacted with students to focus the students on description.  She said things like, “Remember those three things a good sketch has, it’s the motion we’re looking for not the stuff.”   As the teacher concluded this lesson, she made sure that students focused on making descriptions.  She said, 

Before we leave science today, I need to give you an idea of what we may be doing with our sketches, when we come back together [pause] At this time I want you to look at your sketch and make sure that you’ve put everything on there that you would want someone to see.  In other words would they know what the motion is?  If your motion is clear, then I want you to close your notebook quietly.  (March 14, 2005; 35 min 32 sec)

Thus the teacher, following scaffolding from the materials, clarified the kinds of descriptions the students were expected to produce and gave the students a sense purpose for creating these descriptions.    


During another lesson the teacher wanted to clarify the characteristics of a good sketch.  While clarifying this, the teacher and students reveal deeper understandings of the function of sketches:

Student – It helps…it like, it’s kind of like a sentence 

Teacher  – But what helps us?  

[…]

Austin – A sketch is like how you can tell more details like it’s a sentence kind of (March 16, 2005; 5min 05 sec).

The teacher continued the lesson, referring students to the question on notebook page 5, and reinforced what was meant by an experienced motion. To assist students, the teacher described a number of experiences to sketch, and reminded the students again of what they will be doing.  

 The activity intended two instructional purposes: finding patterns in descriptions and communicating ideas (within the purpose of communicating ideas there was an implicit purpose of collecting multiple observations of phenomena to identify patterns). The preceding findings describe outcomes of the instructional purpose of communicating ideas.  Now we would like to examine how the materials were designed to support pattern findings and what happened when those plans were enacted.  

The students analyzed their sketched descriptions of experienced motions to recognize similarities in their experienced motions and then create groups of motions that had similar paths.  The sample student work
  offered some sample groups of motion: straight up and down, straight sideways, straight at an angle, curved in a circle, curved but not in a circle, and back and forth.  Prior to the lesson, students had already shared and grouped their motions.  In this lesson, the teacher was trying to have the class create labels for the groups.  Furthermore, it is important to note that the teacher and students used hand gestures to further describe each sketched motion.   

 
The lesson began with a review about varieties of motion; attempting to generate groups.  The teacher asked the class, “What do all those motions have in common?”  She directed the student’s attention to one student who is demonstrating a type of motion that looked like an Arch and engaged the students in a discussion about how to create groups of different motions.  This served a purpose of grouping motions that followed a similar pattern (e.g. straight up and down, curved, straight horizontal, etc.).  Grouping motions this way turned out to be a significant challenge for students.  The students struggled to see things in common with different motions and had difficulties in developing perspective (depending on your view of the motion, it might look straight when in actuality the motion is curved).  Furthermore, the students focused on the agent of the motion (the person throwing a ball) rather than the motion itself (the path the ball went).


Once motions were grouped, the class then decided how to label the groups.  The teacher explained to students that the class was going to look at the groups to see what was common and use that to create labels.  This process of creating labels reflects further descriptive and analytic activity of science in using descriptions to create classifications. Through this activity, students and the teacher are engaged in epistemic practices of science by organizing descriptions of phenomena, based on observable characteristics, and creating classifications using those characteristics.  The materials explicitly and implicitly supported these practices.
Summary of findings from the motion unit


The materials included relatively few learning objectives for students, but ones that integrated science knowledge, epistemic practices, and statements of performance that students were to be able to complete based on the activities described in the materials.  Furthermore, the materials directly connected these learning objectives with activities and provided modeled and scaffolded support for success with the learning goals.  As a result it is not surprising that in the enactment of the materials, the teacher engaged students in performance and reasoning that would support their learning the science ideas and epistemic practices intended in the materials.  Furthermore, the teacher’s modifications can be seen as amplifying the intent of the materials.  
Findings from the Plants Unit

What is in the materials?

The materials specify a number of learning objectives around two themes that are usually treated distinctly.  The themes involve learning science ideas and learning science process skills.  This leads to a set of eight specified learning objectives and also includes four additional implicit learning objectives.  The main science idea of the lessons analyzed was naming and knowing the functions of plant parts.  In addition, the materials specify that students will learn about the needs of living things (specifically plants), that plants produce food energy, and about the interdependence of living things.  To learn these ideas, the lessons involve students in dissection, observation, and description of plants and plant parts, as well as reading about functions of plant parts and limited investigations of the effects of different factors (such as light).  All of these activities intend to help students learn about the functions of plant parts.  

In terms of epistemic practices of science, each lesson includes statements of science process skills including: collecting data, communicating, describing, observing, and predicting.   The majority of the statements and/or scaffolding in the materials focused on observation and description, accounting for 30 of the 95 citations (32%) of practices in the materials.  From our perspective, observation and description fit into an epistemic practice of collecting data. Collecting data also includes things like ‘dissect’, ‘identify’, and ‘explore’ making the epistemic practice of collecting data total 55 of the 90 citations (61%) of practices in the analyzed materials.  The remaining citations focus on interpretation of data and reporting findings.  Some epistemic practices were disproportionately represented including: asking scientific questions (3 citations – 3%), designing investigations (1 citation – 1 %), and drawing conclusions (no citations).  Additionally, an interesting instance involved students in reflecting on new knowledge by comparing what they know with what they found from an investigation.  Engaging in this epistemic practice could be similar to drawing conclusions, however, this occurred infrequently.  Thus the most common epistemic practice involved observing and collecting data.  However this epistemic practice was neither explicitly included in lessons nor were teachers and students offered scaffolding to support learning how to do this effectively in science.  

The materials did not often explicitly identify epistemic practices of science as being foundational or important in the development of science knowledge or understandings.  For example, the materials indicated that students were learning science process skills, but did not explain to students or teachers how these processes were fundamental to scientific activity.   More specifically, students were asked make observations or draw or represent a plant part, but were not helped to understand why observation is important in science or how a representation might be used to communicate ideas.  Thus, while some practices were explicitly identified in teacher materials, clarifying or explaining how the practice was fundamentally scientific was not included.  Furthermore, it isn’t surprising that when specific practices were mentioned, there was no explanation about the purpose for those practices nor were students given reasons or purposes for why they might want to engage in those practices.  

An interesting finding in the materials was a structure in the lessons that asked students to think about “what question we are asking (e.g. pg. 45)?”  Having this question embedded in teacher and student materials offers scaffolding that could engage students in an epistemic practice of having questions drive scientific inquiries.  This implict introduction of epistemic practices in the materials recurs in the materials.  However, there is never an explicit explanation of how questioning is a scientific activity nor is there scaffolding to encourage deeper student questions.  Thus, it seems more like a rhetorical question and less of particular concepts students should learn through the materials.  
Similarly, students are asked to use evidence to support their claims, occurring 5 times in the analyzed materials.  For example, in Lesson 3 on page 35, the students examine bean seeds and to attempt to dissect the beans.  According to the procedures, students are given a dry bean seed to dissect.  Next students are given a bean seed that has been soaked in water.  After students dissect this seed and identify the different parts of the seed, students are asked about the function of the seed coat and the requirements that a seed needs to grow.  Finally, students are asked to report the evidence that they have supports their ideas. However, from the procedures in this lesson, students have limited sources of evidence. Previous lessons involve students in planting seeds and making observations of planted seeds.  Thus, beyond their personal experiences, students have two sources of evidence: their experiences planting seeds and dissecting seeds.   Furthermore, only one source of evidence, the seed dissection, involves comparing two conditions.  Thus, while the material asks students to use evidence to support claims that they would make, the lessons and activities described in the materials offer students few opportunities to collect evidence to support claims.  

In summary the findings from the materials analysis are that the materials focus on scientific ideas and helping students learn those ideas.  Furthermore, instances of describing the Nature of Science, Inquiry, or helping students develop understandings of and abilities to engage in the epistemic practices of science were not explicitly included in these materials.  The materials include many experiences with phenomena, clear explanations of concepts for teachers, and a variety of possible ways to engage students with the phenomena.  However, given that the lessons comprise of a series of activities, lacking a clear purpose or scientific problem, the experiences with phenomena largely serve to demonstrate the ideas that the materials intend to convey. As a result, the activities, while including many hand-on components largely serve the function of knowledge delivery of final form science.  This does not lead to understanding the epistemology of science and conveys a knowledge consumption model of science rather than science as knowledge production about phenomena in the world.  

What happened during the use of the materials?


The analysis of teaching guided by the plants materials revealed some interesting findings in terms of curriculum enactment.  Findings reported here focus on the role of explicit scaffolding and support of students learning epistemic practices of science.  As described above, few epistemic practices were scaffolded in the materials.  However, the fact that the teacher had previously taught using the motion materials, that attempted to do this, gave her some ideas about helping students learn the epistemic practices of science.  The outcome in the enactment was that the teacher struggled to help students learn scientific ideas included in the material and learn the epistemic practices of science.


In one lesson (May 17, 2005), the plants materials asked students to dissect bean seeds to observe and label the structures in the bean seed.   The material indicates that a key question is, “what is inside a seed (pg. 33)?”  However this question is not included in the student materials or in the teacher procedures for the activity.  The material outlines a sequence involving dissection, observation, and labeling seed parts, students answer questions, then a teacher led discussion to clarify the names of structures, and finally students are asked to write a journal entry that requires application the ideas included in the lessons.  

When the teacher enacted the lesson, she initially diverged from the materials by focusing on a question some students were asking based on observations of plants growing in the classroom.   The teacher shared with the class that some students had wondered, ‘why are some of the plants growing differently?’  She asked the class to brainstorm ideas about what might cause the plants to grow differently and asked them to think about how they might know if these ideas were affecting the plant growth.  This instructional modification by the teacher raised a student question, one that was not specified in the plants materials.  The discussion resulting from this change engaged students in considering the conditions needed for healthy plant growth and how those conditions relate to the observation that some plants in the classroom were growing differently than others.

When this discussion was complete, the teacher returned to the lesson from the materials, asking the students to recall their experiences dissecting and observing bean seeds.  Following the materials, the teacher asked the students to label the parts of the bean on a diagram in the student workbook.  The lesson concluded having the students write responses to a journal prompt that asked students to describe what would be needed to make pumpkin seeds grow.  Within this enacted lesson it was ambiguous how the question indicated in the materials, the question the class discussed, the task of labeling seed parts, or the journal prompt students wrote about were related in a coherent way.  
In another lesson (May 20, 2005), the concept of conditions needed for plant growth is revisited even though the materials focused on plant structures and functions.  The teacher began a lesson having the students read a journal prompt that describes an incident where two farmers plant different crops.  In the prompt, a storm comes, the crops are affected differently and students consider why this might have happened.  Student journals have drawings of a bean and corn plant, which the teacher asked the students to label the parts.  Then the teacher asked the students to share ideas about why the plants in the story of the farmers were able to weather the storm differently.  By looking at the pictures students could describe different plant structures and then compare those to infer an explanation about why the plants survived differently.  For example, one student suggested that some plants have ‘easy bending stems’. 

Before students had a chance to write about that question, the teacher continued to a second writing prompt which asked students to explain what a is plant to an alien.  The materials ask students to, “write a short paragraph explaining to the alien why his is or is not a plant (pg. 55).”  However, the teacher modified this, asking students to describe or define a plant for the alien.  As the students wrote, the teacher circulated and maintained the focus on describing plants and at one point she told one student, “you need to tell what the plant looks like, not just what they do, but you need to describe it (May 20, 2005; 39 min 40 sec).”  Later, when the students shared their ideas the teacher retained the focus on description.  One student shared her writing that compared the structures of a plant to structures pictured on the alien (as shown in the picture in the student workbook).  The teacher explained to the student that she was supposed to describe the plant, not the alien (May 20, 2005; 47 min 45 sec).  Thus, while the writing prompt in the material focused on explanation, the teacher shifted this to description.  The teacher’s modification maintained a focus on an epistemic practice that was possible.  To explain, as the materials suggest, the students would need more information than had been provided in activities or information described in the materials.  

It is important to note, in terms of this enactment, that this writing prompt was intended to be used after students had looked at plants by removing them from their pots, removing the soil, and examining all the structures of flowering plants.  This would provide a greater set of experiences with plants. This would allow students to compare the structures of plants with their hypothesized structures of aliens.  In this enactment, students had not conducted these investigations.  Rather they only focused on completing the writing prompts based on class discussions and planting seeds.  So from this perspective the teacher’s enactment might be considered problematic in terms of the intent of the materials.  However, an alternate perspective is that the enactment avoided some a pitfall in terms of helping students learn epistemic practices of science.  The teacher focused students on description rather than explanation.  The epistemic practice of explaining in science relies on telling why patterns in experience occur.  This would not be possible in this lesson.
In another lesson (May 25, 2005), the teacher also focused on a writing prompt that asked students to consider “Why might you say ‘thank-you’ to green leaves?”   In the materials this prompt culminated a lesson on plants as producers.  In the lesson described in the materials, students were to read information and then design an investigation of how plants are affected by sunlight and then complete the writing prompt.  However, the teacher did not have enough time to complete all the steps described in the materials, so she chose to focus on the writing prompt.  During the enacted lesson, students shared their knowledge of plant parts that are food and discussed why they liked those parts and when those parts grew.  Then the teacher modeled for students how to write a thank-you note – which was part of the third grade curriculum – and focused on the linguistic structures and the time of year the plant was in bloom.  Ultimately, the enacted lesson missed the conceptual ideas of the material related to thinking about plants as producers.   In addition, it created a problematic issue in terms of learning about the epistemic practices of science since writing letters to anthropomorphized plants is not an epistemic practice of science.  Furthermore, even if the lesson planned an activity involving letter writing to communicate ideas, students did not have adequate experiences, based on the class readings to engage in epistemic practices associated with making claims about plants as producers. Rather this becomes a task of demonstration of acquisition of knowledge.  Thus, an interpretation of the teacher’s modifications is that these changes did not provide students with inaccurate ideas about epistemic practices of science. 
Summary of Findings for the Plants Unit

In summary, the Plants Unit focuses on several science ideas but had few specific epistemic practices explicitly included in the materials.  Throughout the enactment this led to ambiguous activities in which students were to develop understandings of the scientific ideas.  Students were given multiple opportunities to express their ideas and conceptions and occasionally told (or read) scientific conceptions.  However the role of questions in developing science knowledge only occurred once and this was only initiated based on the teacher responding to students and modifying the instructional approach.  Furthermore, students were not asked to generate descriptions of direct observations of phenomena, but instead asked to label drawings of phenomena they had observed (notice that this was very constrained).  There were actually few experiences with relevant phenomena (both described in the materials and enacted in the classroom), but several experiences in which students repeated knowledge they had been told or read.  Finally, nothing in the materials or the enactment helped students understand how the activities they engaged in were consistent with epistemic practices of science. 
Discussion
Consistent with Sandoval and Reiser (2004), epistemic practices of the Motion Unit included explicitly describing aspects of inquiry, examples of the kinds of questions science learners might ask and inquire about, and modeling of methods to generate, observe, represent, and interpret data. The Motion Unit materials emphasized describing a portion of a ball’s path in particular ways focusing on making observations and collecting data, representing observations, and interpreting representations of data.  During the enactment significant classroom time was devoted to learning to observe and generate representations.  However, those epistemic practices were not consistently explicitly connected to the relevant science knowledge nor were there clear purposes for those epistemic practices.  Thus students were learning a cultural tool of science useful in representing ideas, but they did not develop conceptions of how this practice helped them make sense of phenomena in the world.   Furthermore, the differences between everyday and school science give rise to a learning demand that is not trivial (Mortimer, 2003).  
The Plants Unit materials rarely offer specific scaffolding of students learning particular epistemic practices of science. Students are asked to make descriptions and collect data, but the material does not explicitly structure this for the teacher or students.  During the enactment the epistemic practices of collecting data, representing data, and interpreting that data became less prominent in classroom activity.  Classroom activity focused on students’ articulating ideas using epistemic practices probably considered informal in science. Students wrote narrative descriptions, letters, and anthropomorphized notes to plants that did not support developing scientific descriptions, representations, or conceptions.  Students were engaged in some epistemic practices of science, raising questions based on their observations. However, they only raised questions and were not supported in using evidence to answer their questions. Thus, students were not engaged in learning epistemic practices of description and representation of life science phenomena or in using those practices to make sense of phenomena.  

The Motion Unit represents a curriculum designed to blend science knowledge and epistemic practices by having students engage in the process of posing and revising theories.  This process was supported by having students pose and answer ‘what happens’ and ‘why’ questions (Bereiter, 1997).  The notion that patterns exist in object’s motion and science theories or ideas explain those patterns was supported in material by emphasizing a method to represent that pattern.  Students observed a familiar phenomenon, were assisted in the production of a representation of that phenomenon, and then applied their theories and were presented scientific theories to explain patterns in the data.  We see this as contrasting what Duschl (1990) identified as the prevalence of “final form science” in traditional classrooms where knowledge claims of science are often presented as fact without addressing how the knowledge was developed.  Similarly, Schwab (1978) identified including both knowledge and skills as a key aspect of curriculum.  An important aspect of understanding the knowledge of a discipline is to also learn the processes that constructed that knowledge.  The outcome was that the extensive time and energy used to understand the conventions for representing changing speed resulted in less emphasis on reconciling discrepancies between students’ and scientific theories.
The Plants Unit represents a curriculum that focused on science knowledge and engaged students in a number of experiences and activities with that knowledge.  The materials suggest engagement more like “final form science” Duschl (1990) described, with a heavy emphasis on engagement in activity that demonstrates scientific ideas.  Students were encouraged to express their ideas about why phenomena occur.  However, the activities that students engaged in did not connect experiences with phenomena, finding patterns in those experiences or developing theories that explain phenomena.  In the enactment, the teacher engaged students in activities in which they expressed their ideas or read scientific ideas.  However students never reconciled which ideas were correct to understand science knowledge, how that knowledge constitutes a science knowledge claim, nor even developed general understandings of the nature and practice of science.

Finally, comparing the enactments of the two materials it is possible to consider how the Motion Unit served as an educative curriculum material (Davis & Krajcik, 2005).  While this represents only one instance of curriculum enactment and keeping in mind that change occurs slowly, an important finding is that we can see effects in teaching practice.  A primary focus in the Motion Unit was thinking about the kinds of descriptions and representations that students should learn as representative of science and also for sense making in science.  The Plants Unit was taught immediately after the Motion Unit. During the enactment, the teacher redesigned data collection procedures and methods for representing data recommended in the materials because she did not feel that the suggestions from the materials were effective. In addition, the teacher also attempted to support students’ questions about plants in classroom activity.  One explanation for these modifications to the instructional approach is that the teacher developed ideas about teaching during The Motion Unit which altered the actions that she took in her subsequent teaching.


Finally there is the issue of the nature of the teacher’s modifications to the instructional approaches specified in the two materials.  It is interesting that in the case of the Motion Unit, the teacher did make some modifications to the activities without changing the instructional approach of the materials.  In contrast the enactment of the plants unit produced teacher modifications that diverged from the instructional approach of the materials.  There is insufficient data to make strong claims for this outcome, but we could speculate that one possible explanation is the structure and content of the materials.  Answering this question could be an important step for future research.  

Conclusions and Implications
These findings show an attempt to put reform practices called for in standards into pedagogic practices of classroom (Anderson, 2001).  The attempt to build the epistemic commitments of the community based on the notion of theory improvement in science supports the emphasis on developing the skills of the classroom community because it establishes a community norm of engaging and challenging student ideas.  A driving motivation throughout the Motion Unit materials was to make visible students’ ideas about the motion of objects (Driver et al., 1994). Furthermore there were attempts to have students use cultural tools of science to engage epistemic commitments of the community in order to reconcile data and theories that explain.  In contrast the Plants Unit only focused on getting students ideas out, but not on the epistemic commitments; and during the enactment we only see continued restatement of ideas without engaging students in reasoning about those ideas.  We see this as support for a) including epistemic commitments in materials and b) the value of this approach in teaching science.  Furhtermore, this study has not looked at the outcomes of these structures and enactments in classrooms for students.  However, we do see that the teacher attempted to clarify and communicate the ways that this was scientific activity.  The implication is that including these things explicitly and overtly in materials does seem to impact enactment.
Unfortunately one problem that occurred in the motion unit was an overwhelming focus on learning the epistemic practices including: representational skills, how to communicate ideas with others, and the role of identifying patterns in observations.  The outcome was that the teacher spent less time identifying, clarifying, and challenging students’ conceptions.  Furhtermore, there were limited opportunities (due to constraints of developing the context and scientific problem, time, school day schedules and holidays, etc.) to present and practice using the scientific ideas (consistent with a cognitive apprenticeship model of learning (Collins et al., 1989)).  This leads to important implications for developing instructional approaches the manage to maintain the benefits of deliberate attention to epistemic practices, while keeping in mind the demands of conceptual change learning in sociocultural contexts.  
Teachers require support in utilizing approaches that empower students to be active learners of science (Hanrahan, 2005).Classrooms have particular participation and discourse structures that often place students in positions to be consumers of knowledge  (Erickson, 1986).  One result of this subordinate position of students in the classroom is that they disengage from the learning process.  One method to address this problem occurs when a teacher shifts his/her role from being the authority figure to a participant in the community.  Students are less likely to disengage themselves from the activities of the lesson when the teacher assumes a more participatory role in the class activity (Malcolm, 1989).  When the focus of attention is the process of building science theories the teacher takes on a new role in the classroom as co-constructor of the theory, rather than a traditional position as an authority that judges the student responses.  Components built in to the Motion Unit materials scaffolded the teacher in readjusting her role as a co-constructor. There were instances where students are engaged with science ideas.  In contrast, the Plants Unit had less support for changing teacher roles.  The outcome is less student engagement with science ideas, but more engagement in activity. Thus while the final results from the Motion Unit (that which we were heavily researching and developing) are not overwhelming, we are encouraged that this design shows promise.  
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� One structure in the materials, “Felicia’s Journal” referred to by the developers as an inquiry narrative, is a mock student science journal included in the materials.  Students read pages from this journal in parallel to a science text and in conjunction with first-hand investigations of phenomena.  This structure is not explicitly described here since it is not the focus of this study.  Similar structures have been described elsewhere by Hapgood, Magnusson, & Sullivan Pallincsar � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>Hapgood</Author><Year>2004</Year><RecNum>263</RecNum><MDL><REFERENCE_TYPE>0</REFERENCE_TYPE><AUTHORS><AUTHOR>Susanna Hapgood</AUTHOR><AUTHOR>Shirley J. Magnusson</AUTHOR><AUTHOR>Annemarie Sullivan Palincsar</AUTHOR></AUTHORS><YEAR>2004</YEAR><TITLE>Teacher, text and experience: A case of young children&apos;s scientific inquiry</TITLE><SECONDARY_TITLE>The Journal of the Learning Sciences</SECONDARY_TITLE><VOLUME>13</VOLUME><NUMBER>4</NUMBER><PAGES>455-505</PAGES></MDL></Cite></EndNote>�(2004)�.


� Anecdotally, one of the researchers casually asked the student about this claim.  The student offered a complex understanding of descriptions, sentences, and sketches, making it clear that he was on track with the intent of the activity    





� The reader will recall from above that this was a structural component of the materials that included a fictionalized student completing related investigations of motion.  
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