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Abstract: The purpose of this study was to identify evidence in student work of teachers’ uptake of

educative features in educative curriculum materials. These are features in curriculum materials designed

with the specific intent of supporting teacher learning and enactment. This study was prompted by previous

work on educative curriculummaterials and the need to determine how teachers’ use of educative curriculum

materials can influence student learning. Student work from two fourth-grade teachers’ enactment of an

electric circuits unit was analyzed for evidence of teachers’ uptake of educative features, which included

characteristics of quality for particular science practices. Findings from the student work revealed that the

teachers usedmany of the supports in the educative curriculummaterials, especially those that could be used

directly with students. The student work also reflected characteristics of high-quality science practices,

which were only supported within the educative features. This study supports and extends other work related

to how teachers’ use of educative curriculum materials may influence student learning and has implications

for supporting teachers’ productive engagement in teaching that supports the integration of science content

and scientific practices, as emphasized in current reform efforts. # 2015 Wiley Periodicals, Inc. J Res Sci

Teach 52: 816–846, 2015
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New understanding of what it means to learn (National Research Council [NRC], 2000) and

what it means to “do” science (e.g., Justi & van Driel, 2005; NRC, 2007; Osborne, Erduran, &

Simon, 2004), among other factors, has led to the current reformof science education in theUnited

States and elsewhere. In the United States, this reform is reflected in A Framework for K-12

ScienceEducation (NRC, 2012) and theNextGeneration Science Standards (NGSS) (NGSSLead

States, 2013) through the integration of science and engineering practices, disciplinary core ideas,

and crosscutting concepts. A similar emphasis is found in other nations’ standards documents

(e.g., Australian Curriculum, Assessment and Reporting Authority [ACARA], 2013; United

Kingdom Department for Education, 2014). The benchmarks do not just represent what a

student should know, but also what they should be able to do. This integrative approach differs
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from previous representations of the goals of science education where the only focus was on

science content or where the science practices were separated from the content knowledge

(Osborne et al., 2004).Worldwide,many experienced teacherswere trainedwith these earlier goal

sets, whichmeans the new focus on integrating content, practices, and crosscutting concepts is not

only new to students, but also new for many in-service teachers. Indeed, supporting teachers

to engage in more ambitious science teaching is a concern gaining attention around the globe

(e.g., Justi&vanDriel, 2006; Simon, Erduran,&Osborne, 2006). For these reasons, it is important

to understand how to help support teachers in integrating content and practices in their science

instruction.

As teachers plan and enact their science instruction, it is important for them to understand

students’ capabilities with science practices and how to support students’ engagement with those

science practices (e.g., McNeill, 2009; McNeill & Krajcik, 2009). Three important science

practices include recording observations, making scientific predictions, and making evidence-

based claims (e.g., Eberbach&Crowley, 2009; Lee&Butler, 2003;McNeill&Krajcik, 2009) and

students should be engaging in these practices, among others, during their science instruction

(ACARA, 2013; Gilbert & Boulter, 1998; NGSS Lead States, 2013; NRC, 2012; Osborne et al.,

2004). For these reasons, as well as the emphasis on only these three science practices in the

curriculum materials used in this study (National Science Resources Center [NSRC], 2004),

making scientific observations, predictions, and evidence-based claims are the three science

practices addressed in the current study.

Observation involves the process of collecting data to be analyzed and used as evidence to

support scientific explanations (e.g., NRC, 2007, 2012; Zembal-Saul, McNeill, & Hershberger

2012). Young children are capable of engaging in the practice of making and recording scientific

observations (Arias, Davis,&Palincsar, 2012;Metz, 2008), while strugglingwith some aspects of

the practice (Akerson & Donnelly, 2009; Eberbach & Crowley, 2009; Ford, 2005). For example,

Ford (2005) found that 3rd grade students were able to make observations of rocks and minerals;

however, she noted the conflict between everyday language and scientific language observing that

everyday language (e.g., “shape”) does not necessarily lead to more complex scientific

observations (e.g., “fracture surfaces”). Eberbach and Crowley (2009) also identified the

disciplinary characteristics that increase the complexity of observation. Though elementary

students are capable of making and recording scientific observations, they need support to engage

in a way that is more characteristic of scientists’ observations. For this reason, teachers need to

support students in making and recording scientific observations that (1) include scientific

language, (2) accurately represent the phenomena being observed, and (3) are objective (Akerson

& Donnelly, 2009; Arias et al., 2012; Eberbach & Crowley, 2009; Ford, 2005). This support can

occur in many ways, including direct instruction on what a scientific observation is (including

characteristics of scientific observations compared with everyday observations), providing

students with the tools to make accurate and objective observations, modeling how to record

observations, and providing the necessary time to make accurate observations (Tomkins &

Tunnicliffe, 2001).

Students should also make and revisit scientific predictions. This practice, though often

overlooked in elementary classrooms, works in the service of scientific argumentation (Arias,

Palincsar, & Davis, 2014; Duschl & Osborne, 2002), which “addresses the coordination of

evidence and theory to advance an explanation, a model, a prediction or an evaluation” (Duschl &

Osborne, 2002, p. 55). Lee and Butler (2003) demonstrated students’ capabilities making

scientific predictions, particularly when interactingwith authentic data, although this practice can

be challenging because it requires students to justify their claims (McNeill, 2011; Sandoval &

Millwood, 2005). Engaging elementary children in making scientific predictions can also be
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challenging because of the difference between predictions made during English language arts

instruction compared to science inquiry (Casteel& Isom, 1994).

Finally, students should build on their prior knowledge and use scientific investigations to

develop scientific explanations and arguments that support their understanding of the disciplinary

core ideas (e.g., NRC, 2007, 2012; Osborne et al., 2004; Zembal-Saul et al., 2012). Constructing

scientific explanations—includingmaking evidence-based claims—is a complex science practice

(Braaten &Windschitl, 2011) and can be challenging for students (e.g., Ruiz-Primo, Li, Tsai, &

Schneider, 2010; Songer & Gotwals, 2012; Zembal-Saul et al., 2012), as well as teachers

(McNeill, 2009; Zangori, Forbes, & Biggers, 2013). For example, Sandoval (2003) found that

while students were successful in creating explanatory claims related to beak shapes and natural

selection leading to finch diversity, they struggled to provide evidence and reasoning to support

those claims. Support for teachers, specific to this practice, could include the following:

(1) instruction on what a scientific explanation is, including what constitutes sufficient evidence

and reasoning to support the explanation (Sandoval&Millwood, 2005; Zembal-Saul et al., 2012);

and (2) providing opportunities for students to discuss claims and evidence.

Curriculum materials are one method for supporting teachers’ learning and instruction (Ball

& Cohen, 1996), including—potentially—around science practices. Specifically, educative

curriculum materials, which are intended to support teacher learning as well as student learning

(Davis & Krajcik, 2005), can be used to support teachers’ understanding and implementation of

reform agendas. Only a few studies have characterized teachers’ use of educative science

curriculum materials (e.g., Beyer & Davis, 2009; Schneider & Krajcik, 2002), and studies rarely

connect teachers’ use to student outcomes. The central problem explored in this study focuses on

howeducative curriculummaterials can support teachers’ enactment of science instruction around

the science practices, and how this influences student learning. The current study—a part of a

larger study of educative curriculummaterials—investigates whether there is evidence in student

work of teachers’ uptake of educative curriculum materials, particularly associated with science

practices.

Theoretical Framework

Science educators seek new methods of supporting science instruction and student learning,

particularly because some elementary teachers experience challenges when teaching science

(Abell, 2007). Curriculum materials can be used as one conceptual tool (Brown, 2009).

Curriculummaterials can support teachers’ productive lesson enactment (Lewis & Blunk, 2012),

particularly for teachers who struggle with understanding the content and how to engage their

students in the content (Hill&Charalambous, 2012). In particular, educative curriculummaterials

with explicit focus on teacher learning have shown possibility in influencing teaching and

instruction (Beyer & Davis, 2009; Lin, Lieu, Chen, Huang, & Chang, 2012; McNeill, 2009;

Schneider & Krajcik, 2002). For example, Lin et al. (2012) describe the possible connections

between educative teachers’ manuals and increased teacher and student understanding of the

nature of science.

Teachers’ Participatory Relationships With Curriculum Materials

As teachers work with curriculummaterials, they engage in a participatory relationship with

those materials; teachers influence the curriculum materials through their reading and interpreta-

tion of those materials and the curriculum materials influence teachers’ instruction through

the information they contain (Remillard, 1999, 2005). Factors, such as the teachers’ content

knowledge, pedagogical content knowledge, beliefs, and perspectives can influence this

relationship (Biggers, Forbes,&Zangori, 2013;Charalambous&Hill, 2012;Remillard&Bryans,
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2004; Remillard, 2005; Zangori et al., 2013). Likewise, the characteristics of the curriculum

materials, including the types of features, voice, and style of the curriculum may influence this

participatory relationship (Beyer&Davis, 2009; Brown, 2009; Forbes&Davis, 2010; Remillard,

2005; Stylianides, 2007). In this way, the curriculum materials can influence what Brown (2009)

refers to as teachers’ pedagogical design capacity, which is teachers’ “ability to perceive and

mobilize” the information in the curriculum materials during their enactment (Brown, 2009,

p. 29).

Stein, Remillard, and Smith (2007) delineate among the different dimensions of curriculum

use (see Figure 1). These include the written curriculum (e.g., a commercial teacher’s guide), the

intended curriculum (i.e., what the teacher plans to do), and the enacted curriculum (i.e., the

teacher’s practice). They identified connections among the different phases of curriculum use and

student learning, as well as research surrounding those different phases. Figure 1 represents a

variation of how they identified those connections.

Studies have focused on different aspects of the connections in Figure 1, which is inherently a

simplified representation of a complex interaction. Some have studied the influence of “teacher-

proof” curriculum materials on student learning (e.g., Senk & Thompson, 2003). These focus

directly on the influence of thewritten curriculum on student learning, bypassing the involvement

of the teacher (i.e., intended curriculum and enacted curriculum). Others have studied ways

teachers develop the intended curriculum (e.g., Forbes & Davis, 2010; Remillard & Bryans,

2004), without necessarily connecting it to student learning. Still others have studied teachers’

enactment of curriculum materials (e.g., Biggers et al., 2013; Brown, 2009; Zangori et al., 2013)

with limited attention to student learning (e.g., Weiss & Pasley, 2004). However, there is little

research that connects the written curriculum materials to teacher’s enactment and even less that

traces this through to student learning.

When considering how information from the written curriculum materials can influence

student learning, it is critical to consider the role of the teacher (Remillard, 2000, 2005). This can

be a challenge, since each teacher will read, interpret, and enact information from the written

curriculum in different ways (e.g., Arias, Palincsar, & Davis, in press; Bismack, Arias, Davis, &

Palincsar, 2014; Schneider&Krajcik, 2002). The close study of teachers’ enactment often focuses

on determining “fidelity of implementation” (O’Donnell, 2008), in which the assumption is that

teachers should be enacting instruction “as prescribed” and the researcher seeks to document

departures from the designed intervention.We bring a different motivation to our research; we are

not interested in teachers’ “fidelity“ to the curriculum materials, but rather, in the ways that

teachers purposefully choose to use and adapt curriculum materials for their own classrooms,

knowing that any teacher will do so in unique ways. This is consistent with the perspective that

teachers engage in a participatory relationship (Remillard, 2005)with the curriculum.

The Design of Our Educative Curriculum Materials

Based on the perspective that curriculum materials can be conceptual tools (Brown, 2009)

and support productive reform in the classroom (Ball & Cohen, 1996), we have developed a set of

Figure 1. Temporal phases of curriculumuse (modified fromStein et al., 2007)
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educative curriculum materials with the intent of influencing teachers’ enactment and thereby

student learning (Davis & Krajcik, 2005). These educative curriculum materials were developed

with the purpose of speaking to the teacher, rather than through the teacher (Remillard, 2000) in

ways thatmay shape teachers’ pedagogical design capacity (Brown, 2009).

We can use Sandoval’s (2014) notion of conjecture mapping to delineate our thinking about

our designs of these educative curriculum materials. Our high-level conjecture is that learning to

engage students in the scientific practices of observing, predicting, and explaining requires the

appropriation of knowledge and teaching moves that support those practices. We designed tools

for teachers in the form of educative features. We anticipated being able to observe specific

teaching practices and to analyze student work and teacher comments on that work, for evidence

of the mediating processes that would allow the educative features to support the intended

outcomes.Here, the intended outcomeswould involve teachers supporting, and students engaging

in, making high-quality observations, justifying their predictions, and supporting claims with

evidence.

To embrace the challenges of studying the use of educative curriculum materials and testing

these conjectures, the concept of “tracers” becomes an important lens in our research (Duncan &

Frymier, 1967). Just as some doctors use tracers in the form of dyes to identify medical problems,

Duncan and Frymier (1967) used tracers to identify how concepts within written curriculum

materials are modified and used. The current study uses tracers purposefully built into educative

curriculum materials as a way to identify connections among the written curriculum (which is

enhanced by the addition of educative features), teachers’ enactments, and the student work.

We use tracers in two ways. First, tracers serve as a design element for us; as we develop

educative features for our curriculum materials, we incorporate unique characteristics, such as

language or recommended teacher moves (described below) that teachers would encounter in the

educative features but not in the rest of the curriculum materials. Including such design elements is

the first step in letting us “trace“ teachers’ uptake of particular ideas from the educative features—

recognizing full well that teachers will not adopt all of the ideas in the educative features, but

rather will pick and choose from among options depending on their needs. Second, tracers serve

as an analytic tool for us. After incorporating tracers into the design of the educative features, we

then use the tracers to directly inform our coding schemes. We look for instances of the tracers in

teachers’ enactments and students’ written work, as we describe below. Doing so, lets us take the

second step in tracing teachers’ uptake of particular ideas from the educative features. This

decomposition helps us to analyze the functions of the design’s components (Sandoval, 2014).

Our research investigating educative curriculum materials in elementary science explores

these issues in the context of student work from two fourth-grade teachers’ enactment of an

enhanced Electric Circuits unit. By “enhanced,“ we mean high-quality commercial curriculum

materials to which we added educative features for teachers (Davis et al., 2014). These educative

features foregrounded science practices and content. The current study focuses on the educative

features foregrounding science practices only.

The main research question for the study is as follows: To what extent does the student work

reflect suggestions from the educative curriculummaterials? Specifically,we asked:

� To what extent do students’ drawn and written observations, written predictions, and

evidence-based claims reflect the suggestions about quality included in the educative

features?

� To what extent do teachers’ comments on students’ drawn and written observations,

written predictions, and evidence-based claims reflect the suggestions about quality

included in the educative features?
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Returning to the Stein et al. (2007) model, we can envision tracers playing out throughout the

process of teachers’ curriculum use. Tracers, as design elements (e.g., characteristics of high-

quality scientific observations), are embedded in educative features within thewritten curriculum.

These design elements could, in turn, inform teachers’ thinking about their plans, affecting the

intended curriculum (typically not documented in writing). The enacted curriculum could be

coded using tracers as analytic tools; here, evidence of the tracers could be visible in the teachers’

enactments (e.g., through providing examples of the characteristics of high-quality observation).

Finally, student work could be coded using tracers as analytic tools, and here, evidence of

the tracers could be visible in the students’ written work (e.g., labeled and accurate drawn

observations). Using this process allows us to test our conjectures (Sandoval, 2014) about the

mechanisms underlying the functionality of educative curriculummaterials.

Methods

Participants

The current study is a qualitative case study (Merriam, 2009; Stake, 2000) of two teachers and

their classroomsduring a pilot study of the enhanced curriculummaterials developed for the larger

quasi-experimental study investigating teachers’ and students’ learning from educative curricu-

lummaterials (Davis et al., 2014).1 The current study took place in the classrooms of the only two

fourth-grade teachers, Ms. Chagall and Ms. Campbell, at Austin Elementary, in an urban-fringe

school district in the Midwest (All proper names provided are pseudonyms). At Austin

Elementary, 83% of students are eligible for free and reduced-cost lunch and the students’

performance on the state standardized assessment tends to be low (greatschools.org). On all four

state assessments, the students at Austin Elementary performed below the state average (see

Table 1). Austin Elementary was chosen to participate in this study based on its need for resources

and the two fourth-grade teachers were invited to participate, due to the content in the curriculum

materials closely aligning with the fourth-grade Grade Level Content Expectations for the state of

Michigan (MichiganDepartment ofEducation, 2009).

Ms. Chagall andMs. Campbell had both been teaching for a number of years, but with varied

experiences in fourth grade. Ms. Chagall taught for 18 years with the year of the current study

being her first year teaching fourth grade (previously she taught in a self-contained sixth-grade

classroom). Ms. Campbell taught for 9 years, with the year of the current study being her second

year teaching fourth grade (previously she taught technology to students in grades K-8). Both

teachers haveminors in science and an educationmaster’s degree.Neither teacher regularly taught

science and both mentioned that they were uncomfortable teaching science. Ms. Chagall

mentioned that she had not taught physical science in many years. Ms. Campbell talked about

feeling more confident with the curriculum materials since she taught a similar inquiry-based

science unit during the previous year that also focused on scientific observations and predictions.

Table 1

Austin elementary student performance on state assessment

Fourth-Grade State Assessments Student Proficiency (2012–2013)

Reading 45%
Writing 19%
Mathematics 4%
Science* 4%

*Assessment given infifth grade.
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In order to prepare for the unit, both teachers participated in two professional development

sessions. The first session occurred prior to beginning the unit; in this session, the teachers worked

through the first half of the lessons in the unit. These focused on connecting various simple

circuits, lighting a household light bulb using many D-cell batteries, testing different items to

determine if they are conductors or insulators, and creating a light bulb usingwires, batteries, clay,

and a nichrome wire for a filament. The second professional development session addressed the

second half of unit. These lessons involved working with a diode, series and parallel circuits,

designing and constructing a flashlight, and designing and wiring a cardboard house. During the

professional development sessions, the teachers were directed toward the features of the

curriculum materials. The teachers were not informed of which features were the educative

features and which were not. While working through the lessons, the teachers were given brief

overviews of the three science practices mentioned as they appeared throughout the lessons;

however, these were not discussed in depth, as the main focus was on working through the

activities in the lessons. The preponderance of the professional development focused on engaging

in the activities in the lessons in order for the teachers to gain experience completing the different

circuits andworking through challenges their studentsmight face.

Ms. Chagall had 25 students, with 23 students whoseworkwewere able to use after obtaining

parental IRB consent. Four students in her class had an Individualized Education Plan. Ms.

Campbell had 25 students,with 20 studentswhoseworkwewere able to use; however,we received

studentwork fromonly 15 of those 20 students.

Curriculum Materials

Both teachers taught an enhanced version of the Science and Technology for Children (STC)

Electric Circuits unit (NSRC, 2004). The STC Electric Circuits unit is a high-quality, kit-based

curricular unit developed using National Science Foundation funding and was further enhanced

by our research team to include features, throughout the unit overview and lessons, that were

designed to be educative for teachers (see Figure S4 in the supplemental material for an example

of an enhanced lesson). These educative features included enhanced supports for science practices

and content already present in the original curriculum; as noted, this study focuses on those

foregrounding science practices. The educative features foregrounding science practices were

intended to support teachers’ understanding of what the science practice is, the importance of

students’ engagement in the practice, and possible strategies for engaging students in the

science practice (see Table 2; Davis & Krajcik, 2005). The science practices included in the

educative features were chosen as a focus due to the kinds of work in which the students

engaged in throughout the original STC Electric Circuits unit. For example, a lesson in the

original curriculum materials may direct the teacher to have their students make predictions

about whether a bulb will light or not based on the drawing of the circuit. However, the

original curriculum materials do not clarify that the predictions should include both a claim as to

what will happen and a justification supporting that claim. The call for the inclusion of a

justification is an example of a tracer informing the design of our educative features (and, in our

coding, as an analytic tool).

The design of the educative curriculum materials was both theoretically and empirically

driven;we describe this design process in depth elsewhere (Davis et al., 2014), but recapitulate our

key design decisions in this section. The choice of the type and content of the educative features

was guided by previous work surrounding teachers’ use of curriculum materials (e.g., Beyer &

Davis, 2009; Davis&Krajcik, 2005; Schneider &Krajcik, 2002), as well as an empirical study of

teachers’ use of the original STC units without the added educative features (Bismack et al.,

2014). We then made decisions as to where the various educative features would be embedded
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within the lessons and unit, based on the science practices already highlighted in the original STC

ElectricCircuits unit.

The educative features incorporated within the lessons included two basic forms: expository

and narrative (Beyer & Davis, 2009). The expository educative features provided either an

overview of a particular science practice, or a description of the practice with regard to how it is

used in an individual lesson. These were called Practice Overview pages (see Figure S1 for an

example) and in-lesson expository supports, respectively.

The narrative educative features (see Figure S2 for an example) were descriptions of how a

fictional teacher enacted the lesson and emphasized the use of a science practice within the given

lesson. The account was based on the enactment of a pilot teacher during the first year of the study

and on best practices identified by the researchers. The narratives foregrounded scientific

predictions and evidence-based claims.

Table 2

Description of educative features and their associated science practice

Type of Science Practice Supported

Educative Feature Descriptions Observations Predictions
Evidence-Based

Claims

Practice overview
page

Included general characteristics
of high-quality scientific
observations, predictions,
and evidence-based claims

X X X

In-lesson expository Included characteristics of
high-quality scientific
observations, predictions,
and evidence-based claims
and how they could be
incorporated in the
specified lesson

X X X

Rubrics Included the evaluation of
and potential teacher’s
comments on a sample
student’s work regarding
the characteristics of
high-quality scientific
observations or evidence-
based claims

X X

Narrative Included a description of
how a fictional teacher
emphasized the use of
scientific predictions and
evidence-based claims
within a given lesson

X X

Reminder boxes Included a symbol
related to the practice
and a quick reminder
to the teacher to make
sure students included
all characteristics of
quality for the specified
science practice

X X X
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Other educative features included reminder boxes about science practices and rubrics guiding

teachers’ review of student work related to scientific observations, predictions, and evidence-

based claims. The rubrics addressed students’ written and drawn observations and students’

evidence-based claims (see Figure S3 for an example).

Conjecture mapping (Sandoval, 2014) can inform thinking about our design. We identified

tools that embodyour design for supporting teachers in engaging students inmaking and recording

scientific observations, predictions, and evidence-based claims. These tools include expository

features (Practice Overview pages, in-lesson supports), narratives, reminders, and rubrics with

sample student work and sample teacher comments. Within each educative feature, we included

tracers (e.g., characteristics of high-quality scientific observations) that would allow us to identify

evidence from the educative features (tools) in the student work and teacher comments on the

student work (mediating processes) for teachers’ use of the educative features to support students

in engagingwith the science practices (intended outcomes).

As we enhanced the curriculum materials with our educative features, we drew on our

analysis of the original curriculum materials and our pilot data of teachers enacting the original

curriculum materials, as well as interviews with those teachers and the student work from their

classrooms, in determining what educative features to include and where to include them in the

curriculum materials (see Davis et al., 2014). Our design was also informed, of course, by our

theoretical commitments with regard to designing educative curriculum materials. In Davis and

Krajcik (2005), for example, we outlined our hypotheses about how specific forms of educative

features would promote specific learning processes such as adding ideas or integrating ideas

within a teacher’s repertoire. These hypotheses were later supplemented with our empirical work

that bore out some of those hypotheses (e.g., Beyer & Davis, 2009). Thus, beyond the basic

conjectures described above,we had reason to anticipate that:

� expository features, such as the Practice Overview pages, would help teachers add new

and probably unfamiliar ideas about science practices, such as that predictions should be

justified;

� narratives would help teachers add new specific teaching moves to support the practices,

and thesewould be situatedwithin specific lessons;

� rubrics would help teachers integrate ideas about practices in situated ways in thinking

about studentwork.

In each case, we conjectured that we would see evidence of these functions in teachers’

enacted practice, student work, and/or teacher comments on student work. Because of the

complexities of human learning and of teaching, we anticipated seeing variation in how individual

teacherswould participatewith and, thus, demonstrate uptake of the educative features.

To support engagement in high-quality scientific observations, a table at the bottom of the

Practice Overview page (see Figure S1) indicated that the characteristics of high-quality

observations include the following: clarity, completeness, accuracy, use of labels, and objectivity

(Akerson & Donnelly, 2009; Arias et al., 2012; Eberbach & Crowley, 2009; Ford, 2005). These

were also emphasized in the rubric at the end of Lesson 2, which included examples of students’

drawn observations and characterized whether or not the student examples demonstrated

characteristics of high-quality observations; the rubric also provided potential teacher’s com-

ments to the students (see Figure S3).

Characteristics of quality scientific predictions were supported in the Practice Overview page

on predictions and in-lesson expository text (see Table 2) by explaining the parts of a scientific

prediction and potential ways to support students’ productive engagement in this science practice.
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The main emphasis for the characteristics of quality predictions was that a prediction states both

whatwill happen (here called a “claim“) and a justification for that claim. It is this justification that

distinguishes a prediction fromaguess.

Characteristics of evidence-based claims were supported in the Practice Overview page on

evidence-based claims, in-lesson expository text, and a rubric that explained the parts of an

evidence-based claim and potential ways to support students in making evidence-based claims

(see Table 2). The aspects of quality evidence-based claims were also included in “reminder

boxes” urging teachers to support their students in this science practice.

Throughout our design process, one additional consideration that we took into account was a

caution raised in Davis and Krajcik (2005) and elsewhere: there is a tension between providing

needed support and overwhelming a teacher with too much support. Thus, within the parameters

we have described thus far, we also made selections influenced by the length of the curriculum

materials and the full set of forms of support we felt were needed. For example, while a lesson

might have lent itself to two narratives, focused on two different scientific practices, we would

make a choice aboutwhich to focus on in a given location.

The emphasis on science practices, including the descriptions of the characteristics of

high-quality observations, predictions, and evidence-based claims and the suggestions for

incorporating science practices, was found only in the educative features, not in the original

curriculum materials. These descriptions and suggestions, then, were design elements serving as

tracers. Thus, when we see evidence of effective engagement in the practices, we can reasonably

attribute it to the teachers’ uptake of the educative features, through using the tracers as analytic

tools, in theways described below (Arias, Bismack, Davis,& Palincsar, 2013; Duncan&Frymier,

1967).

Data Sources and Collection

The enhanced Electric Circuits unit was used as a data source, as described below. Student

work was collected and analyzed for evidence of teachers’ use of the educative features. The

student work consisted of the following: (1) drawn observations; (2) written observations; (2)

written predictions; (3) a few written evidence-based claims; and 4) other student artifacts (e.g.,

students’ written statements about what they learned at the end of lessons, diagrams of design

projects related to constructing a flashlight and wiring a cardboard house). Each student within

each class had between 17 and 41 pages of student work with an average of 27 pages. In total, we

had 631 pages of student work fromMs. Chagall’s class and 411 pages of student work fromMs.

Campbell’s class. In addition, we interviewed each teacher using a semi-structured interview

protocol (See SupplementalArtifact S5 for sample interviewquestions.). The teachers’ enactment

captured on video and the teachers’ interview data were used to further validate the claims, as

described below. The current study is complemented, in fact, by one focusing on the same two

teachers’ enactment; seeArias et al. (2013) for a detailed analysis of the teachers’ enactment using

thevideo data and teachers’ interviews.

Thus, to answer our first research question,we relied primarily on the studentwork. To answer

our second research question, we relied on the comments the teachers made on the student work.

We used teacher enactment and interview data to provide context for the findings about how

teacher uptake of the educative featureswas reflected in the studentwork.

Data Coding and Analysis

The data were coded in four incremental steps to look for evidence in the student work of

teachers’ use of the educative features. The first step focused on coding the enhanced Electric

Circuits unit for instances when evidence of teachers’ use of the educative features could
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potentially appear in the student work. These instances were referred to as “student work tracers”

(Duncan & Frymier, 1967) and were coded as either “could appear in student work” or “could

not appear in student work.” Student work tracers included either part of an educative

feature or the entire educative feature. For example, only part of the narrative included in

Lesson 4 about predictions (see Figure S2) was identified as a student work tracer. The narrative

described how a fictional teacher (Ms. Carter) engaged her students in prediction-making. One

sentence in the narrative stated, “To begin the lesson, Ms. Carter displayed the standard (unlit)

household light bulb for her students to see and asked them [to] write predictions in their

notebooks as to the number of batteries they thought it would take to light the light bulb andwhy.”

This sentence was coded as “could appear in student work,” since the teacher was prompted to

have her students write in their notebooks about predictions. This varied from the original

curriculum materials, where teachers were not prompted to have their students write their

predictions with justifications. Other educative features were coded in their entirety as a student

work tracer (e.g., a chart included in Lesson 11 about differences between series and parallel

circuits).

The second coding step involved two parts: (1) identifying, within the student work, the

opportunities students had to make drawn and written observations, written predictions,

and written evidence-based claims; and (2) coding the student work for the quality of their

recorded observations, predictions, and evidence-based claims. The characteristics of high-

quality observations, predictions, and evidence-based claims—as described in the following

paragraphs—were only found in the educative features and were emphasized in the teachers’

enactments in varying ways (see Arias et al., 2013), thus, serving as design elements that could

work as tracers. There were nine lessons identified in the student work that included drawn

observations, eight that included written observations, two that included scientific predictions,

and two that included evidence-based claims. Of the lessons identified as opportunities students

had to engage in the three science practices, only a fewwere sampled across the unit and coded for

quality of the identified science practice.We coded the lessons that had amajority of the respective

science practices appearing in the student work; our choices were also informed by the location of

the lesson within the unit. For example, we only coded students’ drawn observations in Lessons 2,

5, and 8 because a number of students had completed those drawn observations and they

represented lessons at the beginning, middle, and end of the portion of the unit focusing on

scientific observations.

The students’ drawn scientific observations were coded for quality, based on the character-

istics of high-quality observations identified as student work tracers in the educative features (see

Figure S1). These characteristics and associated codes were based on Arias et al. (2012) work

focusing on student observations, which were in turn modified from the literature (e.g., Beyer &

Davis, 2006; Eberbach & Crowley, 2009). Drawn observations were coded as clear, complete,

accurate, labeled, and including scientific vocabulary (see Table 3). The drawn observationswere

coded by one researcher with a second researcher coding 10%of the students’ drawn observations

for each class. The inter-rater reliability was 93% agreement for both classes with discrepancies

resolved through discussion.

The students’ written observations were also coded for quality. Again drawing on prior work

(Arias et al., 2012; Eberbach&Crowley, 2009), the codes for written observations included clear,

complete, accurate, objective, and including scientific vocabulary. Written observations were

coded as excellent, good, or needs improvement along each dimension (see Table 4). The written

observations were coded by one researcher with a second researcher coding 10% of the students’

written observations for each class. The inter-rater reliability was 88% and discrepancies were

resolved through discussion.
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The students’ scientific predictions were coded for quality, based on the description of high-

quality predictions included as student work tracers in the educative features. Because the

educative features emphasize that a prediction includes a claim about what will happen supported

by a justification, the codes focus on the “claim” about what the student thinks will happen—

whether it is present and whether it is reasonable—as well as the justification for the claim—

whether it is present, aligned with the claim, and logical. Only predictions from Ms. Chagall’s

students were coded.2 Ms. Chagall encouraged her students to include a justification with their

predictions, as emphasized in the educative features (Arias et al., 2013). The written predictions

from Ms. Chagall’s class were coded by one researcher with a second researcher coding 10% of

the students’ written predictions. The inter-rater reliability was 96% with discrepancies resolved

through discussion.

Because therewere few opportunities for students towrite evidence-based claims, thesewere

only analyzed for descriptive purposes to help characterize the students’ work with regard to

evidence of the teacher’ use of the educative features related to evidence-based claims.

The third step involved coding the teacher’s comments on the studentwork.OnlyMs.Chagall

made comments regarding students’ observations and predictions.3 Neither teacher made

comments on students’ evidence-based claims. Ms. Chagall’s comments were coded using the

same coding schemes as were used for the student work; the comments were coded as referring to

(or not) a characteristic of high-quality scientific observations or predictions, as supported by the

educative features. One researcher coded the teacher’s comments and a second researcher coded

10% of the comments for each of the science practices with 95% inter-rater reliability.

Discrepancieswere resolved through discussion.

Thus, throughout the coding of the student work and the teachers’ comments on the student

work, we used the tracers as analytic tools to guide our coding. This allowed us to infer the aspects

of the educative features teachers seemed to “take up,” and hence characterize their participatory

relationshipwith the curriculummaterials.

The teachers’ interviews were coded with respect to their evaluation of the usefulness and

purpose of the educative features. The interviews were initially coded for mention of the types of

educative features (e.g., narrative, overview page, rubric). These instances were then open coded

for the following: (1) how helpful the teacher reported the educative feature to be; (2) theways the

teachers used the educative feature to support their planning and instruction; and (3) how the

teacher described the student work in relation to the science practices in the educative features.

When coding about the teachers’ views of helpfulness, the codes were helpful, somewhat helpful,

and not helpful. Samples of codes regarding the teachers’ view of use of the educative features

included envisioning the activity or lesson, anticipating problems, and assessing students’

learning.When coding the teachers’ responses related to the science practices in the studentwork,

theywere first coded for the type of science practice and then the comment about the studentwork.

Sample codes included the following: high quality characteristic, definition of scientific practice,

and supporting students’ writing. For example, inMs. Chagall’s first interview, she explained that

if a student did not include “thewhy”with their written scientific predictions, then it would just be

a “good, fun guess”—whichwas coded asdefining the scientific practicewhen referencing student

work. The findings from coding and analyzing the teachers’ interviews were then used to support

claims (based on student work) regarding how the teachers took up ideas within the educative

features.

The teachers’ enactment was also coded using similar codes to the student work tracers.

Thesewere used to triangulate the data in order to support the claims surrounding teachers’ uptake

of the ideas in the educative features and to provide context about the enactments. See Arias et al.

(2013) for the codebook used.
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Results

Based on evidence in the student work, we found that both teachers used many of the

educative features, but in differing ways. We also found that students were able to engage in

making scientific observations and predictions. The teacher comments on the students’drawn and

written observations and written predictions mentioned characteristics of quality scientific

observations and predictions, as highlighted in the educative features. The students tended to

struggle with writing quality evidence-based claims. In the next section, we provide an overview

of our findings. In subsequent sections, we explore these findings inmore depth.

Instances of Teacher Uptake of Educative Features: An Overview

We analyzed the enhanced STC Electric Circuits unit to identify student work tracers. Then,

we analyzed the student work, to check for evidence of those tracers (see Table 5). Presence of a

student work tracer meant the following: (1) the teacher may have discussed some concepts only

found in the educative features with their students, allowing the concepts to appear in the student

work; or (2) the teacher gave the educative feature directly to the students. The studentwork inMs.

Chagall’s class revealed 17 out of a possible 29 student work tracers that appeared in the student

artifacts, compared with 16 out of 29 student work tracers present in the student artifacts in Ms.

Campbell’s class, as shown inTable 5.

An example of a student work tracer is the reminder box in Lesson 5, which reminded the

teacher that predictions need a justification that supports a claim. When coding the student work

forMs. Chagall’s class, we found that the students had written their predictions with justifications

so this lesson was coded as showing evidence in the student work of the student work tracer. This

was supported in Ms. Chagall’s enactment, in which she directed her students to write initial and

revised predictions with justifications in two class periods. However, in Ms. Campbell’s class

students did not write predictions with justifications, so no code for evidence of the student work

tracerwas given.

In some instances, the teachers directly used aspects of the educative feature, or, in fact,

the entire educative feature with their students. For example, Ms. Campbell used the exact

wording from the prompt included on the rubric in Lesson 11 about the differences between

series and parallel circuits. She had her students write evidence-based claims answering this

prompt.

In summary, we saw consistent evidence in the student work that the teachers took up some of

the suggestions in the educative features based on the presence of student work tracers. The

teachers’ enactment also showed that they regularly used educative features (Arias et al., 2013).

The following sections elaborate on this overview.

Ways Students’ Drawn Observations Reflect Teacher Uptake of Educative Features

During Ms. Chagall’s and Ms. Campbell’s enactments, they discussed the characteristics of

high-quality observationswith their students—clear, complete, accurate, labeled, and inclusion of

scientific vocabulary—in more than six lessons. These characteristics were only emphasized in

the educative features, which also included suggestions—such as “modeling how to make an

observation” (see Figure S1)—of how to help students make and record observations. These

educative features included the following: a Practice Overview page, in-lesson expository text,

rubric, and reminder boxes (see Table 2). The teachers regularly reminded their students to label

their drawings and to completely and accurately document their observations. Ms. Campbell

discussed these qualities when modeling for her students how to draw a scientific observation, as

suggested in the Practice Overview page. Ms. Chagall included these characteristics when
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commenting on her students’ drawn and written observations (see Tables 7 and 9). During Ms.

Chagall’s interview, she commented on how she saw a student “making his [observation] really

creative. . .and [she] said, ‘You know, is that exactly what you see?. . .it has to be as you see it’”

(Chagall, Interview 2, 94–98). She emphasized the need for the student’s observation to be

accurate, which was one of the characteristics of high-quality observations highlighted in

the educative features stating that “observations should include only what is actually seen” (see

Figure S1).

The students’ drawn observations reflected characteristics of high-quality observations as

stressed in the educative features. The lessons sampled to code students’ drawn observations were

Lessons 2, 5, and 8 for both classes with the total number of drawn observations forMs. Chagall’s

class andMs.Campbell’s class being 54 and 70, respectively.4

Overall, the coding indicated that students from both classes were judged to have made high-

quality observation (seeTable 6).Most of the drawnobservations inMs. Chagall’s classwere clear

and labeled using scientific vocabulary. Students struggled with the accuracy of their drawn

observations, particularly when drawing the wire connections in the circuit. The completeness of

their drawn observations also declined across the three lessons. One consideration is that the

number of materials (e.g., battery, bulb, wire) included in the complete circuit increased as the

lessons progressed. For example, in Lesson 2 therewere four materials, in Lesson 5 therewere six

materials, and in Lesson 8 there were 10 materials that the students used while investigating the

circuits.

The students’ drawn observations in Ms. Campbell’s class also were of high quality. They

tended to be clear and complete, even with the large numbers of materials in the later lessons.

Students appeared to strugglemorewith including labels in their drawnobservations (seeTable 6);

however, this could have been due to Ms. Campbell’s directions for drawing observations during

Lesson 2. She directed them to draw observations of the setup of circuits where the bulb lit, did not

light, and of a short circuit with a compass—and to make sure to “label the top” of the drawn

observation to identifywhich circuit theywere drawing. She did not distinguish between this form

of “labeling” and labeling the parts of a drawn observation. The latter is the form of labeling that is

suggested in the educative features regarding high-quality observations. The students also

struggled to drawaccurate observations.

In sum, students in both classes tended to draw observations that reflected some character-

istics of high-quality observations that were described in the educative features. Across both

classes, students struggled most with making their drawn observations accurately represent the

phenomena being observed. Yet, overall, the drawn observations reflected many of the character-

istics emphasized in the educative features, reflecting substantive uptake by the teachers of the

ideas presented in the educative features.

Table 6

Quality of students’ drawn observations in Ms. Chagall’s and Ms. Campbell’s classes

Ms. Chagall (n¼ 54) Ms. Campbell (n¼ 70)

Clear 53 (98%) 66 (94%)
Complete 46 (85%) 61 (87%)
Accurate 39 (72%) 49 (70%)
Labeled 50 (93%) 36 (51%)
Scientific vocabulary 50 (93%) 35 (50%)
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Ways Teacher Comments on Drawn Observations Reflect Uptake of Educative Features

Ms. Chagall made 147 comments on students’ drawn observations and—of those

comments—46% related to at least one characteristic of high-quality observations (Recall that

Ms. Campbell did not comment on student work.). In the educative features (see Table 2), teachers

were informed of the characteristics of high-quality observations in the Practice Overview Page

(see Figure S1 and previous discussion) and suggested teacher comments on student work in the

Rubric (see Figure S3). For example, the Rubric for DrawnObservations included sample teacher

comments about the completeness and accuracy of an observation stating, “This drawing is

missing the wire. Try this circuit again and see if you can figure out where the wire goes” (see

Figure S3). Ms. Chagall tended to comment on similar qualities of students’ drawn observations;

in particular, the completeness, accuracy, and labeling of students’ drawn observations (see

Table 7). For example, shewrote, “Is this how it was laid out?Where is the bulb? Thewire? Please

fix,” which addresses both the completeness (i.e., lack of bulb and wire) and accuracy (i.e.,

questioning how the circuit was laid out) (Work from Student 21, Ms. Chagall’s Class, p. 6). In

interviews, Ms. Chagall commented on using the rubrics as a guide to how to evaluate and

comment on the student work, “The information from the other teacher, student drawings, and

comments—teacher comments. That helped so when you can kind of say, ’Oh, I can model my

comments sort of on this but a little bit different depending on what your kids were doing’”

(Chagall, Interview3, 902–918).

Of the other comments Ms. Chagall wrote on students’ drawn observations, 13% involved

telling students to draw another observation and 7% involved telling students to write an

observation. Overall, many of Ms. Chagall’s comments on the students’ drawn observations

reflected likely uptake of the characteristics of high-quality observations only presented in the

educative features.

Ways Students’ Written Observations Reflect Teacher Uptake of Educative Features

Overall, students’ written observations tended to reflect some characteristics of high-quality

observations. The sample lessons in which students’ written observations were coded included

Lessons 2 and 8 forMs. Chagall’s class andLessons 2 and 5 forMs. Campbell’s classwith the total

number of written observations being 59 and 57, respectively. InMs. Campbell’s class for Lesson

2, each studentwrotemore than one observation.

Students’ written observations inMs. Chagall’s class tended to reflect characteristics of high-

quality observations, though some characteristics were better represented than others (see

Table 8). These characteristics werementioned across several educative features (see Table 2), but

were described in more depth in the Practice Overview page (see Figure S1) and in-lesson

expository supports for observations. For example, the Practice Overview page for scientific

observations says that “[objective observations] should not state an opinion. Another person

should be able to look at the object of interest and make the same observation. An objective

statement is ‘the mustard seed is one millimeter across.’ A less objective statement is ‘the seed is

Table 7

Ms. Chagall’s comments related to quality of students’ drawn observations (n ¼ 67)

Clear 5 (8%)
Complete 18 (27%)
Accurate 23 (34%)
Labeled 24 (36%)
Scientific vocabulary 2 (3%)
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really small’” (see Figure S1). Ms. Chagall mentioned, during her interviews, that she used the

Practice Overview page, though not as often as other supports. Students’ written observations

were generally objective, though sometimes students would include a subjective statement with

their observation. For example one studentwrote:

This time we used two batterys & clay with our compus [compass]. When my partner & I

made it up. We had a problem we had to change one positive side. When we fixed our

problem&our night crom [nichromewire] lite up it was so amazing. The clay, battery& the

wiremade a complete circuit. The batteryflow to the night crown [nichromewire].

This student’s written observation was considered “good” because most of the statements

were objective, except the portion referring to the nichrome wire lighting up as “amazing.”

Students struggled most with writing accurate scientific observations, which involved being

descriptive about the connections and set up of the circuit.

The written observations from students in Ms. Campbell’s class tended to also reflect

characteristics of high-quality observations, although to varying levels (see Table 8). Similar to

Ms. Chagall’s students, Ms. Campbell’s students demonstrated more difficulty writing accurate

scientific observations, particularly when describing the connections in their circuits. These

students also had difficultywriting clear statements, which involved clearly identifying all parts of

their observation, instead of referring to “it.” They tended to write observations that were

objective, particularly duringLesson 2, although thiswas not as apparent in Lesson 5.

Overall, the students’ written observations tended to include at least some representation of

the characteristics of high-quality observations, potentially reflecting teachers’ uptake of the ideas

that were only described in the educative features. The quality of the writing in the observations

was consistent with the relatively low scores on the state standardized tests. Overall, though, these

findings demonstrate elementary students’ capability for recording drawn and written, high-

quality, scientific observations.

Ways Teachers’ Comments on Written Observations Reflect Uptake of Educative Features

Ms. Chagall wrotemany comments on students’ written observations (n¼ 83)with only 32%

of them referencing at least one characteristic of high-quality observations (see Table 9). This

differs from almost half of the comments on the students’ drawn observations relating to

Table 8

Quality of students’ written observations in Ms. Chagall’s class (n ¼ 59) and Ms. Campbell’s class

(n¼ 57)

Excellent Good
Needs

Improvement

Ms.
Chagall
(n¼ 59)

Ms.
Campbell
(n¼ 57)

Ms.
Chagall
(n¼ 59)

Ms.
Campbell
(n¼ 57)

Ms.
Chagall
(n¼ 59)

Ms.
Campbell
(n¼ 57)

Clear 18 (31%) 10 (18%) 38 (64%) 39 (68%) 3 (5%) 8 (14%)
Complete 22 (37%) 17 (30% 37 (63%) 36 (63%) 0 (0%) 4 (7%)
Accurate 15 (25%) 12 (21%) 36 (61%) 34 (60%) 8 (14%) 11 (19%)
Objective 24 (41%) 38 (67%) 34 (58%) 15 (26%) 1 (2%) 4 (7%)
Scientific vocabulary 48 (81%) 47 (82%) 10 (17%) 6 (11%) 1 (2%) 4 (7%)

Note: n refers to the total number ofwritten observations.
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characteristics of high-quality observations, discussed above. (As with the drawn observations,

Ms. Campbell did not comment on the student work for written observations.) On the students’

written observations, Ms. Chagall commented about the clarity and accuracymore than any other

characteristic. For example, shewrote, “Scientists are specific—wire, bulb, battery, etc. Not thing

and it” (Work from Student 9, Ms. Chagall’s Class, p. 4) and “Is it really the ‘clay’ that makes the

light bulb?” (Work fromStudent 11,Ms.Chagall’s Class, p. 9), respectively.

Though the characteristics of high-quality scientific observations were described in the

PracticeOverview page and in-lesson expository text for observations, theywere also emphasized

in the rubric discussed above, which included sample teacher comments of students’ drawn

observations (see Figure S3). For example, one sample teacher comment from the rubric states,

“This drawing has all of the pieces, but I cannot determine which part is which and where the

connections are. Can you draw the connectionsmore clearly and label the parts of your drawing?”

(Figure S3). Ms. Chagall commented that she used the rubrics; however, she did so to understand

the quality she should expect from her students generally, rather than to assess or provide

comments on individualwork.

Ms. Chagall also wrote 56 other comments unrelated to high-quality observations, of which

23% directed students to include the investigation question in their written statements, 18%

involved reminding students to draw an observation, and 21% included suggesting to students to

write another observation. Though she was not referencing the characteristics of high-quality

scientific observations, she was still supporting her students in engaging in the “doing” of science

by recording observations and including the investigation question. Overall, some of Ms.

Chagall’s comments on the students’ written observations referenced the characteristics of high-

quality observations,which reflects somepotential uptake of the ideas in the educative features.

Ways Students’ Written Predictions Reflect Teacher Uptake of Educative Features

During Ms. Chagall and Ms. Campbell’s enactments, they both engaged their students in the

practice of making scientific predictions; however, only Ms. Chagall emphasized the need to

justify predictions. She did this in four class periods. The characteristics of high-quality

predictions, which emphasize the need for a justification, are only mentioned in the educative

features, specifically the Practice Overview page, in-lesson expository text, narrative, and

reminder boxes (see Table 2). For example, the Practice Overview page states, “Predictions

require reasoning based on previous observations or experiences.“Ms. Chagallmentioned, during

an interview, that predictions should always include support, “because if you just make a

prediction and you don’t have thewhy, it’s kind of not really a prediction at all. It’s just kind of like

a good, fun guess” (Chagall, Interview 1, 650–652). She also mentioned the usefulness of various

educative features, specifically the narratives, which provided strong support for engaging

students inmaking scientific predictions (Chagall, Interview 3).Ms. Campbell, on the other hand,

stated she did not find some of the educative features, particularly the narratives, very helpful

(Campbell, Interview1, 612–613)

Table 9

Ms. Chagall’s comments related to quality of students’ written observations (n ¼ 26)

Clear 9 (35%)
Complete 8 (31%)
Accurate 10 (39%)
Objective 0 (0%)
Scientific vocabulary 1 (4%)
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Ms. Chagall’s students were prompted to write predictions in Lessons 4 and 5 only, which

were the two lessons analyzed.5 In Lesson 4, students were prompted to answer the question,

“How many batteries do you think it would take to light a household light bulb? And why?”

(Chagall Video, Lesson 4) and 22 students did so. This was similar to the narrative educative

feature in Lesson 4 that states that the fictional teacher, Ms. Carter, “asked [her students] to

write predictions in their notebooks as to the number of batteries they thought it would take to

light the bulb and why” (Figure S2). In Lesson 5, there were many more predictions, due to

students being given aworksheet with six different images of setups for a circuit with one battery,

one bulb, and one wire. They were to write a prediction for each, as to whether or not the bulb

would light and why (Chagall Video, Lesson 5). Since each student wrote more than one

prediction, there were a total of 69 predictions for Lesson 5, yielding a total of 91 predictions

across the two lessons.

Students’ written predictions in Ms. Chagall’s class reflected characteristics of high-quality

scientific predictions (see Table 10), which may have represented Ms. Chagall’s uptake of the

ideas emphasized in many educative features foregrounding scientific predictions. Ms. Chagall’s

students included reasonable claims and logical justifications for their predictions. For example,

“I predict that 2 batterys can light a big bulb because if one battery can light one little bulb then 2

batteryes can light one big bulb” (Work from Student 4, Lesson 4, Chagall). Many students, as

represented in this example, drew on their prior experience to justify their claims—a quality

frequentlymentioned in the educative features.

Ways Teachers’ Comments on Written Predictions Reflect Uptake of Educative Features

Ms. Chagall wrote many comments on the students’ written predictions (n¼ 86). Of her

comments on the predictions, 21% referenced characteristics of quality scientific predictions that

were based on descriptions of scientific predictions in the educative features. Among those, she

reminded students to include a justification with their prediction much more than any other

characteristic (see Table 11). This was similar to the fictional teacher, Ms. Carter, in the narrative

who “looked through [her students’] written ideas, checking on students’ understanding of the

concepts, as well as their use of reasons to support their new predictions” (see Figure S2). In one

comment, Ms. Chagall reminded students to include a claim with their prediction and in two

comments she referenced the relevance of the claims to the investigation.Ms. Chagall commented

during an interview about what she liked about the narrative educative features related to

predictions, “Well, you got this teacher, thisMissCarter. And. . .it givesme an idea how I canwork

things in. Like about predictions or whatever. . .There was one where it talked about her—what

she was doing with her kids and I thought, ’Oh yeah.’ . . .Well it was sort of like, okay, there’s a

teacher who did this. She may be fictional, but that’s okay“ (Chagall, Interview 1, 1013–1020).

Ms. Chagall’s comments during the interviews and her emphasis on providing a justification for a

prediction seems to be evidence of uptake from the educative features, since the curriculum

materials otherwise did not emphasize this.

Table 10

Quality of students’ written predictions in Ms. Chagall’s class (n ¼ 91)

Claim is present 85 (93%)
Claim is reasonable 80 (88%)
Justification is present 78 (86%)
Justification is aligned with claim 76 (84%)
Justification is logical 66 (73%)
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Ways Students’ Evidence-Based Claims Reflect Lack of Uptake of Educative Features

Throughout the unit, neitherMs. Chagall norMs. Campbell regularly prompted their students

to write evidence-based claims (Arias et al., 2013). Ms. Chagall did use the words “claim” and

“evidence” during her enactments, but she did not explain to her students what theymeant and did

not directly engage her students in the practice of making evidence-based claims. During an

interview after the unit ended, she also expressed uncertainty regarding how to make and engage

her students in this practice (Chagall, Interview 3). It follows that there were limited numbers of

evidence-based claims in the studentwork.Across two lessons, therewere only 16 evidence-based

claimswritten inMs.Chagall’s class and only 16 inMs.Campbell’s class.

Students’ evidence-based claims included some of the characteristics of high-quality

evidence-based claims, but not many, reflecting the teachers’ lack of uptake of the educative

features foregrounding evidence-based claims. In both classes, students almost always included a

claim, but struggled with answering all parts of the investigation questions (completeness) and

fully relating the claim to the investigation question. For example, in the second part of Lesson 11,

Ms. Campbell prompted her students to answer the question (verbatim from the rubric educative

feature (Arias et al., 2013)), “What is the difference between circuits when the batteries are in

series andwhen batteries are in parallel?” (Lesson 11 Rubric, Enhanced STCCurriculum, p. 9). A

sample answer from a student was, “The difference between the two circuits is the brightness and

set up. The series circuit is brighter because 2 batteries working together means more electricity”

(Work fromStudent 20,Ms. Campbell’sClass,May 5, 2012). This student provided a strong claim

that was accurate and complete; that is, the student mentioned brightness and setup, but did not

provide evidence that was fully sufficient by failing to reference parallel circuits. This represents a

relatively strong evidence-based claim found in the student work. Of the written evidence-based

claims, few provided evidence at all (eight out of 32 total evidence-based claims). Students also

tended to struggle with making complete claims and sufficient evidence to support their claims.

Again, similar to the lack of clarity of the written observations, this was consistent with the

students’difficultieswithwriting, in general.

Summary of Results

Overall, the teachers seemed to take up some aspects of the educative features, as evidenced

by the presence of studentwork tracerswithin the students’drawnandwritten science practices, as

well as the presence of some full educative features in the student work. The whole educative

features used directly with students included a chart and the rubrics. The student work also tended

to include high-quality drawn andwritten observations and predictions, as emphasized only in the

educative features. The students struggledwithmaking accurate drawn scientific observations and

writing accurate and clear written scientific observations. In their written predictions, the students

included reasonable claims and logical justifications. In contrast, there were few evidence-based

claims in the student work and those that were included tended to lack evidence and complete

Table 11

Ms. Chagall’s comments related to quality of students’ predictions (n ¼ 18)

Claim is present 1 (6%)
Claim is reasonable 2 (11%)
Justification is present 14 (78%)
Justification is aligned with claim 0 (0%)
Justification is logical 0 (0%)
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claims. This, along with teacher’s comments during interviews, shows that the teachers did not

take up the ideas from the educative features foregrounding evidence-based claims. Ms. Chagall

provided many comments on the students’ observations and predictions with some referencing

characteristics of high-quality scientific observations and predictions that were only described in

the educative features.

Discussion

With the new reforms in science education (ACARA, 2013; NGSS Lead States, 2013; NRC,

2012; United Kingdom Department for Education, 2014), many in the science education

community are searching for new ways to support teachers. The current study demonstrates how

educative curriculummaterials can be used as one tool (Ball & Cohen, 1996; Brown, 2009; Davis

& Krajcik, 2005) to support teachers’ learning and science instruction that incorporates the

science practices outlined in those reforms.

Ms. Chagall and Ms. Campbell engaged in a participatory relationship with the educative

curriculum materials (Remillard, 2005). The ideas only presented in the educative features (e.g.,

characteristics of high-quality scientific observations, the need for a justificationwith predictions)

seem to have influenced the teachers’ instruction and their use of the educative features with their

students (Beyer & Davis, 2009; Brown, 2009; Forbes & Davis, 2010; Remillard, 2005;

Stylianides, 2007). Similarly, the teachers’ beliefs and perceptions may have influenced how they

read and interpreted the ideas in the educative features (Charalambous &Hill, 2012; Remillard &

Bryans, 2004). For example,Ms. Campbell did not find the educative features particularly helpful,

possibly due to her general comfort teaching science and using inquiry-based science curriculum

materials, and we saw less uptake of some ideas from the educative features in Ms. Campbell’s

class. The current study thus begins to connect the dots in how written curriculum materials can

influence the intended and enacted curriculum,which, in turn, affects student learning.

We used tracers (Duncan & Frymier, 1967) as design elements within the educative features

and analytic tools during the analysis of the educative features and student work. This allowed us

to follow from the educative features through to the student work, in order to assess the teachers’

possible uptake of the ideas presented in the educative features. As a result, wewere able to test our

design conjectures about how educative curriculum materials can promote teacher learning and

thus change in classrooms (Sandoval, 2014). In order to be responsive to teachers’ varying

relationships with curriculum materials (Charalambous & Hill, 2012; Davis et al., 2014;

Remillard, 2005; Remillard & Bryans, 2004; Zangori et al., 2013) the educative features were

designed to support each of the science practices in different ways (Davis et al., 2014). We

included expository features to support teachers’ general understanding and use of the science

practices throughout their teaching practice, as compared to narratives, which were intended to

serve as lesson-specific guides for how teachers may incorporate the practices into and adapt their

lessons (Beyer &Davis, 2009). Rubrics are embedded in teachers’ practice (Ball & Cohen, 1999)

and, in our materials, were intended to provide the teacher with an illustration of how students

have engaged with the science practices in other classrooms, as well as how a teacher may

comment on studentwork.

Our findings indicated that the student work showed evidence of teachers’ uptake of the

rubrics and narratives much more than the other forms of support; directly situated in teachers’

practice, these educative features seemed most powerful in helping teachers adopt new ideas that

could directly impact their practice. The expository features (most notably, the Practice Overview

pages), intended mainly to help teachers add new, somewhat more abstract ideas about the nature

of the scientific practice, appeared less salient for teachers. That said, each of the educative

features served a unique purpose in our design; each was constructed to include student work

Journal of Research in Science Teaching

TEACHER UPTAKE OF EDUCATIVE CURRICULUM MATERIALS 839



tracers for the purpose of studying their impact on themediating processes evident in the teachers’

practice, student work, and teachers’ comments on the student work; and we saw evidence of

teachers taking up each type of educative feature in the students’work.

We turn next to an exploration of how these educative features were useful in supporting

teachers and students in each of the science practices of focus in this study.

Nature of the Educative Features and Their Uptake by Teachers: Observations

Making and recording high-quality scientific observations can be a complex science practice

due to the disciplinary knowledge necessary to productively engage in the practice (Akerson &

Donnelly, 2009; Eberbach & Crowley, 2009; Ford, 2005). This science practice, however, seems

to be relatively straightforward to incorporate into the science instruction when teachers are

given support for what the practice is and how to engage their students in making and

recording scientific observations (Arias et al., 2012; Davis & Krajcik, 2005). There were four

types of educative features designed to foreground scientific observations (a Practice Overview

page, in-lesson expository text, reminder boxes, and a rubric), which were provided across two

lessons. We expected that the teachers would take up the ideas from the educative features

foregrounding scientific observations. Indeed, some uptake was apparent from Ms. Chagall’s

comments relating to the characteristics of high-quality scientific observations and the students’

productive engagement with this practice in both classes. The finding that only one teacher

commented, fairly extensively, on the student work aligns with the literature that suggests that

teachers vary in how they use curriculum materials (Bismack et al., 2014; Charalambous & Hill,

2012; Remillard & Bryans, 2004; Zangori et al., 2013) and in some classrooms, reform agendas

are not taken up as expected or hoped, due to the realities of classroom contexts (Kennedy, 1997,

2004).

In comparison, wewere surprised by both teachers’ use of the rubric, and a chart about series

and parallel circuits, directly with their students. We know that rubrics are deeply situated in

teachers’ practice (Ball & Cohen, 1999) and we intended to use this common tool to support

teachers’ understanding of how to assess and respond to students’ scientific observations and

evidence-based claims. Though the rubrics were designed to support the teachers’ understanding,

both Ms. Chagall and Ms. Campbell chose to use the rubric for drawn scientific observations

directly with their students—an unexpected, yet productive, adaptation. We speculate that, since

rubrics are often used directly with students to guide and assess their work, the teachers used the

rubric in a way that reflects their typical teaching practice. Based on these findings, we would

recommend that educative curriculum materials foregrounding scientific observations be

designed as pedagogical tools that not only support teachers’ understanding of what the practice

entails, why students should make and record observations, and how to engage their students in

this science practice, but can also be used and adapted by teachers in their instruction.

Nature of the Educative Features and Their Uptake by Teachers: Predictions

Four educative features (narrative, a Practice Overview page, in-lesson expository text, and

reminder boxes) located in four different lessons emphasized the need for a prediction to include a

reasonable claimwith an aligned, logical justification supporting that claim. This science practice

is important in that it can serve as an entr�ee into scientific argumentation (Arias et al., 2014;Duschl

&Osborne, 2002) and should be supported as such. However, scientific prediction-making can be

challenging because it requires justifying a claim (McNeill & Krajcik, 2007; Sandoval &

Millwood, 2005) and differs from predictions in language arts disciplines, which are common in

elementary classrooms (Casteel & Isom, 1994). For these reasons, and the need to support

elementary teachers’ and students’ engagement with scientific predictions, the educative features
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were purposefully designed to include both expository and narrative educative features due to

research indicating that teachers use these features differently (Beyer&Davis, 2009).

Our findings supported those fromBeyer andDavis (2009) in thatMs. Chagall expressed how

useful she found the educative features, particularly the narrative foregrounding scientific

predictions. Ms. Chagall mentioned during an interview that she, “just read what [Ms. Carter—

fictional teacher] did and then [she] would tweak it for [herself]” (Chagall, Interview 3, 134–140).

Also, Ms. Chagall’s comments on the student work frequently referenced the need for a

justificationwith the predictions, whichwasmentioned in avariety of educative features including

the narratives. Ms. Campbell, on the other hand, did not find the educative features very helpful,

which supports Smylie’s (1995) findings that some teachers choose to dismiss information if they

do not see its relevance. For example, Ms. Campbell mentioned in an interview that the narratives

were, “a little extra help, but. . .at the same time, you can do the lesson without them” (Campbell,

Interview 2 630–638). Ms. Campbell also expressed more comfort with the topic of electric

circuits and had taught a similar inquiry-based science unit the previous year, thereby potentially

increasing her comfort levelwith the unit and decreasing her reliance on the curriculummaterials.

Ms. Chagall, on the other hand, had expressed initial concerns with teaching physical science; this

may explain why she demonstrated more potential uptake of the educative features and expressed

more positive reactions to them.

Though Lee and Butler (2003) found that early middle school students are capable of making

scientific predictions, the current study emphasizes elementary students’ capabilities with

justifying scientific predictions.Unexpectedly, the students struggledmostwith providing logical,

aligned justifications and Ms. Chagall never commented on the student work regarding the need

for justifications to be logical and aligned. It is possible that the need for a justificationwith a claim

when writing a scientific prediction varies in itself from the common “best guess” emphasis in

typical elementary science classrooms.A focus on justifying high-quality predictionsmay need to

be further supported in the educative features including the possible addition of sample student

written predictions—in the form of a rubric—highlighting each of the characteristics of high-

quality predictions (as was useful for Ms. Chagall with the scientific practice of observation,

discussed above). As for Ms. Campbell, it is difficult to determine her uptake of the ideas in the

educative features foregrounding scientific predictions. Her students drew their predictions

(which were not coded due to the difficulty in distinguishing these from the observations) and she

did not comment on any student work—most likely due to her many responsibilities in the school

(Kennedy 1997, 2004).

Based on how Ms. Chagall took up the characteristics of high-quality scientific predictions

andhow she engagedher students in this important science practice,we recommend that educative

features foregrounding scientific predictions frequently and explicitly emphasize the character-

istics of a justification thatwould support a high-quality scientific prediction.

Nature of the Educative Features and Their Uptake by Teachers: Evidence-Based Claims

When considering the complexity of constructing scientific explanations (Braaten &

Windschitl, 2011) and the challenges students and teachers face when engaging in making and

recording evidence-based claims (McNeill, 2009, 2011; McNeill & Krajcik, 2007, 2009; Ruiz-

Primo et al., 2010; Songer&Gotwals, 2012; Zangori et al., 2013; Zembal-Saul et al., 2012), it was

important that the design of the educative features include thorough and regular supports for

teachers in what the practice is, why students should make evidence-based claims, and how to

support students in such a complex science practice (Davis et al., 2014; Davis & Krajcik, 2005).

There were five types of educative features foregrounding evidence-based claims that were

extended across four lessons. Though making evidence-based claims was supported in the
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educative features more than any other science practice, the teachers took up this practice much

less, as evidenced by the limited attention to this practice during their enactments (Arias et al.,

2013) as well as the presence of few evidence-based claims in the student work. However, we did

not anticipate how little the teachers, and therefore the students, would take up the characteristics

of high-quality evidence-based claims. ThoughMs.Campbell did use a prompt from the educative

features to guide her students in writing evidence-based claims, her students wrote few evidence-

based claims. The students particularly struggled with including evidence for their claims, which

is consistent with other work documenting the increased difficulty of gathering relevant, sufficient

evidence for evidence-based claims compared to just the claim itself (Gotwals & Songer, 2013;

Sandoval, 2003). When students did include evidence, it was often not sufficient to support the

claim. In contrast, Ms. Chagall did not have her students write any evidence-based claims and did

not directly discuss this science practicewith her students (Arias et al., 2013). She alsomentioned,

during her interviews, her uncertainty with this science practice in comparison to observation and

prediction.

Due to the importance of evidence-based claims (Osborne et al., 2004; Zembal-Saul et al.,

2012), the limited attention and take up from the educative features by the teachers, the struggles

of the students, and how atypical this practice is inAmerican schools, further research is needed to

understand how educative curriculum materials can better support teachers’ and students’

engagement with evidence-based claims. Curriculum materials can be used as a tool to support

teachers’ learning and instruction (Ball&Cohen, 1996;Brown, 2009;Davis&Krajcik, 2005), but

theymay need to be coupledwith effective, ongoing professional development in order to develop

ambitious, productive science instruction (e.g., Collopy, 2003; NRC, 2007, 2012; Schneider,

Krajcik,&Blumenfeld, 2005).

Implications and Conclusion

The current study holds implications for curriculum developers and professional develop-

ment designers who seek to identify further ways to support teachers’ science instruction that

reflects the integration of science practices (NRC, 2012). Curriculum designers can use the

information about how educative curriculum materials are used by teachers to inform the

development of curriculum materials that can better support teachers’ understanding and

enactment of reform-oriented science instruction that foregrounds science practices. Particularly,

the curriculum materials should include the following: (1) what the science practice is;

(2) rationales for why teachers should engage their students in the science practices; and

(3) suggestions for how to engage students in that practice, including characteristics of high-

quality engagement in the practice (Davis &Krajcik, 2005). Furthermore, a preponderance of the

educative features should be directly situated in the teachers’ practice. This last point implies the

need for extensive pilot work that can generate the substance for such educative features; our

narratives and rubrics were developed out of such pilot work (Davis et al., 2014), and this gave

credibility to the sample student work and recommended teaching practices embedded in the

educative features.

Science educators are searching for ways of supporting teachers in understanding and

incorporating science reforms in their instruction, with the intent of improving student learning.

Curriculummaterials are one method of influencing teachers’ practice (Ball & Cohen, 1996) and

educative curriculum materials (Davis & Krajcik, 2005; Schneider & Krajcik, 2002), more

specifically, can be used to support teachers’ understanding and integration of science practices,

disciplinary core ideas, and crosscutting concepts in their science instruction. The current study

has identified teachers’ use of educative features found in educative curriculummaterials and thus

begins to fill the gap in the literature with regard to how the written curriculum, intended
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curriculum, and enacted curriculum can affect student learning (Stein et al., 2007). Though the

current study is only one step, it suggests the potential that educative curriculummaterials hold for

supporting teachers to include science practices in their science instruction—and thus influence

students’ opportunities to learn.

We thank all of the members of the ELECTS research group for their collaboration on this

study, through their help in interpreting and analyzing the data, as well as providing

insightful feedback. Wewould especially like to thank the teachers who participated in this

study for their willingness to let us observe their teaching, interview them, and use work

from their students, aswell as the students themselves.

Endnotes
1
The quasi-experimental study involved studying 50 teachers who were divided into

comparison and treatment groupswhere the comparison group taught the original STCcurriculum

materials and the treatment group taught the enhanced STC curriculum materials. Teachers and

students both took pre- and post-assessments regarding their understanding of science practices

and content. There was also a small subset of teachers who participated in case studies of their

teaching practices and uses of the educative curriculum materials. The current study focuses on a

pilot study conducted prior to the larger quasi-experimental study.
2
Ms. Campbell had her students draw predictions instead of write them. These were difficult

to distinguish from drawn observations, so they were not coded. Ms. Campbell also did not

encourage her students to justify their predictions (Arias et al., 2013).
3
Due to time constraints—as Ms. Campbell mentioned during her interviews—writing

comments on the students’ work was not a regular part of her teaching practice. The rubrics in the

educative features, which provided sample teacher comments on student work, were used byMs.

Campbell as tools to inform her students of what to include in their work, but not for writing her

own comments.
4
Ms. Campbell’s students each drew two or three observations for Lesson 2, which is why the

number of drawnobservations is somuch higher than the total number of students.
5
Ms. Campbell prompted the students to draw predictions in Lesson 4 only. However, these

were not coded, due to the difficulty in distinguishing the drawn predictions from the drawn

observations.
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