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Curriculum and Instruction

This study examined the learning, practice, aadstbom communities of five beginning
secondary science teachers for one school yearailying degrees, the participants attempted to
enact ambitious practice, a framework for instauctiocused on providing students with
opportunities to engage in rigorous and responsti@nce activity. The purpose of the study was
twofold. First, this study investigated the res@srbeginning teachers recognized, generated,
and used to shape and learn from practice. Setoisdstudy examined the epistemic classroom
community and science practice negotiated betweeparticipants and their students. By
analyzing teacher and student interactions in ssot@m context, this study filled important gaps
in the field’s understanding of teacher learning alassroom communities as spaces for
students to engage in authentic science practhis.study pursued answers to two groups of

guiding questions:
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e What resources for instruction do beginning teashecognize, generate, and use in their
school contexts? How do beginning teachers’ difigrise of resources shape their
particular trajectories of practice and professideaning?

e How and why is science framed as a “public” or Vpte” practice? Over time, how and
why does the public or private framing of scientéuence actors’ (teachers, students)
participation in the epistemic work in classroomacgs? How do teachers and students
negotiate “what counts” as a science idea in ab@ssrspaces? How is value assigned to
science ideas and by whom? How do teachers andrgtudiork on science ideas over
time given the kind of epistemic community they oikgfe?

Using a situative framework, this study traced dmeginning teacher learning and the
negotiation of their classrooms as epistemic comti@sover time. Analysis of discourse during
classroom interactions, artifacts created by paditts and students, and interviews with
participants afforded insights into how and why ices learned from practice using resources,
and how their classroom communities supportedqdati kinds of opportunities for students to

participate in authentic science activities.
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Introduction

This dissertation is an attempt to address a damhingzage of teaching in American
science classrooms, of which the primary activgtam individual’s delivery of subject matter
information to students (Papert, 1993; Saywer, 2008e norm of “teacher dominated”
instruction appears in large-scale observationaliss in American classrooms, which note,
“teacher discourse, textbook based lessons, aretage [are] the main curricular principles”
shaping instruction (Sykes, Bird, & Kennedy, 2000465). In many science classrooms,
“teacher dominated” instruction focuses on the detign of numerous activities rather than
sense making, rarely takes into account student®’ knowledge, seldom presses for
explanations, and treats students’ ideas as inoengwith canonical science (Alexander,
Osborn, & Phillips, 2000; Banilower, Smith, Wei8sPasley, 2006; Barton & Tan, 2009;
Horizon Research International, 2003; Maskiewic¥Vénters, 2012; Roth & Garnier, 2007;
Weiss, Banilower, McMahon, & Smith, 2001; NRC, 20Warren, Ballenger, Ogonowski,
Rosebery, & Hudicourt-Barnes, 2001;Warren & RosgbE995).

To move beyond the teacher-dominated frameworkastracience classroom instruction,
| turned to researchers who redefined “what couirdedeaching and learning. For example,
Smylie and Wenzel (2006) constructed a report farave Chicago’s public schools, noting that
“intellectually ambitious instruction” — teachinigat fostered deep student learning — changed
the role of the teacher from information deliveygtem to facilitating students’ authentic work
in a discipline. Recent studies from mathematits;dture, and science education have
continued the work of Smylie and Wenzel (2006)mirg the teaching profession around

ambitious practiceTeachers enacting ambitious practice supporesiistlleaning across ethnic,



racial, class, and gender categories while scaffgltheir legitimate participation in the
conceptual, epistemic, social, and material prases$ science. A key feature of ambitious
instruction is that teachers’ work is guided bgpartoire of instructional practices that enable
them toadapt and innovate pedagogical routines and toolsieet students’ emerging needs
(Ball & Forzani, 2011; Ball, Sleep, Boerst, & Ba809; Duschl, 2008; Kazemi, Franke, &
Lampert, 2009; Lampert & Graziani, 2009)

In this dissertation, | wanted to better understamibitious practice through two lenses.
First, | examined how beginning teachers try out larn from attempts at ambitious practice.
Specifically, | followed five novices as they naaigd the tensions, challenges, and dilemmas
that arose when attempting to enact ambitious jgeethen such instruction did not align with
their school’s norms, valued practices, and expiectafor science teaching. Second, | wanted
to add to a growing body of research that demotestnahy ambitious instruction could provide
students with opportunities to learn science thholegitimate participation in disciplinary
practices.

My study can hopefully inform literature on teackesrning, teacher education,
instructional leadership, and professional develepnby illuminating aspects of how and why
beginning teachers make decisions about instruatjomorities, and the outcomes those
decisions have on students’ opportunities to lsarance (Grossman & McDonald, 2008;
Lampert, et al., 2011). | hope to contribute t@ tiieory-building effort by seeking answers to
the following groups questions:

1) What resources for instruction do beginning beas recognize, generate, and use in their
school contexts? How do beginning teachers’ difiggse of resources shape their particular

trajectories of practice and professional learning?



2) How is science framed as a “public” or “privaggactice? Over time, how and why does the
public or private framing of science influence astdteachers, students) participation in the
epistemic work in classroom spaces? How do tea@metstudents negotiate “what counts” as a
science idea in classroom spaces? How is valugresbio science ideas and by whom? How do
teachers and students work on science ideas onergiven the kind of epistemic community
they negotiate?

Summary of Study Design

In this qualitative multi-case study, | investightevo aspects of ambitious practice that
are undertheorized in science education literateirst, | examined the resources that beginning
teachers recognized, generated, and used to shdpeaan from practice over time. Second, |
investigated the classroom epistemic communitysanehce practice negotiated between the
participants and their students over time.

Findings from this study were drawn from four diffat data sources. First, | engaged in
requested or informal planning communication widiitigipants. For example, a participant
emailed me and asked if | could review a test shepared for her students. As I discussed
practice with the participants, | both collectetifacts and recorded conversations for
transcription and coding. Second, observed paditgpduring their first year of instruction. |
conducted observations of each participant dutinget timeframes throughout the 2011-2012
school year: October, 2011, January — April 2012, llay/June, 2012. The purpose of the
observations was to observe the development ohézdearning and science activity over time.
Third, | conducted three types of semi-structurgdriview: A unit interview with a resource
card sort, a reflection on the first year teachanmgj a personal epistemology of science interview.

A semi-structured approach allowed me to adapptbtcol to probe participants’ comments,



ideas, and theories about practice while still s@olion the overall goal of a one-hour interview.
Finally, | collected data from participants at msdional development sessions called Critical
Friends Groups (CFGs). The purpose of the CFGdavdke participants to share puzzles of
practice that were focused on student thinkinglaathing.

This study constructs a picture of beginning saeteacher learning and classroom
science practice across one school year to betteratand how contextual features, such as
resources and students’ science ideas, shape sowisguctional decisions and their
participation in the classroom epistemic community.

Synopsis

This dissertation consists of three essays writteéhe style of stand-alone sections. As
such the reader may find areas where concepts\ame ghorter treatment in one section but
more elaborated treatment in another section. Timanealso be some redundancy as ideas from
one section are summarized in another section. &4y gith this dissertation was to explore
different aspects of my data and write about thesdifferent audiences ranging from teacher
leaders or teacher educators looking for inforrmaéibout supporting teacher learning through
resources, to researchers specific to science gdndaoking to advance scholarship on science
teaching and learning, to an audience within thecational research community looking to
explore methodological issues concerning reseandeachers and pedagogy. Your flexibility
as a reader — who may or may not be a member obfaityese audiences — is greatly appreciated.
The structure of the dissertation is as follows:

Section 1: Beginning science teachers’ use of nessuto shape and learn from practice
In this section, | discuss how teachers recognigederated, and used resources to shape

and learn from practice during one school yearcBpelly, | examined how novice teachers



navigated tensions about the role resources sipbaycto support ambitious practice or more
conservative forms of science teaching. While attipipants in this study recognized and used
the same resources to shape instruction, inclustudents’ science ideas, how the novices used
resources over time provided them with differemids of opportunities to learn from practice.
This study provided insight into how teachers wbadily enacted ambitious practice learned
differently than teachers who frequently engagechare conservative forms of science teaching.
Section 2: Examining secondary science classro@epetemic communities fostering science-
as-practice

In this section, | examined how teachers enacmbitious practice provided
opportunities for students to learn science-astpe@droviding students with such learning
opportunities required different forms of instractirather than the “inquiry” or “hands on”
approaches in many classrooms, which feature temalsehe sole authority of knowledge. Since
the field of science education understands litheus students’ roles and ideas in shaping
classroom activity (see Minstrell, 1982; Warremle2001 for examples), | investigated how
teachers and students negotiated epistemic claasrommunities as students took up the role of
epistemic agents. The ideas of epistemic commuratnel epistemic agency come from Science,
Technology, and Society (STS) studies and the Histod Philosophy of Science (HPS)
literature. These fields have converged on sinmleas about how science practice is negotiated
between actors with and without power. | examiriedd aspects of epistemic communities in
classrooms that relate to students’ learning oppdres: The distribution of cognitive authority,
the geography of science ideas, and whether scismpresented as an individual or community-

driven practice.



Section 3Theoretical, methodological, and practical consatéyns for practice-based teacher
education and research

In this essay, | reflect on both the literature angdexperiences as a researcher studying
how beginning teachers learned from attempts aitaoub practice. Based on my work, | argue
that redefining the teaching profession around #ous practice has four implications for
research that could be done with regards to beginteiachers. First, the timescale for studying
beginning teacher learning from practice needxteral in order to see their “fits and starts”
across contexts and over time. Second, beginnaghé&rs may try out different “grain sizes” of
practices, from “elemental” moment-by-moment talév@s to larger planning and instructing
routines. Researchers need to theorize about #ie gjze of practice they are studying when
examining the talk, tasks, and tools at play indlassroom. Third, beginning teachers constantly
experiment with practices in order to be respontuvieir students. Researchers need to ask
about and pay attention to what novices experimahtand why. Fourth, many studies of
beginning teachers use binary language to charaeteovices’ learning and practice: for
example, teachers are “ambitious™conservative”, “effective’or “ineffective”, haveor do not
have subject matter knowledge. Researchers ndsetter tell the complex stories of beginning
teachers’ learning and practice as the novices re@kge of a variety of competing messages

about “what counts” as instruction in their schoohtexts.



SECTION 1

Beginning science teachers’ use of resources to pleaand learn from practice

Beginning teachers learn their practice in a vgredétcontexts, including teacher
preparation courses, early field experiences imalsh and internships (Cobb, Zhao, & Dean,
2009; Grossman, Hammerness, & McDonald, 2009; 2eic2010). In each setting, beginning
teachers interact with the actors, materials, asibiic expectations for teaching and learning
(i.e., the instructional cultural scripts, see SyKegird, & Kennedy, 2010). Rarely however, do
settings share a common language of practice @mi@wof teaching to act as anchors for
supporting beginning teacher learning (Edwardsp2@rossman et al., 2009bb; Kennedy, 2010;
Putnam & Borko, 2000; Sykes et al., 2010). Thersfapvices often experience tensions when
learning to teach as they try to make sense of etingpmessages about “what counts” as
practice in their varied contexts (Gainsburg, 20@&ssman & McDonald, 2008; Wilson &
Berne, 1999; Zeichner, 2010).

One possible area for accord is to provide nowads opportunities to use and learn
from a similar suite ofesourcesacross contexts. Resources are physical and ictigdlle
commodities that teachers recognize, generateysatb solve problems of practice. Resources
can beconventionalnd provided to teachers (e.g., books, facilitiese, and planning tools),
socialand emerge from teachers’ interactions with offeaple(e.g., students’ knowledge that is
elicited in the classroom, peers’ stories of prgtiools generated by colleagues to address
problems of practice), andtellectualthat change over tim.g., teachers’ evolving
understanding of subject matter and pedagogy, pduakframeworks for teaching) (Cohen et

al., 2002; Lampert et al., 2011).



While resources are central to teachers’ learnmijaofessional work, researchers often
make an assumption that if beginning teachers bppertunities to use and learn from similar
sets of resources, they will recognize them asdatianal for making instructional decisions to
solve problems of practice regardless of where thagh (Gainsburg, 2012). However, different
contexts often provide varied messages to noviceatehow similar sets of resourcasould be
usedto shape and learn from practice (Lampert et @lL,12 Thompson et al., 2013). Therefore,
how and why novices learn from practice using reseaicould depend on where they teach and
how they how they make sense of varied instructierpectations in a setting.

Problem Framing

This study describes how and why five beginningadary science teachers used
resources to shape and learn from practice dulnieig first year teaching. In their preservice
setting, the course instructors told the five pgoéints that resources should suppanbitious
practice— an instructional framework that supports stustdeining across ethnic, racial, class,
and gender categories while scaffolding their legite participation in the conceptual, epistemic,
social, and material processes of a disciplinel @&orzani, 2011; Ball, Sleep, Boerst, & Bass,
2009; Duschl, 2008; Kazemi, Franke, & Lampert, 20QG8nmpert & Graziani, 2009). The
beginning teachers’ school contexts, however, ptethsimilar sets of resources as supports for
more conservative forms of teaching, the primatywag of which is an individual teacher’s
delivery of subject matter information to studefRapert, 1993; Saywer, 2008). The five
participants thus encountered different messagestdiow and why they should use a similar
set of resources to learn from and shape practice.

Research questions



In this study, | use a multi-case approach anduatve theoretical framework to study
five beginning teachers’ learning during theirtfiyear of teaching in a school that promoted
resources as important for conservative forms aftore. | defined learning as teachers’
changing participation in teaching activities (plang, instructing, and reflecting) over time.
Understanding how and why beginning teachers ussalirces to learn from and shape practice
required insight into two features of teachersiigag — their pedagogical reasoning and critical
discourses. Pedagogical reasoning describes tlsegoential instructional decisions teachers
make about student learning (Horn, 2007; Horn & &&012; Lampert et al., 2011; Thompson
et al., 2013). Critical discourses describe anviddial’'s developing personal theories about
“what counts” as productive teaching and learniflgres, 2006; Rex & Nelson, 2004).

Specifically, | asked:

¢ What resources for instruction do beginning teashecognize, generate, and use in their
school contexts?
e How do beginning teachers’ differing use of researshape their particular trajectories
of practice and professional learning?
Background

In this section, | theorize about the idea of resesi that could support beginning teacher
learning. Next, | give examples of research thatifoon teacher learning and resource use in
mathematics education, and discuss how such ideasdertheorized in science education.
Finally, | describe the situative theory framewotse to study how and why beginning teachers
recognize, generate, and resources them to leamgractice.

Defining resources and their importance for teaclearning



| use a sociocultural perspective to define resssiend describe their importance for
beginning teacher learning. Resources are phyamghintellectual commodities that teachers
recognize, generate, and use to solve problemsaofipe. By using resources, teachers engage
in complex forms of intellectual activity that migbtherwise be too difficult without some form
of assistance. Central to understanding how andtedwhers use resources is the concept of
mediation—the idea that resources function “betWwemnndividual practitioner and the
accomplishment of a complex task. Resources thalslemovices to leverage, organize, and use
various contextual features to complete valuedgybgoff, 2003: Wenger, 1998).

Teachers do not use resources absent of a coAtet¢achers use resources in their
school, the community reciprocally re-shapes tlseueces and their function to better serve
valued goals (Cole & Engestrom, 1993). This in@ydletween how teachers use resources and
how the school shapes resources can lead to lgaemnsions for beginning teachers as they try
to solve problems of practice over time in thestractional context.

Support for teachers in the form of resources tsnew to teacher learning research or
instructional reform efforts. Historically, studiesim thatconventionatesources, such as
money, facilities, books, and time play an importate in the kinds of instructional decisions
teachers make. Such resources are typically pravmésachers by other actors in the
institutional system — a department chair, methosisuctor, principal, or school district (Cohen
et al., 2002). Another form of suppastcialresourcesemerge from teachers’ interactions with
other actors and are deployed when planning, ictigy and reflecting. Such resources include
students’ knowledge and discourses, as well as teaehers’ stories of practice. A third form of
resource support could include teacher&llectualresources — their science knowledge for

teaching (an understanding of content, how it sasented, how to best to teach it to their
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students), and conceptual frameworks for teachimg\{ision of instruction and pedagogical
infrastructure teachers use to plan, enact, amekctedn practice) (Cohen et al., 2002).
Intellectual resources evolve over time as novieasn more about their subject matter and
pedagogy through interactions with students.

Research about resources and teacher practice

Studies of teacher learning often describe howtpi@wers use, or “misuse”
conventional, social, and intellectual resourceg (Sohen et al., 2002; Lampert et al., 2011). In
mathematics education, for example, Gainsburg (P8d2marizes research focusing on
characteristics of individual mathematics teachieas influence why they may or may not
recognize and use resources. These charactemstiode the “amount” of teachers’ subject
matter and pedagogical knowledge, teachers’ vandgyoals and their congruence with the
culture promoting particular resources, and tealmliefs about the purpose of resources and
their use. Gainsburg notes that such studies hatveraduced a substantive theory as to why
individuals use resources in particular ways. Tloeeg she advocated for studying teacher
actions by looking at how they navigate tensioraualbeaching and learning across learning
contexts. Like Gainsburg, | argue that placing oesibility solely on beginning teachers for
using resources does not consider how contextatlres support, or discourage, novices’
learning.

Other researchers focus on how an entire departoieé@achers used resources to
support ambitious practice. For example, Lampeal.g011) note that the prevailing use of
resources occurs across three teaching activitias italian language school: 1) planning: i.e.,
how teachers prepare for practice; 2) instructi@n,; what teachers do in interaction with subject

matter and diverse students across time; 3) réfleate., how teachers think about, talk about,
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learn from, evaluate and capture their insightauabtudents. How teachers use resources during
each of these activities are shaped by their s&heision of “what counts” as teaching and
learning. Lampert et al. (2011) argue that wheah®sl promotes ambitious instruction as the
foundation for teachers’ work, individual practitiers and departments’ use of resources to learn
and shape future instruction is informed by pedagdgrinciples focused on students’
intellectual and pedagogical needs.

While teachers’ use of resources to shape and femmpractice has been a topic of
interest in mathematics education, such work issuheorized in science education. Typically,
research in science education mirrors mathematigsagion: science teachers seem more
“successful” if they have access to conventionadjad, and intellectual resources (Abell, 2007;
Avraamidou & Zembal-Saul, 2010; Gess-Newsome, 18#%s-Newsome & Lederman, 1995;
Hashweh, 1987; Luft & Roehrig. 2007; Magnusson .etl&99; Maskiewicz and Winters, 2012;
May, Hammer, & Roy, 2006; Nilsson, 2008; Nilssorv&n Driel, 2010; van Driel et al., 1998;
van Driel et al., 2002). However, recent reseancécience education demonstrates both that
teachers use a broader range of resources thaloysBvimagined, and that the field does not
understandhow beginners use resources to shape and learn fractiqe (Windschitl et al.,

2012).

One example of a resource that all teachers usés yadertheorized in the literature, are
students’ science ideas. The recognition of stigdentence ideas as a resource emerges from
research demonstrating that students enter schttobwnultitude of ideas about the world from
their everyday experiences that can emerge duangus classroom activities (Donovan &
Bransford, 2005; NRC, 2007). Frequently, studieselthat novices treat students’ ideas as

“misconceptions”, believing that their role as thstructor is to replace students’ “incorrect”
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information with canonical knowledge (Abell, 200%).such cases, teachers devise instructional
strategies to better deliver information to studd®awyer, 2008).

Other teachers frame students’ ideas as resowdester deeper and more meaningful
science learning opportunities for the class aedrbtructor (Larkin, 2012; Lehrer, R., &
Schauble, L., 2001; Levin, Grant, & Hammer, 2012nsfrell, 1982; Scott, Asoko, &Leach,
2007). Cohen et al. (2002, p. 92) explain:

“Students that have learned to reflect on theiagddéisten carefully, and
express themselves clearly are likely to be betsers of materials,
teachers and other contributions. They are alsito make it easier for
other students and teachers to use their ideas.gtladents and teachers
organize their interactions also shapes resoureeStadents and teachers
whose classroom cultures support the respectfukessmpn, explanation,
and scrutiny of ideas are likely to generate maable material for
instruction, and thus to have more resources tahaseclassrooms in
which conventional lecture and recitation are the.t

Two examples of using students’ science ideassairees for learning stand out in
science education research. First, Minstrell cotetlia series of self-studies in which he
examined how student thinking shaped his own phaysidence instruction. Minstrell argued
that the role of teacher was to learn from studleinking and let their ideas drive both in-the-
moment discourse and the trajectory of the unin@itell & Kraus, 2005). He found that when
he provided students with continual opportunit@gtblically test and revise their ideas, they
learned complex concepts. A second example coraastite Cheche Konnen Project. This

longitudinal research program involved teacherssindents from grades K through 12 working
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towards fostering sense-making of science ideasithr inquiry and argumentation in
classrooms with culturally, linguistically, and sm&conomically diverse populations. Chéche
Konnen Project teachers used students’ intellectudtiural, and linguistic resources to center
the class’ scientific inquiry on questions and piraena that arise from students’ lived
experiences using the community’s sense-makingpdrses (Warren & Rosebery, 1995).

Both Minstrell and the Chéche Konnen Project illatst how teachers can use students’
science ideas as resources to support ambitioagigeaRather than hear students’ ideas as
“misconceptions” and adapting information delivesychange the “incorrect” thoughts, a
teacher’s role is to orchestrate scientific sena&ing in the classroom by helping students think
through scientific practice using their ideas ardegiences (Warren et al., 2001; Warren &
Rosebery, 1995). To do so, teachers must constauatke instructional adaptations based on
students’ evolving disciplinary understanding, asing their ideas as “misconceptions.” While
most science teachers likely use students’ ideas,and why they ugbose ideas could vary
greatly. Therefore, | pay particularly close atiemtto how and why teachers use students’
science ideas as a resource in this study.

Theoretical framework: Reframing teacher learninghveituative theory

| use situative theory to address the complexitgxamining how and why teachers
recognize, generate, and use resources to leampractice. Situative theory is a hybrid
analytical lens framing individuals’ learning thghutheir participation in activities that occur
through interactions with actors, tools, and inittnal cultural scripts (Greeno, 2006; Peressini,
Borko, Romagnano, Knuth, & Willis, 2004; Putnam &rko, 2000; Sykes et al., 2010). This
perspective on teacher learning helps refocus reses’ analytical lens to, as Peressini et al.

(2004) propose, “guide our decisions about dataliect” and to offer a way of disentangling -

14



without isolating - the complex contributions oée various contexts to novice teachers'
development” (p. 71). In other words, a situatieegpective helps researchers make sense of
why beginning teachers’ learning differs as thekensense of the varied norms and
expectations for participation across contexts (3ateh, 2000; Fairbanks, Duffy, Faircloth, He,
Levin, Rohr, & Stein, 2010; Peressini et al., 20@dtnam & Borko, 2000).

Using situative theory, | define learning as anvialial’'s changing participation in teaching
practice — planning, instructing in-the-moment, aafection — over tim¢Greeno, 2006; Rogoff,
2003). Note that in the situative view, practicedsconstructed by teachemsd students; in other
words, teachers and students, through their irtters¢ shape learning opportunities and
instructional practice in their classroom over tithés important to note that since ambitious and
conservative forms of teaching differ about whatnte as practice, the frameworks also disagree
about what, how, and why beginning teaclséiculdlearn over time. Ambitious practice implies
generative learning €onstantly using resources to adapt instructidootb support students’
disciplinary thinking and to enable opportunitiesihearth students’ emerging and changing ideas
(Franke, Carpenter, Levi, Fennema, 2001). Instnidi practices, however, assume teacher learning
involves using resources to make increasinglyiefftdnstructional decisions to better deliver
subject matter information to students. From a nooreservative perspective, students’
disciplinary ideas are treated as “correct” or ‘ooisceptions” that teachers can learn about and
fix over time (Papert, 1993; Saywer, 2008).

One reason | use a situative perspective and gasedarning is to problematize an
acquisition model of teacher learning in which fgag more” intellectual resources, such as content
and pedagogical knowledge, results in teachersngaketter” instructional decisions (see Carlsen,

1999; Sawyer, 2008). Hill et al. (2008), researstisym mathematics education, categorize such
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literature asffordanceanddeficit studies. Affordance studies examine what “highvidedge”
teachers could do when planning, teaching, andatifig that “low-knowledge” teachers cannot
accomplish. For example, high-knowledge teachers Wetter able to work on students’
misconceptions and stimulate their reasoning (seaford, 2007; Nilsson & van Driel, 2010).
Deficit studies examine the low quality of plannitgaching, and reflection when teachers
lacked “adequate amounts” of content and pedagbigncavledge. Researchers often note that
low-knowledge teachers were more likely to relytextbooks, teach incorrect information, and
have reduced student achievement (see Carlsen;, E83%-Newsome & Lederman, 1995; Lee,
1995).

Such studies also suggest that researchers caradoneptalize teacher learning into
separate time segments: looking for the earlies & teacher “has” content and pedagogical
knowledge, determining how they retrieve it for us@resent planning and teaching, and
unpacking how they reorganize the knowledge whétaating for future practice (see Abell,
2007; Heaton, 1992; Nilsson, 2008; van Driel et2002). | argue that framing teacher learning
primarily as “gaining” and “reorganizing” knowledgeparates one aspect of teachers’
development from the other intellectual work inlmr@ practice (Fairbanks et al., 2010; Kazemi
et al., 2009; Kennedy, 1987, 2010; NRC, 2007)khaevledge the importance of content and
pedagogical knowledge development in teacher legr@ind frame its significance through the
lens of how teachers use and learn from such krugeleas a resource, in practice.

To unpack how and why novices learn from practigé support from resources, | use
two overlapping lenses — pedagogical reasoningcatidal discourses — to understand the kinds
of instructional decisions beginners make abowtesttilearning, what they frame as problems of

practice, and how they think they should solve sditfmmas. | define pedagogical reasoning as
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the purposeful coordination of ideas, informatiand values about subject matter, curriculum,
learners, and instructional context to plan foganand reflect upon instructional practice. My
definition draws from research (see Flores, 2006s&nan, Valencia, Evans, Thompson,
Martin, & Place, 2000; Nolen, Ward, Horn, Childe€gmpbell, & Mahna, 2009; Shulman,
1987) suggesting teachers’ instructional decissiagpes opportunities to learn over time
(Greeno, 2006; Sykes et al., 2010). Teachers emgpatnbitious or more conservative forms of
practice may make different kinds of instructiodatisions using the same set of resources,
thereby providing themselves with different leaghopportunities.

Critical discourses describe an individual’'s depalg personal theories about “what
counts” as productive teaching and learning (Fla2886; Rex & Nelson, 2004). What makes
these internal discourses “critical” is that theg eonsequential to an individual's actions and
learning, and mediate learning and can influene® havices think about practice and resource
use across contexts (Sfard & Prusak, 2005). Ferstioidy, | use critical discourses to understand
teachers’ pedagogical reasoning and resource wég -Aovices make particular instructional
decisions using resources depends on what thegssg®blems or opportunities in practice.
Using resources also adds an element to critisagbdirses that is underdeveloped — the theory
can broaden its explanatory appeal when the fiettetstandsvhy beginning teachers select
particular resources to reason with and about, the personal theory of teaching and learning
shapes their resource use, and why their critisgbdirses helps them mediate contextual
pressure to teach in specific ways.

Opportunities for beginning teachers to use andhlam a suite of resources in a
context can diffedepending on how practitioners use resources tpaeuyalued teaching

practices in a given settingrhough novices could have opportunities to usel@aah from the
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same set of resources across contexts, how anth@gdigning teachers use resources to shape
and learn from practice could vary greatly givesitipedagogical reasoning and critical
discourses.
Methods

Participants and context

In this multi-case study, | investigated five figsgar teachers’ learning during the 2011-
2012 school year. Each participant holds a baclseliegree in a science field and was a full-
time secondary science teacher in the Pacific Masih (See Table 1 for descriptions of the
participants). All participants completed a mast@egree in teaching from a large public
university in the northwest United States, andmytheir time at the university, were students in
the same secondary science methods class.

| first interacted with the participants as theigstructor for their secondary science
teaching methods class. My duties included planmniitiy the participants, observing their
instruction during student teaching, and reflectinth them about their practice. Such
interactions with the participants helped buildpag and trust (Merriam, 2009; Patton, 2003).

For this study, | selected participants based andsteria: their practice history during
methods class and student teaching, and theirrdwschool’s instructional cultural scripts (the
historic norms and messages about what countaelsing and learning — see Sykes et al.,
2010). | purposefully selected a range of partictpavith varied practice histories — three of
whom readily attempting ambitious practice, and bifavhom typically enacted more
conservative forms of practice. | characterizedphseicipants’ initial practice histories based on
artifacts (methods class assignments, and anyrdtteching-related documents such as lesson

plans, assessments, and tools and scaffolds createatticipants and their students), semi-
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structured interviews with participants about theagthods class and internship experiences that
occurred during another research project, classmggervations of participants’ instruction, and
observation debriefs. | also selected participbated on their first year teaching contexts. |
searched for schools whose cultural scripts focesecbnservative forms of teaching, which
often included pressure to improve students’ adnent on standardized tests. The ultimate
purpose of both selection criteria was to help tgva theory of teacher learning, and not to

generalize unproblematically to similar “populagdf teachers, students, and classrooms.
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Table 1.

Description of Participants

Pseudonym and Education

First Year Teaching

Assignment

Reasons for Selection in Study

Maria (BS in biology)

8 grade general science in

urban middle school

History of planning for, enacting, and reflectirgpat ambitious practice during
student teaching

Teaching some content (physics) outside of colleggr

First year teaching assignment different than stutkaching assignment (high

school biology)

Joseph (BS in chemistry)

Biology and algebra teache
at new project-based
learning suburban high

school

History of planning for, enacting, and reflectirgpat ambitious practice during
student teaching

Teaching content (biology) outside of college major

First year teaching assignment different than stutkaching assignment (high

school chemistry)

Karen (BS, MS, PhC. in

biology)

Biology at urban high

school

History of planning for, enacting, and reflectirgpat ambitious practice during
student teaching

Teaching content in college major (biology)

First year teaching assignment different than stutkaching assignment (high

school chemistry and physics)
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Rebecca (BS in biology)

Biology at urban high

school

History of planning for, enacting, and reflectirgpat conservative instruction
during student teaching

First year teaching assignment same as studetingaassignment (high schoo

biology)

Lucy (BS in biology)

§ grade physical science at

suburban high school

History of planning for, enacting, and reflectirgpat conservative instruction
during student teaching

Teaching content (physics and chemistry) outsideotéége major

First year teaching assignment different than stutiaching assignment (high

school biology)
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Participants’ university-based science methods<las

The participants’ learning cannot be understoothouit some background into their
university-based science methods course. One ¢itla¢ secondary science methods class in
promoting ambitious instruction was to frame-shistv the participants thought about
organizing instruction, and to socialize them in&w visions of “good teaching.” This
socialization included scaffolding the participamézognition and use of resources to shape and
learn from their ambitious practice. As a co-instou for the methods class, | promoted the use
of conventional, social, and intellectual resouragsommodities for pedagogical reasoning that
led to generative learningadapting and innovating instruction, tools, and tioes to meet
students’ emerging disciplinary thinkifBall & Forzani, 2011; Kazemi, et al., 2009; Lamip&r
Graziani, 2009).

| also helped organize the class around four caetiges considered to be central to
ambitious teaching: constructing the “Big ldeaiciiing students’ ideas to adapt instruction,
helping students make sense of material activity, @essing students for evidence-based
explanations. Throughout the methods course, thepants had opportunities to approximate
the four practices using a suite of planning t@wld through microteaching — attempting one
practice with peers and a methods instructor (@nasset al., 2009a). The purpose of
approximating the practices was for the participdattry out the practices in a safe and collegial
environment with peers and instructors and to xecenmediate and principled feedback about
their work. I will now describe the four practices.

To construct a Big ldeateachers confronted the limits of their own ustending of the
science topic, and then investigate their topioneeting new information to state and national

standards. Second, teachers situated a scienceatoping other ideas to determine how
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foundational the original topic is. Third, they eéehined a relevant, observable, and puzzling
phenomenon for the students to explain, and cartsdraausal explanation for the observable
phenomenon involving unseen processes or charakteddly, teachers predicted what student
success looked like as the unit progressed. Fangbea a teacher could decide for a unit about
sound to focus on energy, force, and motion asdmahtal ideas. They could then select a
puzzling phenomenon, perhaps asking why windowkesindoen a car playing loud music drives
by. The teacher then constructs a causal explamatieolving molecules hitting each other.
Finally, the teacher anticipates what students trttyghk about sound and what kinds of
experiences students may have had with this phemame

Wheneliciting students’ idegdeachers planned a rich task that can revealadlmange
of student thinking about the target big idea,ietibservations from students about the
phenomenon of interest to them, encourage the stsitie offer initial causal hypotheses about
the phenomenon, assist students in synthesizingtwéwa think they know and what they
want/need to know, and after class, analyzing stisdeontributions to shape instruction.

When teachers helped studemizke sense of material actiyithey designed
conversations with students that allow them to eshmarious kinds of activity with the big idea.
This practice helped students understand how #desuielated to the observable phenomenon
they have been puzzling over, assisted studenisimg the observations or data collected during
the activity with the big idea, support the devehgmt of students’ academic language as a
resource for communicating concepts and makingesehscientific ideas within the classroom
community.

The final practicepressing students for evidence-based explanatreqsiired that the

teacher help students co-construct evidence-bage#dnatory models for the puzzling
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phenomenon illustrating the big idea. These modetsct students’ reasoning, linking their
observations and information from a variety of segrstudents had experiences with to
unobservable events, structures, or processesh@isae-oriented students to the possible
explanatory models and hypotheses that could haee proposed up to this point, coordinated
students’ tentative explanations with availabledence, prompted students to talk about the
strength of the evidence and the reasoning thied Brvidence with explanations, write a final
explanation, and had students apply the new exfganmodel in contexts beyond those
previously discussed.

After methods class ended, the participants wexegul in schools for six months of
student teaching experience during the 2010-20hdadg/ear. All the participants in this study
were student teachers in different high schoothéPacific Northwest. During student teaching,
the participants moved from a secondary to prin@tructor role in their classroom, planning,
teaching, and reflecting on lessons with theirgrs=il mentor teacher and other influential actors
— their methods class peers, instructors, and tsityesponsored “site” and “content” coaches.
In addition, the participants were required to tieambitious planning tools from methods
class, and had access to the methods class wefalsith, provided sample lessons, units, and
reflection materials. The participants’ attemptem@cting ambitious instruction in their student
teaching context often resulted in tensions betwieerparticipants’ vision of practice and their
mentors’ vision, which was frequently framed byision of typical instructional practices.

Participants’ school contexts: A push for testing

During the 2011-2012 school year, each participanght in a school that provided a

unique set of circumstances for their instructM#hile each context was unique, one common
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narrative from each school on the participants twascrease students’ achievement on
standardized assessments.

Maria’s Title | middle school focused securing méureding from the school district. To
gain administrative attention, Maria’s school tdegespecific objectives on standardized tests,
such as mastery of disciplinary vocabulary. Thempaess on Maria, therefore, was to help her
students demonstrate increased proficiency ingbhding and vocabulary sections of the tests.
Like Maria, Karen’s school also wanted a boosttamdardized test scores. However, their
motive was different — as a newly designated STHEdW Bchool, Karen’s school wanted to
“justify the title and money” from the district (servation debrief). Karen, therefore, felt
constant pressure to “make sure my classroom tefleabe STEM goals of the school” — having
high test scores on math and science assessmi@daria and Karen, Rebecca’s school
wanted to increase standardized test scores im twrdentice other kids away from schools in
the district” (observation debrief). Rebecca ndtet her assistant principal frequently attended
department meetings to review test score data@tidentify students to target for tutorials”
(observation debrief). Lucy’s school also targeteaients for tutorials; however, her department
chair took on the role of “data analyzer” for thber teachers. Lucy had to attend one-on-one
meetings with the department chair to “review thulents | needed to focus on during a specific
week” (observation debrief). Of the five participgmonly Joseph’s school had a history of high
standardized test scores. However, this histomyltexs in a constant press to maintain the scores
in order to “uphold the prestige” of the distriobgervation debrief).

Data sources and collection
During the 2011-2012 school year | collected aralyaed multiple forms of data from

four different types of episodes: requested orrmi planning communication, classroom
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observations, semi-structured interviews, and pémal development sessions. In this section,
| describe the data collection and the featuresach episode.

Data sources

Requested or informal planning communication

The first category of data sources | used for dissertation involved requested or
informal planning communication that was initiatgdthe participants. When engaged in
planning communication with participants, | paitkation to their pedagogical reasoning,
critical discourses, and how they framed problefmactice. For example, in August, 2011,
two participants requested to meet with me to dis¢beir upcoming plans for science teaching.
During these planning sessions, a participant arskdl their school resources (textbook and
curriculum) as well as methods class resourcesitemb planning tools) to plan for the
upcoming year. We first discussed a framework lierschool year, considering the fundamental
science ideas students should know by the endeofehr. We then broke the fundamental ideas
into units, attempting to create yearlong storg@énce ideas for students. | audio recorded and
transcribed each conversation. As a researchecognized my potential influence on the
participants’ learning and practice. However, asdvocate of ambitious practice and a teacher
educator, | chose to act as a resource for thecjpamts if they requested my assistance (see
section about my stance as a researcher of ambpi@ctice for more information).

While some planned conversations occurred at thgbimg of the 2011-2012 school
year, the most frequent form of participant-ingiciplanning communication was through email.
Participants often sent emails, requesting thaip them prepare or review their unit planning,
assessments, or activities. For email requestlied with questions and comments, and | then

saved the original email from the participant andawn reply.
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During planning communications, participants fregflyediscussed science teaching and
learning in relation to their school’s culturalipts about teaching and learning. Participants
discussed a multitude of school-related topicshsascdepartment requirements, results from
planning sessions with colleagues, successes amgljks with students, upcoming standardized
assessments, and student learning. | scripted notasdio-recorded such details and saved them
in the participants’ folders, keeping track of theerceptions about what the school valued as
teaching practice.

Classroom observations

The second set of data sources | used for thiedigg®on was classroom observations. |
observed each participant teach during three teneds throughout the 2011-2012 school year:
October, 2011, January — April 2012, and May/J20&_2. In October 2011 and mid-May —
June, 2012, | observed one lesson. The purpose @d¢tober and May/June lessons was to get a
snapshot of the participants’ practice at the h@gmand end of the school year, and to see
evidence of both the development of classroom sei@etivity and the participants’ learning
over the school year. In the time period of Jan2&d2 — April 2012, | observed each
participant teach one entire unit, meaning thaa$w the same class each day. The purpose of
the unit-long observations was to observe the dgveént of science activity in a short time, and
to see evidence of the participants’ daily learniigle teaching a unit.

Video record classroom observations

One purpose of classroom observations was to eaptumuch discursive interaction
between all the actors as possible. To captureidis@ interactions, | video recorded all

classroom observations using a hand held cameeapfiitmary subject on camera was the
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teacher and their interactions with students duciags time — “between the bells.” | turned the
camera on when the class bell rang, and turnedaimera off when the dismissal bell sounded.

Observation notes

During each classroom observation, | wrote dowrstjaes and notes as the class
unfolded, highlighting instructional moves and agp®f classroom practice to ask the
participant about during our daily debrief. For exde, | recorded and asked about moves that |
knew were planned and moves that appear spontaraalksas skipping over an item on the
daily agenda listed on the board. | also recoragde@arning objectives, warm-ups, and closing
statements written on the board.

Daily debriefs

| informally debriefed with teachers after eaclstas During these 10-15 minute
conversations, | scripted notes as the particigaatribed the successes and failure of the lesson
to me. In addition, | asked them about particukaggogical moves they planned (for example,
why they use a powerpoint lecture) and moves tletiaplanned or spontaneous (for example,
why they skipped over an episode listed on theyadggenda). Since this lesson replay occurred
immediately after class ends, the participant rebrexed specific moves and their pedagogical
reasoning, which informed their instructional dems(see Horn, 2007, 2010). When engaged in
daily debriefs with participants, | paid attentitontheir pedagogical reasoning, critical discourses
and how they framed problems of practice.

Teacher and student-created artifacts

| collected teacher and students-created documeliated to planning, instruction, and
reasoning for each unit | observed, and all wodoamited with the classroom context,

including:
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e lesson plans
e assessments
e instructions for activities/tasks
e the pariticpant’s analysis of student work
e tools (created, modified, or adapted by participdatsolve problems of practice)
e various forms of communication, such as email
Such artifacts, triangulated together, can be lisdien making sense of teachers’ reasoning and
instruction in their particular context (Penuel &lagher, 2009; Borko, Stecher, Martinez,
Kuffner, Barnes, Arnold, Spencer, Creighton, antb&t, 2006).

Photographs of tools and scaffolds in the classroom

After classroom observations, | also took photolysagf five categories of objects that
teachers and students created: graphical insanppooduced by teachers and students, subject
matter representations, scaffolding, directionsmsofor participation. | photographed these
objects each day | was there to document how thagged during the long unit. | also wanted a
record of how the participants’ used their pedagaigieasoning and critical discourses to
provide opportunities for students to share idessguphysical representations of their thinking.
Semi-structuredhterviews

The third set data sources | utilized for this éitstion were semi-structured interviews.
A semi-structured approach allowed me to adapptbcol to probe participants’ comments,
ideas, and theories about practice while still s@olion the overall goal of a one-hour interview
(Merriam, 2009; Patton, 2003). These interviews/joled the participants an opportunity to
describe their understandings about teaching ardileg (Dilley, 2000). Interviews were

recorded using two digital recorders and were 8eatprofessional transcriptionist. | conducted
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three types of semi-structured interviews duririg study: A unit interview with a resource card
sort, a reflection on the first year teaching, arqersonal epistemology of science interview.

Semi-structured interview one: Unit interview indilog resource card sort

During the January — April 2012 daily unit obseiwas, | conducted three fifteen-minute
semi-structured interviews, which include a resewrard sort. | asked each participant to answer
guestions about their unit planning, content urtdeding, pedagogical reasoning, and classroom
activity just before their unit begins, in the mieldf their unit, and at the end of their unit (See
Appendix A for questions). Included in this senmdstured interview was a resource card sort,
which asked participants to discuss what resounteamned their pedagogical reasoning
processes during planning, instruction, and refdectLampert et al., 2011). | asked the
participants: “For this unit, you have several tgses to draw on as you plan and teach
lessons—such as your department, curriculum, ifteas university-based science methods
class, the tools from methods perhaps some otltidsnot name. How would you rank the
influence of these on your planning, teaching afilécting? Did this change over time? Why?” |
also asked the participants how they used resowigen planning, teaching, and reflecting. |
video recorded participants as they sorted cartstwose potential resources as well as blank
cards that they could have added resources orhte tdsk provided a lens into a) what
participants’ thought were resources to use whanmihg, teaching, and reflecting, b) how and
why participants view certain contextual factorsd a&eas as resources but not others, and c¢) how
and why participants used resources to learn fnodnshiape practice.

Semi-structured interview two: Reflection on firgar teaching

The second semi-structured interview occurred duiime 2012, the week after school

ends in the participants’ school districts. | askeglparticipants to reflect on their planning and
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instruction, to describe the details of teachingrsee in their school context, and their
experiences of working with various actors. Thasestjons allowed me to characterize the
participants’ perceived contextual affordances @mtbstraints on their practice as they made
sense of teaching in their school context (see AgpeB for the questions). | audio-recorded all
interviews and sent them to a professional trapsoniist.

Semi-structured interview three: Personal epistemglof science

The third semi-structured interview asked the pgréints about their personal scientific
epistemology — an individual’'s understanding ofwegys science knowledge is made a treated
and vision of scientific work — and experiencesasience learner. While few researchers ask
teachers’ about their personal epistemologiesiehse, studies in science education of students’
epistemologies (e.g., Sandoval, 2005; Smith, Maéloughton, & Hennessey, 2000), STS, and
HPS literature claim that an individual’'s persoapistemology of science influences both how
they learn science and how they shape the actigaicgcpractice in spaces where they hold
cognitive authority (Harkness, 2007; Hannaway, 138®rr-Cetina, 1999; Owens, 1985;
Rudolph, 2002; Shapin, 1988). The questions irtlilvd semi-structured interview (see
Appendix C for the questions) allowed me to a) msdese of the circumstances under which
the participants revisit and reassess their unaleigig of subject matter and pedagogy, b) better
understand the role of participants’ conceptualeusidnding of science and epistemology on
their pedagogical reasoning and practice througtimuyear, and c) describe possible
associations between teachers’ personal epistemolagrience, how they set up science
practice, and how the science practice shapesdeseamderstanding of science. | conducted
this interview once, at the end of the school year.

Professional development sessiddstical friends’ groups
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The fourth set data sources | utilized for thisdrsation came from the participants’
participation in three professional developmensigss — called “critical friends groups” (CFGS)
— throughout the 2011-2012 school year: one in @at@011, one in February 2012, and one in
May 2012. Each CFG lasted for one hour, and ocdwateéhe university where the participants
were students in their teacher preparation progiidra.purpose of the CFGs was for the
participants to share puzzles of practice that i@resed on student thinking and learning. To
illustrate the problem of practice, participantargl samples of student work and their analysis
of student thinking with a small group (4-5 peopé}heir teaching peers and a university
researcher (myself, the methods instructor, orlaratecondary science research assistant). At
each CFG, | purposefully placed 2-3 participantsiensame group, with my faculty adviser or
myself as the facilitator. The group then engageal structured conversation about the problem
of practice using a conversation protocol. The Cpfasided a lens into what participants
considered a) puzzling problems of practice torldeom, b) the science practice of their science
classroom, c¢) what and how they want studentsiti #ind learn, and d) institutional cultural
scripts they integrated into their developing catidiscourses. At each CFG, | collected teacher
and student-created artifacts and recorded notag #teir school context, both of which |
described in previous sections.

Data analysis
In the following section | describe my analysisqass for the research questions that guided
this study. The research questions were as follows
¢ What resources do beginning teachers recognizergtn and use in their school

contexts?
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e How does beginning teachers’ differing use of resesi shape their particular trajectories
of practice and professional learning?
Coding category 1: Resource coding

| coded multiple sources (artifacts, interviewsservations, and the resource card sort) to
identify and characterize what participants useeasurces to inform their practice over time
(Cohen et al., 2002). | also coded how the paditip discussed the resources that provided
them with the most immediate and “useful” infornoatabout solving problems of practice. In
other words, | coded how participants prioritizedtain resources over others as more helpful as
they engaged in their daily work.

Coding category 2Participants’ pedagogical reasoning

The second category of codes was to determine leginihing teachers use resources to
shape and learn from practice. | looked for episafepedagogical reasoning (EPRS) - units of
teacher talk in which they frame and solve problefmsractice and describe how various
resources in a context influence their decisionin@kEPRS are also accompanied by some
elaboration of reasons, explanations, or justiiices for why the teacher made particular
decisions. These episodes can be individual, sitgteutterances, such as “I’'m not using that
worksheet because it bores the kids.” Alternatividgse can occur over many turns of talk
(Horn, 2007). When coding for pedagogical reasonimged data sources from all four types of
interactive episodes: requested or informal plagecommunication, classroom observations,
semi-structured interviews, and professional dgualent sessions.

Participants’ science knowledge for teaching

One intellectual resource | paid particular at@mtio when coding pedagogical

reasoning was the participansgience knowledge for teachi(§KT). This resource featured
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prominently in coding because some researcherl,auBall, Thames, and Phelps (2008) in
mathematics education, propose that teachers’iteaafl content and pedagogy is associated
with their developing understanding of how and \ilingir particular studentéearn subject
matter. | coded how their science knowledge for teacluimgnges over time as they used various
resources. When initially coding science knowlefitgageaching, | used two content knowledge
domains proposed by Ball et al. (2008) in their SK&mework:knowledge of content and
studentdKCS) andspecialized content knowled{feCK). KCS represents teachers’ developing
understanding of their students’ ways of talking asasoning about disciplinary ideas. SCK
represents professional knowledge unique to tegckihich differs from a content specialist’s
understanding of subject matter. SCK describeshtratdeveloping understating of the difficult
aspects of their subject matter to explain, thé teter for topics to be taught, and how some
science topics are more fundamental to overarchiiggideas” in science than other topics.
These knowledge domains provide a name and frankei@punderstanding how and why
teachers’ understanding of subject matter, insoaocend students is continually developed
within their school context.

Coding category 3: Critical discourses and contekitultural scripts

The third category of codes is to determine whyitn@gg teachers used resources to
shape and learn from practice. As discussed prsljipa teacher’s critical discourses shape their
vision of practic§mental images of productive practice that inspimd guide decisions. They
are future narratives that include a sense of vghabssible in the classroom), and mediates what
problems of practicéo solve using resources (i.e., what teachers taialdifficult puzzles that
need a solution) and whapportunities in practicéo learn from and take advantage of (i.e.,

what teachers think could be beneficial for theagbice and students’ learnind) teacher’s
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critical discourses, for example, help determinatwwksources teachers use when reasoning
pedagogically. | also analyzed how the participansson of practice works to deflect or
subscribe to their school’s instructional expeotadi(see Appendix D for the participants’
critical discourses and school cultural scripts).
Analyzing resource use and learning

When analyzing how teachers recognize, use, and femm resources, | began by seeing
what resources teachers draw upon on when plannstg,cting, and reflecting. | also saw how
the resources interacted with one another whilehtexs engaged in planning, instructing, and
reflecting on practice. A guiding theme in lookiagross the data is the question of what
resources teachers cited when they talked abolg¢ssens | observed, and how teachers
reported using the resources that were availaltlestm. When analyzing field notes, transcripts,
videos, and inscriptions, | looked for patternshi@ codes over time. For written text (teacher
and student-created artifacts, planning emailstergscriptions of audio files), | used the codes
described above to identify patterns in participadiscourse, reasoning, and instructional
decisions. | coded inscriptions in the contextlassroom activity with the actors’ discourse and
writing to make sense of how and why inscriptiores@eated and used over time. Finally, for
videos, | reviewed the observations in real timeyging them if necessary to write the
equivalent of fieldnotes (Erickson, 1986) payingtigalar attention to discussions. | used the
codes on the video notes, identifying overall teeridranscribed selected discussions verbatim,
and use the codes on the written text as previaledgribed (see Alozie, Moje, & Krajcik,
2010).

Triangulating data sources

When analyzing field notes, transcripts, videosl @scriptions, | looked for patterns in
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the codes over time about the science activityaastoom spaces. For written text (teacher and
student-created artifacts, planning emails, antstraptions of audio files), | used the codes
described above to identify patterns in participadiscourse, reasoning, and instructional
decisions. Finally, for videos, | reviewed the atvaéions in real time, pausing them if necessary
to write the equivalent of fieldnotes (Erickson869 paying particular attention to discussions. |
used the codes on the video notes, identifyingalgends. | transcribed selected discussions
verbatim, and use the codes on the written tept@gously described (see Alozie, et al., 2010).
During and after analyzing single data sourceschvprovided one lens into teacher learning, |
triangulated the data sources. By triangulatimgebn that when analyzing the main bodies of
data, | tried to find supporting or disconfirming@enceacrossdata sources to enhance the
credibility of the hypotheses (Merriam, 2009; Patd003).

Hypotheses emergence and testing

As | analyzed and triangulated the data sourcesswer the research questions, | looked
for hypotheses that emerge from the coding. Fdmglbtheses — both initial and emergent — |
sought confirming and disconfirming evidence. badsitertained alternative explanations,
keeping in mind that my stance as a researcheadwtate for ambitious instruction could
skew my interpretation of the data. One way | cleedky own understanding of participant
learning was to conduct member checks during theeati-structured interviews. | asked
participants to respond to my interpretation ofdlaéa, with the freedom to clarify, expand, or
refute my interpretations during our semi-struaiurgerviews (Merriam, 2009; Patton, 2003).

My stance as a researcher of ambitious practice

Some researchers of human learning advocate fiititnaal ethnographic methodologies,

purposefully not layering their own definition adrmpetent practice onto their analysis of
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individual development (see Rogoff, 1995, 1997,2000lcott, 2005). | argue that studying
“what is” in classrooms can place teacher educatsrarchers in a quandary as they
simultaneously advocate for ambitious teachingoimtexts that often promote typical forms of
instruction. For example, Thompson et al. (2013jcbaded that one-third of their participants
engaged in ambitious teaching practices despit&ingin schools with cultural scripts that
promote typical instructional practices (Sykeslgt2910). Yet Thompson and colleagues did
not idly watch the other two-thirds of the begirmieachers revert to standard forms of
teaching; they actively provided support to pugirttypical instruction towards ambitious
teaching. In this study, | chose a middle grountvben these two ends of researcher continuum.
While I did not actively make unprompted pedagolgsteygestions to the participants, | did offer
ideas and planning suggestions if asked by thecgaahts. | viewed my role as a resource for
participants’ learning if they chose to use meuahsFor example, | included myself in the
resource card sort. | documented my role as a reson data collection and analysis.

Findings

In this section, | organize the findings arouncthassertions that emerged from the data.

| state each assertion below, and then situateiaable larger findings from this study:

e All participants, regardless of sophistication cdgiice, drew upon the same
fundamental set of resources to shape and leamtfieir teaching. This assertion
counters a hypothesis that teachers who more frélguEnact ambitious practice
might draw upon a fundamentally different set cfowrces when engaged in their
work.

e While all participants used the same resourcesgiwaps of resources acted as

different primary frames for the participants’ pgdgical decision-making. One
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group included resources from the university-basethods class, including “face-to-
face” tools and a conceptual framework for instiucbased on ambitious practice. A
second group included school-based resources,asutextbooks and department
expectations. The resource group selected by eiparit as most beneficial for their
learning seemed to be connected to their criticalalirses about their role as a
teacher about how students’ science ideas shoulddzkin classroom activity. Each
group of resources guided participants’ interaciaith students’ ideas over time.
The participants used their prioritized subsetesburces to notice particular kinds of
student ideas and to use those ideas to makedtistral decisions.

By using students’ ideas in concert with a groupesburces when engaged in
pedagogical reasoning and practice, the particgpapéened up opportunities for their
own learning over time by becoming familiar witlethreadth and depth of students’
disciplinary thinking. The participants’ learnirig,turn, influenced their subsequent
practice and subsequent opportunities for studamicgation. These cycles of
learning allowed the participants to see how sttutteénking was influenced by an
array of instructional moves, substantiating ocdigirming elements of their critical

discourses.

Recognizing and using the same fundamental setsofirces

All participants, regardless of sophistication cdgiice, drew upon the same fundamental

set of resources to shape and learn from theihiegcThis counters a hypothesis that teachers

who more frequently enact ambitious practice mayaiv upon a fundamentally different set of

resources when engaged in their work.

Conventional resources
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The participants recognized and used three typesrnwventional resources: “knowledge-
embedded” tools, “face-to-face” tools, and othetanal assets.Knowledge-embeddedbols
included textbooks, websites, curricula, plannimgig from UW science methods class. These
resources provided content and pedagogical infeomatecommended unit structures, and a
context’s reified standards for participation ia¢hing activities. Participants us#dce-to-
face” toolsspecifically to solve problems of practice, sushsaaffolding students’ use of
evidence when constructing explanations for theapheenon under investigation. By face-to-
face tools, | mean that each participant used physbjects, such as poster paper and sticky
notes, to inscribe students’ science ideas dulegsdime, subsequently reviewing what students
said and thought for the purpose of shaping futlassroom activity. For example, Karen and
her students created a “hypothesis checklist” estqy at the front of the classroom on which
Karen or a student could write an evidence-basgdthesis about a puzzling phenomenon.
Once someone recorded a hypothesis on the cheddistn and her students devised a way to
test the hypothesi$laterial assetsncluded lab equipment, student journals, compudads
projectors. Lab equipment — the devices employeelmdonducting science research — acted as a
representation of science (scientists use micres;a@nd so do we) and provided the means to
engage in classroom science work.

Social resources

The participants recognized and used three typesaél resources: their peers’ and
colleagues experiences and ideas, their schoddauictional expectations, ideas from their
university-based science methods class, and stidmmnce ideas. The participants frequently
gained access to social resources during planretdrganized meetings of actors, such as

department meetings, critical friends’ groups, lass time at school. First, tipeers’ and
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colleagues’ ideas and experienagasluded representations of their practice (exaspfestudent
work, lesson plans, and Power Point presentatist@)ies from their varied practice histories,
and tools they used in their school contexts. Tdrdi@pants used their peers’ and colleagues’
ideas and experiences to compare attempts atg@raotd see success and failures in other
contexts, to obtain new tools, routines, and idaad,to confirm their own teaching practice
matched the efforts of others. For example, Josppke with Maria about how to scaffold
students’ use of evidence from activities in anlaxation. Maria described a tool she generated,
called a “summary table”, which helped her sohanailar problem of practice. She also
informed Joseph of changes she would make to tmarfsary table” given her students’
successes and struggles with her tool. Josephréotignized Maria’s situation as similar to his
conundrum, and attempted to appropriate the sol@mbedded in her story of practice. He
therefore created a similar tool and pedagogia#ime based on Maria’s story of practice.

Second, thechool’sinstructional expectationgrovided a cultural script about “what
counted” as teaching and learning that the padidpencountered during department meetings,
contact with administrators, discussions with adleées. Such expectations informed the
participants’ pedagogical reasoning as they masteuctional decisions. For example, Rebecca
constantly encountered messages from the departhedriter role was to increase students’
standardized test scores.

Third, students’ science idegsovided the participants with students’ experesic
theories, and evidence around unit topics. Allipgrants used students’ science ideas to
interrogate their own understanding of subject erathd pedagogy, and to inform their
pedagogical reasoning when making instructionaistats. For example, Lucy listened for

students’ “misconceptions” about valence electiares unit about chemical bonding. When she
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heard students’ “misconceptions”, Lucy worked tigtife out how to best change the students’
thinking”, often through more practice problemsadPower Point lecture that included canonical
information (observation debrief).

Intellectual resources

The participants recognized and used two typestefiectual resources: science
knowledge for teaching and a conceptual frameworkdaching. The participants recognized
and usedcience knowledge for teachi(f§KT) when planning, instructing, and reflectiddi.
the participants used their SKT to reflect on shisfescience ideas, to interrogate their own
understanding of the content and how best to tdeelcience, and to reshape their unit around
what they thought were students’ emerging needs.pHnticipants’ SKT was not static; rather,
their understanding of science and pedagogy catgtaranged as the participants learned more
about their students’ science ideas and funds evledge. For example, during a unit about
genetics and cancer, Karen noticed that her stad@multaneously theorized about cancer on
multiple levels — DNA, cells, tumors, and organteyss. Karen, however, “compartmentalized
cancer into separate domains” when planning (olasiervdebrief). Therefore, Karen decided to
alter how she taught the unit given students’ ategs with various aspects of cancer biology.

The participants also selectedanceptual framework for teachinghich provided a
narrative about, and expectations for, teachingl@ahing. One conceptual framework included
conservative practices valued by the participasithool context. Another conceptual framework
included ambitious practice promoted in the uniig#isased methods class.
Subgroups of resources set a primary frame for ficac

While all participants utilized the same resoulicegractice, two groups of resources

emerged that acted as different primary framegéalagogical decision-making. These frames
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emerged from the data as participagprisritized certain resources over others as meséeficial

to their planning, instructing, and reflecting. Wiharioritizing, the participants decided that
certain resources provided them with the most Wsaflormation about their practice, and helped
them reason pedagogically about future instructideaisions given the features of their
particular school context. The participants uggchary resourceso reflect on practice and to
make immediate and purposeful instructional densiSecondary resourcgsovided

information and structure for teaching activitibat participants did not use such resources as
frequently to shape their learning and practice (@gure 1 for primary and secondary
resources).

It is important to highlight that students’ sciendeas acted ake core resource for all
participants.This finding counters hypotheses that teachersnehdily enact ambitious practice
use different resources when engaged in teachingtas than others who typically enact
conservative practices. Also note that participsypgally enacting conservative practices did
not dismiss or ignore students’ ideas; ratherptmicipants frequently shaped their practice
around student thinking.

The resource group selected by a participant as beoficial for their learning and
practice also seemed to be connected to theica@rdiscourses about their role as a teacher
abouthow students’ science ideas should be used in classastivity. The three participants
who routinely enacted ambitious practice — Mareseph, and Karen — wanted to provide
students with opportunities to engage in authesdience activity and to share their science ideas
on the public classroom plane. They therefmed students’ ideas in concert with other primary
resources to provide opportunities for studentsrigage in authentic science activitiége

other participants who frequently enacted instorgsit practice — Rebecca and Lucy — wanted to
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provide safe spaces for students to learn “corrsance ideas. They therefdrad difficulty
deflecting their school’s instructional culturalrgat that primary resources should help students

memorize information and reproduce “correct” scien@acts on various assessments
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Cross-case comparisons

In this section, | describe each participant’si@ay on a microgenetic scale (within one
unit on instruction) and a macrogenetic scale (tivercourse of a year) as they used resources in
teaching activities in their specific school contéxdescribe Maria and Rebecca’s cases in
greater detail, and use Karen, Joseph, and Lusy@orting cases. In each participant’s
learning story, note four aspects of the particigaresource use and learning: 1) how
participants used resources differently over tinvergtheir school context, 2) how participants’
resource use provided different kinds of opportasito learn from practice, 3) how participants’
critical discourses shaped the resources they neoed)and used, and 4) how the participants’
learning became generative or, in other caseg)adigvith the conservative expectations of their
schools over time.

Maria’s planning with students in mind

Before the school year began, Maria attended Imlépartment meetings, worked with
her mentor teacher and assistant principal, and teafistrict orientations. From these
interactions, Maria learned that her school’s geas to increase students’ standardized test
scores by helping them learn how to use “scient#iguage” in class. While acknowledging the
importance of her school’s conventional resource s1s the textbook, Maria also began to
construct a specific vision of how she wanted lhedents to participate in science by the end of
the school year. Note that Maria considered twe@etspof her practice that set up opportunities
for her generative learning during the year betmt@ool began. First, Maria recognized “the
need to build a collaborative learning communityvmch students feel safe to share ideas
(planning session).” Second, Maria recognized #edrto constantly assess in order to use their

ideas to shape practice: “I will set up my clasan®m that everyday there is some kind of
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opportunity for me to see where they are at. Arad'shultimately what drives where | go next.

Or where | don’t go next (planning session).” Mahas prepared herself to set up a classroom
in which she could hear and use students’ scieteasiwith her other primary resources to shape
her practice.

Using students’ ideas as resources early and often

Maria initiated her generative learning during fiest unit. In this unit, Maria taught
about the seasons, a required curriculum topichdrdhan use her department’s activity
(watching a video), Maria decided to leverage sofrteer Pacific Island students’ lived
experiences as resources for the class. She askbhts to describe qualitative observations
about summer and winter in both Samoa and Seatttestudents seemed eager to share. Note
that Maria, in her first unit, tried to establislkclassroom norm of sharing science ideas for the
purpose of shaping her practice.

During my first observation, Maria used studendg'as to make an instructional decision
in-the-moment, changing the lesson based on stuldieking. Maria and her students began
class by reviewing data from a computer simulatwnich provided information about the
amount of sunlight and temperature at differentgdaon earth during the year. During this
discussion, Maria decided that, based on studeasi¢some students thought that the earth was
“sometimes tilted” while other students thoughtttiine earth was “always tilted” — observation
notes), the class needed to revisit the computaulation to discuss their competing theories. By
revisiting the computer simulation, Maria provideetself with more opportunities to hear
student thinking about their science ideas.

Maria also worked to establish her classroom afeaspace for students to share science

ideas from their own lived experiences becausersimed “see their thinking so | know where
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to go” — in other words, use students’ scienceddesaa resource for shaping her practice
(observation debrief). One discursive move Maribized to help students feel safe sharing ideas
was to note that their ideas were valuable resasuretheir learning. In this example, Maria and
a student discussed the seasons based on thetsuidted experiences:

Maria: Where does the temperature change as earttes?il

Student | don’t know.

Maria: What about the equator? At the equator...

Student The temperature doesn’t change much.

Maria : When you did the computer simulation and selefded whole year’'s

temperatures, what did you see?

Student Not much change in temperature.

Maria: What about looking at Seattle for a year?

Student Yeah, the temperature changed a lot.

Maria: What's the difference?

Student If the earth stayed at zero degrees if it wasitéd, the temperature wouldn’t

change in Seattle.

Maria: Ok, so | hear you saying that if the earth washéd, Seattle wouldn’t

experience temperature change. Is that relatedupolife? Do changes in Seattle

temperature according to the computer data makeeseith what you know in real life?

Student Yes, because if the earth wasn't tilted, I'd onged to buy the same kinds of

clothes — the temperature wouldn’t change.

Maria: So you're starting to explain to me why the easthited using both your

experiences and data. That's powerful for you amé€ience.”
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In addition to providing Maria with access to stotd#inking, this interaction provided students
with evidence that Maria valued their ideas andte@mo hear their thinking. Thus Maria both
enacted her plan from the beginning of the scheal yo create a safe classroom community,
and provided opportunities to hear and use stutdecience ideas to shape practice — the core of
generative learning.

Generative learning from daily changes to practice

When | observed Maria daily for a two-week unitidgrthe middle of the school year,
she used students’ science ideas in concert withapy resources to make daily changes to
practice. Since the beginning of the year, Mariaked to enact her critical discourses around
setting up a safe classroom space for studentsate science ideas. During this unit about
energy transformations in roller coasters, studeradily discussed their science ideas and in
turn, shaped Maria’s daily instructional decisions.

To begin the unit, Maria showed students a videa fller coaster going through a loop
twice — once forward and again backward. Duringvideo, students recorded observations of
where they thought energy existed in the rollersteraand how energy transformations might
occur. Maria also asked the students to createthgpes about why the roller coaster could go
through the loop twice.

After recording observations and hypotheses, Mam@her students moved to “idea
space” — a physical location at the back of therrao which students shared their own science
ideas as Maria inscribed them on poster paper.tiBying “idea space”, Maria provided
opportunities for students to share science ideassafe environment. In turn, Maria provided
herself with opportunities to hear student thinkingt she would not have access to if she shut

down students’ public theorizing.
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During this time in “idea space” Maria “was listagimostly for talk about height being
an indicator of energy and movement being an indraaf energy. | was also listening for
talk about other types of energy that exist heea(lfrom friction, sound, etc.). | was also
listening for any talk about how potential energgight energy, gravity energy) turns into
kinetic energy (motion energy, moving energy, spaeergy). Now that | know what my
students are thinking, | know what to do tomorr@lvgervation debrief).” In other words, Maria
wanted to hear and record how students talked abtattonships between energy types in order
to know what pedagogical decisions to make fomine class period.

The next day, Maria enacted a task that her depattmandated be part of the unit:
identifying relationships between energy and thghteof ramps using wooden blocks. In this
episode, Maria highlighted the different roles pepmary and secondary resources played in
shaping her practice. Maria noted that the “extefioraes” [her department] drove some
instructional decisions — “I have to do the lab astdirn the materials the next day.” However,
Maria did not waiver from her critical discourseglgrimary resources, declaring that her
department “could not decide how my students shtalkdabout ideas and evidence in a
collaborative way. | want them engaged in the lohthalk we did in methods class about getting
evidence from activities (observation debrief).”tBlthat one of Maria’s primary resources — the
conceptual framework for practice from methodsslashaped her decision to not use the
school-based resources as her department thougkshshld.

As the wooden block activity progressed, Maria diggwed questions to ask students in
the “spur of the moment” because “It occurred todaeng 1st and"® periods that kids weren't
able to explain the difference between "the gravitythe low ramp vs. high ramp. | wanted to

point out the directional components without ovesimiing them to get at kids who need a
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challenge. For kids who don't need that complex dfiallenge, having them try to articulate
"working moreagainst gravity omore directlyagainst gravity was a way to get them to think
about the other forces involved. Thinking about/gyaovercoming the friction of the block
helps reinforce thinking abouet forceinstead of just gravity (observation debrief,idal
indicate Maria’s emphasis on the words).” Note tatia used students’ ideas from one class to
quickly interrogate her SKT, and then reasoned gegiaally that she needed to ask different
kinds of questions to point out particular aspetthe block and ramp phenomenon. This
example illustrated Maria’s microgentic generate@ning within one class period — using
students’ science ideas in an earlier class péoiodake an instructional decision, thus opening
up learning opportunities that she did not haveariier periods.

Maria learns about roller coasters from her student

The final part of Maria’s unit illustrated two aspe of generative learning. First, Maria’s
used students’ science ideas as the core resaurherfdaily practice. Second, Maria’s primary
resources shaped the opportunities she providelesitsito work on their ideas.

After the roller coaster video and wooden blockvétyt Maria decided to enact a
practice from her methods class — creating an eqpdety model on a poster during a whole class
discussion. Maria used another primary resourpeea’s tool and her story of practice using the
tool, to scaffold students’ participation in theald class model. Maria used her peer’s tool after
a conversation at a Critical Friends’ Group in keloy in which both teachers discussed a
similar problem of practice — helping students egielence in an explanation. Maria’s peer
created a face-to-face tool called a Red light/@taght poster. Using this tool, students refuted
or added strength to hypotheses and claims usikgmee. Maria decided to try the tool because

“l wanted an ongoing visual of what we have exmdirwhat we have questions about...It also
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‘forces’ students to come to a consensus usingatatavidence and then discuss their ideas as a
class (observation debrief).” Note that Maria choseto use school-based tools to help students
use evidence; rather, she selected a tool to asedrfellow methods-class peer, because they
both understood how the tool fit into the conceptreanework for ambitious practice.

Using the Red light/Green light board, Maria and $tadents used evidence from the
wooden block activity to discuss how the roller stea traveled through the same loop twice.
After a whole class discussion, Maria drew thdahibller coaster model and placed it at the
front of the room. It is important to note that Madrew the first whole class model based on her
interpretation of students’ science ideas.

For the next class, Maria decided that studentsldhioy and recreate the model she
drew. By allowing students to use materials to makdéysical model using pipe insulation and a
marble acting as the car, Maria provided studerits @pportunities to share science ideas while
working together to test the whole class model.ségbently, Maria heard science ideas from
students who rarely spoke in class, thus provitiexgwith more resources to shape her practice.

One critical conversation for Maria’s generativarteéng occurred between two students,
José and Anthony, who rarely spoke in class. Wdttiempting to recreate Maria’s roller coaster
model, José and Anthony noticed that the marblé¢ ‘Kigjng off of the tracks” and that they
“can’t make it stay on (observation notes).” Whieeyt summoned Matria to their table and she
observed several trials, she concluded that Jaséathony’s data problematized her model.
Maria decided in-the-moment to recast her unitdwetaging the students’ evidence, and asked
José and Anthony to share their results with thesclAfter José and Anthony shared their
findings, Maria told the class “well, there goeg model. Even though you think teachers are

always right, this time, your data proves otherweservation notes).” When | asked Maria
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why she allowed José and Anthony to publically disp her model, she replied, “correcting the
class model is a good way to give credence to feeidents’] ideas - it lends even me to
revisions....l want to go where they want to go (obasgon debrief).” Note that Maria both

recast her plan given José and Anthony’s evideanug set herself up as someone who needed to
learn from students’ science ideas during the redwaiof the unit.

Since Maria’s model acted as the sole representafia roller coaster thus far, the class
now faced a scientific challenge. Maria asked sitglto generate a better model since her
representation no longer held up against the ecelstudents compiled in class. Eventually, the
students determined that the problem with Marialler coaster model was that the roller coaster
car started too high up on a ramp; therefore, #indhad too much kinetic energy to remain on the
track. The students lowered the height of the rahys reducing the kinetic energy of the car,
and successfully revised both the physical and eto@l model.

Generating and testing these new models requireckitra days of work that took Maria
off of the curriculum pace. She decided to prostielents with the opportunity to construct a
better model because “lots of students who raedkydre leading groups, like José and Anthony.
| want them to feel empowered to be scientistsdplagion debrief).” Maria paid particular
attention to this talk because it gave &ecess to new resources — typically silent students
science ideas — that could inform “my planning tloe next lesson®bservation debrief, italics
added).”

After the unit ended, Maria reflected on her leagpinoting that she began the unit
thinking she was teaching what energy was and hoteinges within a system, but “kids
already had a bunch of science ideas about thigefrsuch as forces, velocity, and acceleration

- my focus has become teaching them to articulaenese ideas both by using the language and
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by putting the pieces together into an understaeda{planationl’'ve just gotten a much better
understanding of the big picture in terms of howrgy and forces are related - so my ideas
about how to teach this next time is much morercléa changed because as I've taught I've had
to think about different pieces of it - so my thiml has changed as a result of me doing more
research and asking more questions as well asakkdeg questions to make me think about
things in a different way (observation debrief).6td that Maria’s recognition and use of
students’ ideas changed how she used other resosigeh as her science knowledge for
teaching, to shape and learn from practice.

Maria’s final unit: The result of generative leang with resources

By the end of the school year, Maria’s work of dmagher vision of a collaborative
scientific community resulted in an ecology un#ttivould likely not have been possible at the
beginning of the year. At this point in the schgedr, students “felt comfortable sharing ideas
about complex phenomena (observation debrief).’eNloat as Maria provided herself with
opportunities to hear students’ science ideasaldwehelped students feel comfortable sharing
science ideas. By constantly shaping and reshdq@nglass using students’ science ideas and
her primary resources, Maria provided herself wipportunities to learn from practice and
create units in which students engaged in authenience work.

In this unit, Maria planned for students to worklocal ecological puzzles, so she
selected the relationship between cougar and rabpitlations in the local region. During my
observation, students generated and revised a rnbddbod web, worked in small groups to
complete another tool (a “summary table, which édlprganize evidence gathered in an
activity), and engaged in a whole class discusaronnd theories about the cougar/rabbit

relationship. Maria noted “I now see and hear stitgledeas that | had hoped | would get when
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planning at the beginning of the school year (olestgsn debrief).” Maria thus enacted her
vision of practice as she used her primary reseuaioe students’ science ideas to shape practice
over the school year.

Karen and Joseph’s generative learning

Like Maria, Karen and Joseph set up opportunitegénerative learning when planning
for the school year. They both recognized the ieduliild classroom communities in which
students felt safe to share science ideas, anohistantly assess student thinking in order to use
their ideas to shape practice.

Karen’s planning with students in mind

Like Maria, Karen navigated the tensions of herterinthrough the framework of her
primary resources, taking a stance that the conaefstamework for instruction from methods
class provided opportunities for students to leaiance. Karen faced a unique context because
she co-taught a class with a language arts teaalied “Biology-Literature.” Since there were
two teachers in the classroom, the administratoublgd the amount of students — Karen’s class
had fifty-five tenth grade students — a “dauntihgltenge” for Karen because she wanted to
“use methods practices to hear student thinkingnfohg session notes).” Karen’s co-teacher,
who had no science background, recommended thdbktwe the science department norms
because there was “no way to merge ideas from rdsttiass” with the school’s expectation of
increased standardized test scores (planning sesstes).”

However, Karen, like Maria decided to push schadda resources into a secondary
role. For example, Karen recognized her departra@xpectation that she use certain resources
like textbook and curriculum. Karen decided to sseh resources to “highlight science topics

that might be important and to provide suggestainsut how to organize information into
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manageable unit segments”, but not to shape h&kitig about “how students should share out
ideas in public (planning session).” Note thateIMaria, Karen considered how to provide
students with opportunities to share science iddake deflecting her school’s press to use
resources for more conservative forms of teaching.

Using students’ ideas as resources early and often

Karen knew that enacting ambitious instruction wideg a challenge for her students
because they “are afraid of taking intellectuatsiand of being ‘wrong’ (Critical Friends’ Group
reflection).” However, Karen, like Maria, providstudents with multiple opportunities to share
their science ideas. For example, in the lessdiséved, Karen created a face-to-face tool using
sticky notes for students to revise their ideasgisividence. During this activity, students
worked in small groups as Karen reminded them &weshnd use each other’s science ideas. In
the following example, Karen and two students dssanhy sharing science ideas is important in
the class:

Student I Do you want the right answer or not?

Karen: Science is a changing process, and scientistdvaagsachanging their ideas. Just

like you are today.

Student 1:So it's ok if | my first idea wasn’t great, but h&w how to make it better?

Karen: That's exactly what | want you to think all yeare\ére all about revising ideas.

Student 2:Can | use [Student 1’s] idea to revise my idea?

Karen: Does [Student 1's] idea help you understand thense?

Student 2 Yep — he thought of something | didn't.

Karen: Then of course you should use the idea! Just keeteugive credit to [Student 1]

for helping you expand your thinking.
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In this episode, Karen, like Maria, worked to bualdlassroom community in which students felt
comfortable sharing their science ideas. This adgon provided students with evidence that
Karen valued their ideas and wanted to hear thaiking. Thus Karen both enacted her
planning from the beginning of the school yeard@afe classroom community, and provided
opportunities to hear and use students’ scien@sitteshape practice — the core of generative
learning.

Generative learning from daily changes to practice

Like Maria, Karen used students’ science idea®itert with primary resources to make
daily changes to practice. In her next unit Kargkea students to theorize about how ricin, a
toxin, could prevent cancer. Throughout the unérdf provided students with opportunities to
share ideas thus gaining access to their chaniginkimg over time. As unit progressed, Karen
changed the original emphasis of the unit from sillcture and function to cell division in
relation to cancer based on students’ ideas. Mateiktaren, like Maria, decided to recast her unit
based on student thinking and using the concefraralework for teaching from the methods
class.

Karen'’s final unit: The result of generative leangiwith resources

By the end of the school year, Karen’s work of e¢imgcher vision of a collaborative
scientific community resulted in an ecology un#ttivould likely not have been possible at the
beginning of the year. Note that as Karen hersih apportunities to hear students’ science
ideas, she also helped students feel comfortallenghscience ideas. By constantly shaping and
reshaping her class using students’ science idehker primary resources, Karen provided
herself with opportunities to learn from practicelareate units in which students engaged in

authentic science work.
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For her final unit, Karen decided to focus on Eslglivy, an invasive species in her
students’ communities. Karen’s students “drove”sbence work — collecting plant samples,
making GIS maps, generating seven hypotheses albgutyy was so successful, running
experiments to test the hypotheses, refuting opatimg the hypotheses with evidence, and
revising initial explanatory models. Karen was ‘gded that students got to move on from
answering simple ‘yes’ or ‘no’ questions to actyahinking like scientists (final interview).”
Note that, like Maria, Karen’s ecology unit emerdemm her generative learning using students’
science ideas as the core resource.

Joseph’s planning with students in mind

Like Maria and Karen, Joseph considered how toigeostudents with opportunities to
share science ideas while deflecting his schowks$to use resources for more conservative
forms of teaching. Joseph’s context was uniqueuserhe was helping to start a new project-
based learning school and was the only sciencéeeat the building. However, he still faced
the district instructional expectations of incregsstandardized test scores. Yet Joseph, like
Maria and Karen, pushed back on his school expenttplanning to create a “learning
community in which students simultaneously talkttend do science, with everyone in the
class learning from everyone” (planning sessiomteNhat Joseph planned to provide students
with opportunities to share science ideas to stia@secience work of the classroom, bringing in
the conceptual framework for ambitious practice imis classroom.

Using students’ ideas as resources early and often

Joseph, like Maria and Karen, provided studenth mitiltiple opportunities to share their
science ideas. However, during my initial obseomtioseph enacted a unit designed by a

research group piloting a ‘global warming’ currieol (observation debrief). In the previous
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unit, Joseph enacted practices from methods dasding students’ learning about a puzzling
phenomenon, and reported “students loved theoringether (observation debrief).” The global
warming unit, however, was an administrative ma@dathe principal was “friends with the
curriculum group and they ‘strongly encouraged’sglgh used “air quotes”] me to follow this
curriculum with fidelity (observation debrief).”

The lesson | observed became a critical learningnemt for Joseph because he noticed
that using school-based resources as a primaryefrank for instruction limited students’
opportunities to learn science. The goal of thé wais to have students “focus on the
experimental design aspects of science while lapkirbig problems like global warming”
(observation debrief). However, Joseph’s studezitsdonstrained” by the curriculum because
they had “less voice” than the previous unit (olaaBon debrief). The task of the day was to
conduct a peer review of experimental methodsa& ki factors of climate change on plant
growth — specifically, “Wisconsin fast grow plan{®lote: These plants grow faster than
“normal” plants and are typically sold to schoatsldabs by biological supply companies].
However, as the students worked in small groupsdamithg whole class discussion, students
became “increasingly agitated” (observation deprieihally, Joseph asked the students why
they did not want to participate and students’ arswsurprised” him (observation debrief).
Students requested to do “real science again” (@asen notes), and Joseph asked students to
explain:

Student1: | thought we were going to do big projects. Winendid the English Sole in

the Puget Sound [the previous unit], that was gdbids project with growing seeds is

not great.

Student 2 | like developing explanations for one big thing.
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Student 3 Yeah, that was way better, the local problem weked on. Who cares about

plants from Wisconsin?

Student 4 Hands-on is good, yes, but hands-on with stufhaee outside. These seeds

[“Wisconsin fast grow” seeds] aren’t related to us.

This conversation marked an important learning murfar Joseph because it
“solidified, for me, that students’ ideas and mstinction around Big Ideas should not be given
a back seat to some curriculum (observation debridbte that Joseph’s stance about primary
resources became solidified — he marked the boyridween primary resources (students’
science ideas and core practices) and secondamyroes (curriculum and administrative
mandates).

Generative learning from daily changes to practice

After the global warming unit, Joseph, like Marradaaren, used students’ science ideas
in concert with primary resources to make dailynges to practice. On the first day of a unit
about homeostasis, Joseph and his students pithetea person’s body temperature would
increase when exercising. However, during the dygtio test this hypothesis, each student’s
temperature decreased. After hearing his studbatsize about this seemingly contradictory set
of data from their original hypotheses, Joseph ntadeconundrum the focus of the unit. He also
noted that he “purposefully did not look up thertezt’ answer because | wanted to theorize
authentically with students” (observation debriéfpte that Joseph did not “know” the answer
as to why temperature decreased. Instead he decidearn about the science with his students.
Like Maria and Karen, Joseph’s students ultimasélgped his pedagogical decisions as he
revisited and recast the homeostasis unit.

Joseph’s final unit: The result of generative ldagwith resources
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By the end of the school year, Joseph’s work oteng his vision of a collaborative
scientific community resulted in a neuroscience tirat would likely not have been possible at
the beginning of the year. Like Maria and Karersejh provided himself with opportunities to
hear students’ science ideas and to subsequeatlyflom practice and create units in which
students engaged in authentic science work.

Joseph’s final unit leveraged students’ interes¢amning about how the brain controls
cognition. Joseph selected a puzzling phenomenaich a scientist waved a “magic wand”
over people’s heads, and subsequently, the indagdeould no longer count coherently from 1-
30. By this point in the year, students were pregdor authentic science work — like Maria and
Karen'’s students, they understood Joseph’s paatmip expectations. During my observation,
students generated and revised a model of howr¢he Wworks, and engaged in a whole class
discussion around theories about puzzling phenomevote that, like Maria and Karen,
Joseph’s neuroscience unit emerged from his gemeldaarning using students’ science ideas as
the core resource.

Rebecca’s planning with students in mind

Like Maria, Karen, and Joseph, Rebecca used priarailysecondary resources in concert
with students’ science ideas to learn from and shmpctice. However, her learning became
more aligned with the school’s conservative exgemta over the course of the school year.

Two aspects of Rebecca’s case emerged during @ty that bear mentioning
because they influenced how she used resourceBam@to shape and learn from practice.
First, Rebecca’s department and school preach&twteease in test scores, and to achieve this
goal, they asked teachers to help students remaliect information” faster (observation

debrief). Second, Rebecca interpreted the contegtaas for fast and correct answers as a
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mandate to publically praise students’ “correctswaars during whole class discussions. This
aligned with her desire to “make a community in ethstudents feel comfortable participating
verbally in class (planning session).” Note thab&a’s planned classroom environment
differed from Maria’s, Karen’s, and Joseph’s comrtuwision — she did not focus on students’
scientific reasoning; rather, Rebecca wanted tatera space in which students participate as
long as they recited “correct” answers.

Using students’ ideas as resources early and often

| observed Rebecca navigate the tensions of hosuress should be used to shape and
learn from practice from the beginning of the sdh@ar. In October, Rebecca and her
department planned a unit about why cells shringaib water, a puzzling question that appeared
in the textbook. Rebecca tried to “incorporate bo#thods class ideas (a puzzling phenomenon)
and school expectations (using the textbook to fhekactual question)” (observation debrief).
Note that Rebecca planned to use both the methasis @onceptual framework for practice as
well as her school’s conservative expectationsunia

During my observation of her unit about osmosidédea provided students with
opportunities to share science ideas; howeverpkstoed great emphasis on students answering
guestions “correctly (observation notes).” In ttlass, students watched a video of a plant cell
shrinking in water, and then worked in small grotgseview facts stated in the film. Rebecca
walked around to each table, and stayed until desiiuproduced the correct answer. When a
student recited the answer, Rebecca told themwvileeg correct and then left the table. However,
if a student had difficulty, she focused their g to “correct answers.” For example:

Rebecca What do you mean here? [looking at student paper]

Student It's hypertonic.
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Rebecca So if you have four free water molecules insideelhy talk in terms of inside

versus outside.

Student The water leaves the cell.

Rebecca But before. What happens? What are we addinge@utside of the cell?

Student Salt water.

Rebecca So now show me that there is more salt watenaeitsf the cell. There is less

free water initially, but there is lots of free wainside the cell [leaves] (observation

notes).

Note how Rebecca worked to “fill in gaps” in stutlémnking when they responded to
her questions with “sentence fragments” during sgralup conversations (observation debrief).
During the class period, Rebecca’s emphasis onméctiranswers limited her opportunities to
hear students’ scientific reasoning.

After Rebecca circled around the room and heanmth fgach group, she announced, “Ok,
we can move on because everyone sounds like tharstand the facts (observation notes).”
Note that students’ ideas shaped Rebecca’s inginuetshe made an instructional decisions to
“move on” based students’ ideas and other primasgpurces (the curriculum and department
norms).

Daily learning shaped by conservative instructioagpectations

When | observed Rebecca’s genetics unit, she asedito use students’ science ideas in
concert with her primary resources to shape hetipe Rebecca’s instructional decisions,
however, resulted in opportunities for studentsrity share “correct” ideas, and during this unit,

students began to speak less in class if theyati#mow the “right” answer.
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On the first day of the unit, Rebecca asked hetesits to “theorize about why some
twins look similar and some look different (obseiw@a notes).” The students discussed their
ideas with a partner, a practice Rebecca implendeattéhe beginning of the school year because
“I found that they [students] are more willing toase out ideas with the whole class after they
have talked it over with a partner. | also get ande to overhear what students are thinking-
especially the ones | know will not want to speakirufront of the large class (observation
debrief).” Note that Rebecca provided herself opputies to hear student thinking, and that she
attempted to increase student participation in ot@l@ear more ideas.

Next, Rebecca used a face-to-face tool for the farsd only time, during the school year.
After talking in small groups, students inscribkdit initial ideas on sticky notes and placed the
notes on a poster. Rebecca enacted this routireel lmesmethods class ideas and her
department’s expectation to get students “partimgain class. After class, Rebecca used
students’ inscribed ideas to assess the “corregtrodésheir thinking. In reflection, she noted “I
saw that a lot of students who typically struggihwnost material seemed to really get it today!
I'm hopeful that that continues (observation ddhii®ebecca decided that her students could
move on to the next curriculum topic based on hahais of their thinking; note again that
Rebecca made consequential instructional decisiased on students’ ideas.

In the next class, Rebecca continued to navigateisle her school-based resources and
students’ science ideas to shape practice. Reletiwared a 20-minute Power Point
presentation that culminated in the definitiongehes, DNA, and alleles. After this lecture,
students completed an activity — the inventoryraits — that asked students to answer questions
such as “Do | have a widow’s peak, attached easibled other physical traits (observation

notes). This was a confirmatory activity accordiodgRebecca — “I wanted to see if they

63



understood the terms (observation debrief).” Duhegreflection, Rebecca noted that her
students needed more practice with linking “traitsineiosis, so she decided to spend one more
day “reviewing” traits (observation debrief). Agamote that Rebecca used students’ ideas —
their “correct” or “incorrect” answers to questionso determine her actions for the next class.

After a day more of reviewing traits and allelegbcca knew that her curriculum and
department wanted her to move on to Punnett squasiasexample of how her primary
resources shaped her actions. She felt pressget through the content, and lectured for 50
minutes using a Power Point presentation prepaydebdepartment chair, choosing
multimedia as the content delivery tool becaudee Rower Point provided a fast way to go
through the steps of making a Punnett square doead students to take notes about this
process so they will be able to make Punnett squbemnselves. It also gave them [students] the
chance to practice making Punnett squares (obsambrief).” At the end of class, Rebecca
saved enough time for example problems with ficlarharacters — Harry Potter and Sponge
Bob. She chose those two characters because studehheard of them, and therefore, the
characters are “relevant” to students’ lives: ‘tk@d Harry Potter traits because | was pretty
excited about them, and | thought that studenttdomlate to those better than other random
traits | chose (observation debrief).” Note thabBeca incorporated ideas from the methods
class instructional framework (using students’divexperiences), yet how she used interpreted
the practice of leveraging students’ lives was slddpy her school’s conservative instructional
expectations.

Rebecca continued with Punnett squares for two dagause students had difficulty
setting up the problems (placing alleles alongatmeside of the “boxes” to cross). On the third

day of Punnett square practice, a moment emergdeldioecca to deviate from her typical
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practice by using a student’s idea to reshapedssoh and unit. While all of the students’
guestions up to this point in the unit concernedifitation of instructions, repeating facts, and
inquires about the impending summative assessment‘ill alleles be on the test?”), Nick, a
student, asked the first substantive questioneiithit about Punnett squares. Rebecca explained
to students that scientists use Punnett squacgddolate the likelihood of one child having
particular allele combinations from their paremdgk, however, thought otherwise:

Nick: Punnett squares have four little squares, sonieains four kids.

Rebecca Go on.

Nick: So what about if there are five kids? Where dbedifth kid go?

Rebecca Great question Nick. We’'ll get to it next week.

In this class, Rebecca had an opportunity to unpack’s idea and to help him, and the
class, better understand Punnett squares — tasig#eh to shape practice based on students’
disciplinary thinking, the core of generative laagh However, she acknowledged the question
and then dismissed it to “next week”, a nebulousitéhat Rebecca used when she did not
immediately answer a question in class.

By the end of the unit, the students no longer spoless called on by Rebecca. During
the final lesson, Rebecca enacted another departnmeerdate — a lesson designed by a
curriculum company about epigenetics. The studeatshed a Novavideo about epigenetics
in which a journalist interviewed scientists abthéir work, and the scientists answered with
strings of complicated jargon. Students attemppecbimplete fill-in-blank questions on a
worksheet, and when class ended, they left rapRi§pecca acknowledged the difficulty of the
topic and was grateful for the video: “I thoughe tNOVA® video provided an understandable

and interesting explanation of epigenetics throtinghconcept of twins, which students had just
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read an article about” (observation debrief). Nbtt Rebecca seemed satisfied with her lesson,
and the unit, as she used resources to shapeduticprthat aligned with her school’s
conservative instructional expectations.

Rebecca’s final unit: The result of learning shapgdconservative instructional
expectations

By the end of the school year, Rebecca used stsidsmmence ideas and other primary
resources to plan a unit in which students rarebyer, had opportunities to engage in science
practice. Rebecca planned her final unit with Mbeaause both were the same cougar/rabbit
food web unit simultaneously. While Maria relied sitndents’ ideas to continually shape the
unit, Rebecca’s students no longer uttered anyeseatexcept “correct” answers to questions.
During my observation, Rebecca began a “concemtkhplacing a chart with vocabulary terms
that students needed to copy down in their notebatdng with the a canonical definition.
During this activity, students remained silent gslealled on by Rebecca.

When reflecting on the year, Rebecca spoke abawgthdents’ inability to “do” science.
She wondered why students seemed “bored” duringlbss, reasoning that next year “I need to
make the Power Points and lectures more engagmg {fiterview).” She concluded, ““the next
time | teach this unit [about ecology], | will bere to emphasize the fact that even maladaptive
traits remain in a population after natural setectias taken place. This will hopefully combat
the student idea that evolution happens neatlyngplg or with a particular goal in mind” (CFG
notes). Note that at the end of the school yedneBea began to think that students’ ideas were
not only “incorrect”, but that they must be “comb@t’ While Rebecca’s used the same set of
resources as Maria, Joseph, and Karen, how shehseesources, and how her school context

told her resources should be used, limited opparésrfor generative learning.
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Lucy’s planning with students in mind

Like Rebecca, Lucy used primary and secondary ressun concert with students’
science ideas, and initially, her practice aligngtth her school’'s conservative instructional
expectations. However, Lucy is uniqgue becauseemtludle of the school year, she decided to
try out more ambitious forms of teaching. Howevergy did not fully consider how she would
have to use resources differently to try out arariédrom ambitious practicd.ucy’s attempts at
ambitious practice resulted in confusion for heit #re students as she tried use resources
differently than she had previously done all year.

At the beginning of the school year, Lucy plannagtinlike Rebecca. She placed high
priority on school-based resources, such as heicalum, textbook, and department, which she
credited to her “lack of content knowledge” (plampsession). As a biology major now teaching
ninth grade physical science (physics and chemjdtocy thought that she did not know
enough about those sciences to enact ambitiouigaracshe did not know of any puzzling
phenomena, she did not understariy phenomena happened as they did, and she feared not
knowing the answers to students’ questions (planséssion).

Her school department had a wealth of experieratejitzes, and lectures already
planned — Lucy was the first new science teachredhn five years. Since the department was
cohesive in sharing ideas, tips, and strategiey, dlchieved high test scores. Lucy was expected
to “continue this trend (planning session).” Likeldecca, Lucy also wanted to establish a
classroom “community” in which “students felt sébetalk about science” (planning session).
She felt that she needed to hear students’ ideaglar to help them “fill in the gaps of their

thinking (planning session).” Note that Lucy plactddents’ science ideas as a core resource for
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her practice. She wanted to establish a commumiyhich students felt safe to participate and
so that she could help them learn science by ‘@ktheir ideas.

Using students’ ideas as resources early and often

During her first unit, Lucy used students’ scierd®as in concert with her primary
resources to shape practice. Lucy purposefullycaskedents many questions in order to “gauge
their understanding” of the topic - valence eleasr¢observation debrief). Like Rebecca, Lucy
wanted to gather information about students’ urtdaing before making the decision to move
on to the next curriculum topic. In this lesson¢ldielt “rushed to get through information
because we have to move on”, so she elicited studking and then “filled in” correct
answers when students did not state such resppobésally (observation notes). For example,
during a whole class discussion, Lucy elicitedusleht’s idea and then completed a their
answer:

Lucy: Student 1, how could Beryllium become a neutrahe

Student1: It needs the same stuff.

Lucy: Why?

Student 1: The positive and negative charge cancel out.

Lucy: Right. So Beryllium has a plus two charge andiseenegative two to cancel out

and be neutral. So yes, it has 2 valence electemtsneeds two more.

In this example, which Lucy repeated many timethenlesson, Lucy quickly assessed
student thinking, and provided the “correct” anstwased on what she heard. Thus Lucy’s
practice reflected the pull of her core resourtglents’ science ideas, and her primary school-
based resources (e.g., the curriculum).

Daily learning shaped by conservative instructioagpectations
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During my daily observations, Lucy expressed irdene changing her practice because
she was “inspired” by the February Critical Frien@soup and seeing her peers providing
students with opportunities to “do science” (obsaéinn debrief). However, Lucy did not fully
consider how she would have to use resources eliffigrto try out and learn from ambitious
practice. For example, in her unit about forces;yLied to use the conceptual framework for
instruction from methods class, selecting a pugzgtihenomenon (a gymnast’s vault) for
students to explain. However, Lucy had not yetaptieed this practice. When she planned the
explanation for students to construct, she facesioas between having students “fully explain
the gymnast and completing the learning objectikas my department wanted me to teach
(observation debrief).” Lucy reconciled this temshoy including every topic about forces from
her textbook (including 40 science terms) in thesah explanation. Note that Lucy, while
attempting to use resources differently, ultimatelyerted to her school’s instructional
expectations.

Lucy began the unit by showing a video of a gymrasiting at the Olympic trials, and
students recorded observations of where they thdogtes acted on the gymnast. Then students
worked in small groups to create initial models$eit first time all year using a face-to-face tool.
Students were confused at first, asking questiaok as “do you want the correct answer or not
(observation notes)?” Lucy offered conflicting amssvto such inquiries, sometimes answering
“No, | want to see your thinking”, while other iasices telling students “I want to make sure you
do understand what’s covered on the test (observatites).” Note that Lucy tried to use the
suite of methods-based and school-based resourcescert with student thinking

One line of thinking that emerged from student @sations concerned gravity’s effect

on the rotation and landing of the gymnast, a ttipat Lucy “did not think students would talk

69



about (observation debrief).” While she felt cortiid about how to use students’ gravity ideas,
Lucy felt “lucky because students brought up gsasita time when we have to do the egg drop
lab” (observation debrief). The egg drop lab wakepartment tradition, typically used by
physics teachers when studying force and motionylhad access to the materials and received
tips from her colleagues about how to enact theHalwever, Lucy again faced tensions about
how to use the egg drop lab materials from an amlstpractice framework. Given the logistical
challenges of the three-day lab, Lucy reverted toentonservative forms of practice in order to
“get the materials back to the teachers on timb%éovation debrief). Thus, Lucy again decided
to prioritize school-based resources as a drivaagoir in how she used students’ science ideas.
While students enjoyed creating landing pads tamize the egg’s force of impact when
dropped from 20 meters, Lucy and her students shes days on this activity without
connecting egg drop ideas to the original gymnhshpmenon.

After several more department-mandated activifyasking a tablecloth out from under
dishes and crashing toy cars together), Lucy ndtibat neither she, nor her students, made
connections between the events and the originahggtmphenomenon. Lucy did not consider
how to use the school-based resources with theadstbased resources; rather, she “assumed
students would make the connections” (observatebnidf). Note that Lucy continued to enact
department activities while still expressing a desd try out more ambitious forms of practice.

As the unit entered its last day, Lucy decidecetosit the gymnast, asking students to
revise their original small group models. Againdgints “confused because | [Lucy] did not
really tell them how to revise the models and tkegt wanting to put the right answers on the
paper” (observation debrief). Note that studentsrifusion” stemmed from Lucy’s dual

expectations for student participation in the comity— during most of the unit, Lucy expected

70



students to produce correct answers. During theatimayldays, Lucy wanted students to create
explanatory representations of the gymnast. Howéwery continued to make such instructional
decisions because she thought she helped studmitsr‘participate in the class community)
(observation debrief).

Lucy’s final unit: The result of learning shapeddopmpeting instructional expectations

For her final unit, Lucy’s curriculum directed herteach about sound. In this unit, Lucy
continued to find a “balance between school norntsraethods ideas” (observation debrief).
While Lucy debated internally about how to use veses to shape her instruction teach, her
actions continued to reflect her school’'s cons@reagxpectations.

For this unit, Lucy again chose a puzzling phenamnenwhy tuning forks make water
splash. When | observed her class, Lucy attemptegde another face-to-face tool, a summary
table, which she saw a peer bring to a Criticagials’ Group. Lucy’s students, however, were
again confused because they wondered if Lucy wasesarching for “the right answers”
(student comment, observation notes). Much likegyranast unit, Lucy offered conflicting
responses to student questions, sometimes requéssinthey “provide more factual
information”, and other times telling students tedlly theorize about the topic” (observation
notes). At the end of the lesson, Lucy summarizkdtwtudents “should have learned” from the
day’s activity. Note that Lucy allowed studentsitscuss their science ideas, but by the end of
class, decided to “fix” their “misconceptions” uthinating the pull of her department’s
instructional expectations for how to use studest&nce ideas.

When reflecting on the year, Lucy noted the inflceenf her methods class peers in
Critical Friends’ Groups to try and reprioritirewshe used various resources to learn from and

shape practice. She noted that “I wanted my stsdershare ideas better, but | don't think |
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gave them enough chances to share out” (finaliirger). Note Lucy recognized that she needed
to provide herself with different kinds of opporities to hear students’ ideas, which she
observed through her peers’ practice stories aic@riFriends’ Groups. However, she expressed
frustration that her department did not supportdifarts at ambitious practice because “it takes
too much time” (final interview). Ultimately Lucyike Rebecca used resources to limit her
opportunities for generative learning.

Learning cycles

How the participants used students’ ideas in cdmvegn other primary and secondary
resources in their school context shaped theiniegrover time. By using students’ ideas in
concert with a subset of resources when engagpedagogical reasoning and practice, the
participants opened up opportunities for their d@arning by becoming familiar with the
breadth and depth of students’ disciplinary thigkihese cycles of learning — planning,
instructing, and reflecting through the lens ofdetot thinking throughout the school year —
allowed the participants to see how student thimkwuas influenced by an array of instructional
moves, substantiating or disconfirming elementtheir critical discourses. As the participants’
prioritized resources and used them to learn frochshape practice, they initiated and continued
cycles of learning as they saw the results of thmfessional work on a daily basis (see Figure

2).
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Figure 2.

Participants’ learning Cycles

Methods
class-based
resources

School-based
resources

These cycles occur over a few days — over the emfrthe year, what the three participants leamedgenerative cycle was much different than whase on
conservative cycles learned. Each learning cyslelied using students’ science ideas as the cemuree for shaping practice. Each teacher useéstsid

ideas with other primary resources — in green - sécondary resources — in yellow — exerting lefisénce on reasoning and practice.
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Participants in generative cycles presented thevesealvith opportunities to learn from
practice that did not become available to teactwnsservative cycles because of how resources
were used differently over timdaria, Karen, and Joseph used their primary regsu@ plan
opportunities to publicize student thinking and &g them in legitimate science work — in other
words, they used resources to plan for, enact|esard from ambitious practice. When this
happened in class, the participants pressed ategstudent thinking to unearth their ideas.
During reflection teachers interrogated their ownderstanding of subject matter and pedagogy
based on students’ ideas. They revised their ptagasting their unit to be more relevant to
students’ lives and interests, sometimes scrapgmtigely what they intended to do. The more
opportunities the participants provided studentshiare their science ideas, the better
instructional decisions the participants could makmeet students’ intellectual and pedagogical
needs.

Maria, Karen, and Joseph also stand apart from ¢alend Lucy because of how they
used secondary resources as exemplars of decrsibtsenact as a teacher. Karen, for example,
spent planning time at the beginning of the sclyeal “getting rid of activities that have no
purpose”, yet were seen by her department as Maluaprevious years (Karen, initial
interview). She also noted “It’s [the textbook]lsad. It makes no sense. I've tried. I've looked
and I've read through it because a lot of timestwHalo is I'll use a reading from either...from
a textbook I'll adapt it or I'll type up parts dfor I'll photocopy parts and | haven’t used
anything. I've tried to use stuff from it. It's $@d” (planning session). Maria noted that while
her school and department provided structure ta Wey should teach, the required curriculum
had too many “throwaway days” that focused on mapan for standardized testing (Maria,

observation debrief). Therefore, she chose tohsee¢hool’'s curriculum as a framéatshe
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should teach, but ndiow she should enact instructional practices. Josegghmore blunt: “If |
look at a textbook and see that’s how they thiskduld teach, | know | need to do something
very different” (observation debrief). The primagsources, then, provided support for the
Maria, Joseph, and Karemt readily available from the school’s resour¢esnact their
ambitious vision of practice.

Participants on conservative learning cycles — Redpand Lucy — already felt
constrained by curriculum and expected pace ofunsbn — they planned to “cover” a certain
amount of information in a day and then to movemthe next required information. Rebecca
and Lucy also funneled student thinking to “corr@a$wers.” They compared students’ ideas
with canonical ideas to see where students haveomigptions. They juggled the balance of
“reteaching” and keeping the pace of the curricultfratudents had too many misconceptions,
they spent part of the next class fixing their gl@@aver time enacting routines focused on getting
students to produce correct answers reduces opypigtuto hear students’ science ideas over
time because such routines become more entrenched.

Note that Rebecca and Lucy both described thewdshand departments’ established
history of success with student learning. As neachers, Rebecca and Lucy wanted to limit
tensions between expectations from methods claag &low to use resources and their schools’
constant press for improving student test scoresdiwation debriefs). Rebecca and Lucy saw
their secondary resources — peers’ experiencestands, practice-based ideas from secondary
science methods, and tools — as providing an “igeal for instruction” at some future point in

their career, but not feasible given current irdtamal expectations at school.
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Discussion

How and why participants used resources to shagéeanmn from practice differently
over time involves interconnected elements of thedagogical reasoning, critical discourses,
and context. First, | discuss how teachers in gdiverlearning cycles recognized “points of
departure” from the conservative forms of pracpoemoted by their school — moments during
planning, instructing, and reflecting in which theyade consequential instructional decisions
about students’ participation in authentic sciem@etice. Over time these decisions provided
different learning opportunities for the students @articipants. Second, | discwgkythe
participants made their particular instructionatidmns using resources. Such an explanation
involves their pedagogical reasoning and the miediadf their critical discourses with their
school’s cultural script.

“Points of departure”

All of the participants in this study used the sauie of resources to shape and learn
from practice. However, the participants prioritiztifferent groups of resources, and by doing
so, provided a frame for how to interact with stutdéscience ideas. By using a particular group
of resources, the participants’ learning cyclesab&e generative, the core of ambitious practice,
or aligned with conservative forms of practice eaghed by their school. A question remains
about why this is the case. One element of my egplan involves “points of departure”,
moments during planning, instructing, and reflegiimwhich teachers enacting ambitious
practice recognize and make consequential instmatidecisions to scaffold students’
participation in disciplinary work that most teacfieenacting more conservative forms of

instruction, might not make (Cobb, 2011).
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In this study, the participants’ recognition of fpts of departure”, and their subsequent
actions, share two common features. First, Maragel, and Joseph — the teachers engaged in
generative learning cycles — used students’ sciglezes, and other primary resources,
differently than Rebecca and Lucy, who frequentigated conservative forms of practice.
Maria, Karen, and Joseph recognized that usingeststscience ideas in concert wikieir
primary resources afforded them opportunities &midrom practice that other conventional and
social resources (textbook, curriculum, their depant’s instructional expectations) could not
provide. For example, Maria’s recast her rollersteaunit based on José and Anthony'’s ideas,
and not because of textbook information or curacpressure to “cover” topics. Rebecca and
Lucy, while stating their interest in ambitious @itae, did not reconcile their school’s
conservative expectations with the goals of ambgiteaching. They viewed students’ science
ideas as “misconceptions”, and uskdir primary resources promoted by their school to™fix
errant thinking.

Participants’ differing use of students’ scienceas as resources aligns with Larkin’s
(2012) claim that teachers have difficulty in knag/iwhat to do with students’ ideas given the
cacophony of discourses about how to leverage studmking in science classrooms. Larkin
found that teachers who treated students’ ideassasirces for their learning, and who used
ideas about instruction that aligned with ambitipuactice, were more likely to use the
resources together to shape instruction arouncestadneeds as science learners. In such
classrooms, students also used each other’s idaasa@urces for their learning. Conversely,
Larkin found that teachers who viewed studentsagdas “misconceptions” used students’ ideas

as resources to know what to “fix” through bettdormation delivery.
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A second aspect of recognizing “points of depaftis that while all participants stated
the importance of students’ science ideas as ares®o shape and learn from practioeyw
they acted omsuch recognition depended on their pedagogicabreag. As Cochran-Smith and
Lytle (1999) note, “If learning to think like a ted@er is central to teacher knowledge, so is being
able to act effectively on these insights” (p. 2&8hile Rebecca and Lucy “hominally”
recognized students’ science ideas as resouréesndational piece of ambitious practice, their
subsequent actions and semi-structured intervieggested that school context’s press for
conservative instruction weighed heavily in theadpgogical reasoning.

As Horn (2007, 2010) noted, decisions teachers mbh&ages the kinds of opportunities
available for them to learn from practice. In thigdy, the participants’ varied reasoning with
resources, particularly students’ science ideastdaliffering learning opportunities over time.
As the year progressed, Maria, Karen, and Josephdad students with more chances to
engage in authentic disciplinary work because #régpants noticed that such ambitious
instruction opened up opportunities to hear stugehs$ciplinary reasoning. Rebecca and Lucy,
however Jimited their opportunities to learn from studedising their first unit of instruction
because they felt pressure from their school tatecanservative forms of teaching. Relative to
Maria, Karen, and Joseph, as the year progresdedbacca and Lucy’s classrooms, students
had fewer and fewer opportunities to engage ineatb disciplinary work. This perpetuation of
conservative practice constantly constrained stisdparticipation to the point that by the end of
the year, students rarely spoke and if they digred brief “right” or “wrong” answers.

Maria, Karen, and Joseph provided themselves atoessre sophisticated student
thinking as they enacted ambitious practice. Redbaod Lucy, however, limited their learning

opportunities by privileging “correct answers” owene. Maria’s recognition of her ill-
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conceived roller coaster model and subsequent eliargtudents to create a better model
resulted in a greater number of students shariegsidsuch as José and Anthony. There were
moments in Rebecca’s class, such as Nick’s queabont Punnett squares, for her to use
student ideas as a resource differently than asggebe correctness of it; however, she did not.
This finding is supported by Coffey et al. (2011)annote that teachers can create opportunities
to adapt instruction that they did not previoussyyé when they gain access to students’ ideas.

Critical discourses

Why three participants recognized “points of deyr@'tinvolved the mediation of their
critical discourses with their school’s press fonservative practice. Each participant’s learning
was driven, in part, by students’ science ideasvél@r,why participants wanted to hear
students’ science ideas differed. Teachers in géimerlearning cycles adapted instruction to
better engage students in authentic science wowsd instructional decisions emerged as
Maria, Karen, and Joseph acted on their criticetalirses around scaffolding students’
participation in science practice, including thdigciplinary reasoning, rather than view their
ideas as “misconceptions” to “repair” (Franke et 2001). As Maria, Karen, and Joseph saw the
results of their ambitious instruction framed ardtineir critical discourses, they were able to
both provide more opportunities to hear studedesais, and deflect school pressures to teach
using conservative practices.

Rebecca and Lucy also wanted to help students &ence, but their critical discourses
were more focused on creating and maintainingdagsroom environmengnd helping
students become better organized, and not on $iajostudents’ participation in science

practice. Their use of students’ ideas as resoulicesot conflict with either their critical
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discourses or their school’s expectations. Rebsawiool, for example, encouraged her to
increase student participation, which she felt avasiccessful aspect of her practice.
Conclusion

This study was an attempt to better understandtbdsetter support beginning teacher
learning through resources as they moved from eeusity-based program promoting ambitious
practice to a school context that pressed for coasige forms of teaching. Specifically, |
wanted to better understand how beginning teacleeognized and used the same set of
resources, cited as important for their learning practice, across contexts. In my study, the
participants’ differing use of the same resourcesiped them with varied opportunities to learn
from and shape practice. | want to be clear tlaat hot ascribe the participants’ use of resources
solely to their pedagogical reasoning absent ofeednor to individual “characteristics” such as
beliefs, orientations, or dispositions. Each teacha&de instructional decisions to enhance
student learning as they constantly mediated messatgput conservative forms of practice from
their school context with the expectations for arobs practice from their methods class
community.

| end with three concluding ideas that | draw from work with these participants. First,
those supporting beginning teacher learning ne&wt& across contexts, including schools
during beginners’ first years of instruction, tg@port ambitious practice with resources. One
reason to support novices across contexts is grgtdifferent messages about how similar
resources should be used exist in each settingngBiarg, 2012). Given the lack of coherence
across contexts in this study, some participarttsigported to use resources to plan for and

learn from ambitious practice while others did na@trgue thatf teacher educators want to
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provide resources to beginning teachers to supih@it learning of ambitious practice, the field
needs to help them understand how to use the ressacross contex(gnsor, 2001).

A second concluding idea is about helping beginnaderstand how professionals
enacting ambitious practice think about and “d@ithvork. As Kennedy (1999) notes, "How to
develop what a teacher thinks is the 'stuff' ofle® and the nature of teaching is one of the
greatest dilemmas of teacher education” (p. 88}.ureanswered is a question about developing
particular critical discourses related to ambitipusctice — if teacher educators want beginning
teachers to use resources in particular ways beaiag so provides opportunities for
generative learning and supporting ambitious pcactiow can the field better prepare teachers
for this thinking and action? Of equal importangehie issue of deflecting school pressure to
maintain conservative forms of practice. How cackeer educators better prepare beginning
teachers to uphold the professional standardseaf ¢hool, learn from the valuable experiences
of their colleagues in their school, and still pishambitious instruction?

A final concluding idea is that | now think abouy mwn learning as a teacher educator —
my generative learning. How does my own understandf teaching change as my methods
students learn from practice? How do | make chatmgesethods classes, and a teacher
preparation program, based on what | learn fronmmathods students? What kinds of resource
support do they need to enact ambitious practiog h@w | can adapt my own class to better
support the next cohort of beginning teachers? §uelstions help put the onus on teacher
educators, rather than novice practitioners, fppsuting the work of ambitious practice across

contexts.
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SECTION 2
Examining secondary science classrooms as episterommmunities fostering science-as-
practice

Debates about the purpose of science teachingeangihg in American K-12 schools
stretch back over 100 years (Rudolph, 2002, 20B&erally, the field of science education
agrees that students should learn both concepticeimation and methods of science (Abell,
2007; NRC, 2011). Recent literature expands expentafor students to leastience-as-
practice meaning that students, in addition to learningcepts and methods, should become
legitimate participants in the social, epistemiw) anaterial aspects of science (Duschl, 2008;
Lehrer & Schauble, 2006).

Such learning goals, however, do not match stutlerperiences as science learners in
most classrooms, particularly with regard to tHesdhey and their ideas play in the trajectory of
instruction (NRC, 2007, 2011; Windschitl, Thomps&Braaten, 2008). | argue that reframing
learning expectations around participation in dcsagence practice requires that students take
on a new role aspistemic agents individuals or groups who take, or are grantedponsibility
for knowledge production through their participatio science practice (Ahlstroms, 2010;
Damsa, Kirschner, Andriessen, Erkens, & Sins, 20i€;& Pettit 2006; Pickering, 1995;
Rupert 2005; Scardamalia, 2002; Tollefsen 20024200

Redefining the role of students as epistemic agsriisallenging because most science
instruction positions the teacher as the soleustitnal and knowledge authority — the only
epistemic agent in a classroom. As documentedgeiacale observational studies of American
classrooms, conservative science teaching limig@apnities for students to become epistemic

agents by focusing on activity rather than senslemgararely taking students’ prior knowledge
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into account during lessons, seldom pressing faleewe-based explanations, and treating
students’ ideas as incongruent with canonical seeim many classrooms, students’ science
ideas play no substantive role at all in instrutijalexander et al., 2000; Banilower et al., 2006;
Barton & Tan, 2009; Horizon Research InternatioB@03; Maskiewicz & Winters, 2012; Roth
& Garnier, 2007; Weiss, et al., 2001; NRC, 2011).

| argue that the purpose of instructiomat for a teacher to “cover curriculum” or “fix”
students’ “misconceptions.” Instead teachers cdm $tadents’ revise their science ideas over
time and provide opportunities for them to partatgoin authentic science practice using all
available resources. In this study, therefore dneixed a framework for science teaching and
learning — referred to asmbitious practice- that differs from conservative science insticti
Teachers enacting ambitious instruction suppodesits’ learning across ethnic, racial, class,
and gender categories while scaffolding their lewte participation in science practices. In
other words, teachers enacting ambitious praciike & stance thanyonecan engage in
authentic science work and view position studestsmstemic agents in a science classroom
context as part of their professional responsib{Minstrell, 1982; Warren et al., 2001; Warren
& Rosebery, 1995; Windshcitl, Thompson, Braater§t€upe, 2012).

Problem framing

Literature about ambitious practice makes a conmgetiase that teachers enacting such
instruction can redefine and scaffold studentstipigation as epistemic agents in classroom
spaces. However, two issues arise when trying tierstand how this process unfolds. First,
there are few studies in science education thahewaambitious practice as a framework for
supporting students’ learning science-as-praclibe.second issue is that science as a discipline

in the “real world” — unlike classroom spaces -ehaprovides opportunities for those without
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epistemic agency to gain access to the concegpatemic, social, and material features of the
practice. In other words, scientists who haveake} the power to make and verify knowledge
claims rarely grant such authority to others (Addal 1983; Longino, 1990; Pickering, 1995).
Yet such a redistribution of power, and therefgistemic agency, is embedded in ambitious
science teaching and students’ participation iarsm-as-practice.

Given the tensions and power struggles that cae detween teachers, students, and a
school’s historic conservative norms for instrusteround “what counts” as science teaching
and learning, | use literature from both scieneehhology, and society (STS) and the History
and Philosophy of Science (HPS) to better undedsttae complexity of epistemic classroom
activity over time. | use STS and HPS literatureduse such researchers often focus on issues
of power and epistemic agency that are rarely egglo the field of science education.

Using STS and HPS literature, | frame classroomenapistemic community a physical
and conceptual space in which actors negotiatepiar epistemologies — theories of what
knowledge is, the standards of evidence for makimgyvledge claims, the questions that are
legitimate to ask, and the limits of knowledge (tHag, 1991). An epistemic community
includes the culture of science practice, the majspatial components of a context, the
interactions between actors around science, anch#terials used to engage in science
investigations in order to understand what coustsrmwledge and why (Longino, 1990).

In this study, | examined three aspects of an emigt community that signal how
teachers and students negotiate their roles isrdam science activity, and illuminate the
science practice that emerges over time when stsidea positioned as epistemic agents (or not).
One aspect wasvho knows” — whether science practice was framed as a prardagrprise

engaged in by individuals, or if science was puphactice continually constructed and
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negotiated by a larger community. A second aspastagnitive authority- the power granted
to, or taken by, certain individuals to shape whkas known and the work that was done
(Addelson, 1983). A third aspect was tieography of science ideasvhere science ideas
originated, and how they traveled over time andugh space. | selected these three aspects
because they are connected through themes of geswerhas authority and who does not) and
the treatment of knowledge (as static “truth” orle®ble theories and ideas).

| argue that the framework for instruction that@dmteachers’ practice — ambitious
instruction or more conservative forms of teachiigfluence classroom epistemic communities
and students’ subsequent opportunities to actiateeic agents. Therefore, framing classroom
spaces as epistemic communities provides a nowgliteo how and why students learn science-
as-practice — the aim of ambitious instructiorarie purpose of ambitious instruction is to
redefine students as epistemic agents, the fieddsia better understandinghaiw using
particular instructional routines and discursivevemsupport a different kind of science in
classrooms. By utilizing lenses from STS and HRSdture that researchers apply to study how
science is made and done in variety of settingspk to apply lessons and ideas to better
understand what classroom science is and whatiitl dze.
Research questions

Using the three features of epistemic communiteeleases and a situative theoretical
framework, | conducted a multi-case study of fieginning teachers during their first year of
teaching. Though teachers and students negotiptsgtmic communities in all classrooms, |
investigated how the science activity (conceptepistemic, social, and material aspects of the

work) changed as teachers’ and students’ roleaidgipants evolved. Specifically, | asked:
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e How is science framed as a “public” or “private’aptice? Over time, how and why
does the public or private framing of science ieflae actors’ (teachers, students)
participation in the epistemic work in classrooracgs?

e How do teachers and students negotiate “what cbasata science idea in classroom
spaces? How is value assigned to science ideadsyantdom?

e How do teachers and students work on science mesagime given the kind of
epistemic community they negotiate?

Background and conceptual framework

In this section, | describe how ambitious teacluagld reframe science work in
classrooms by positioning students as epistemiotageho negotiate “what counts” as science
with their teacher. | begin by describing how Lelaed Schauble (2006) framed science teaching
and learning historically — science-as-logic, sceas-theory change, and science-as-practice, to
which | add science-as-accumulated-knowledge. 1 discuss how ambitious practice positions
students to learn “science-as-practice” and giargdes of such work in the CheChe Konnen
project and Jim Minstrell's classroom-based regedmally, | frame my study around themes
from STS and HPS literature on epistemic commusitieexplore epistemic agency in the
epistemic communities of classroom spaces.
Relating “typical” frames of science learning toyfical” teaching

Science education literature contains diverse opsabout how science should be learned
in classrooms (Chinn & Malhotra, 2002; Maskiewica\&nters, 2012; NRC, 2011). In this
section, | summarize how Lehrer and Schauble (2086)ed science teaching and learning
historically — science-as-logic, science-as-thebrgnge, and science-as-practice, to which | add

science-as-accumulated-knowledge.
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Clasrrooms framed aroursgience-as-logiemphasize the role of scientific reasoning
that can apply across disciplines, such as foramat] heuristics, and thinking strategies. In this
framing of science, evidence and disciplinary reaspare independent from the context of
theory — what scientists know and how they thirkrast dependent on any theoretical
framework, but emerge from universal process @rddic reasoning. Research in science
education pressing for science-as-logic in clagagadvocates for students to acquire strategies
for coordinating theory and evidence, to identifiglaeason about experimental design, and to
distinguish patterns of evidence that do and dasaopport a definitive conclusion (Chen &
Klahr, 1999; Fay & Klahr, 1996).

Classrooms framed arousdience-as-theory-changenbody Kuhn’s (1962) theory of
“scientific revolutions”, viewing students’ learmgjras conceptual change (Carey, 1985a,;
Samarapungavan, 1992). A student’s developmentiehtfic reasoning is like Kuhn's theory
of the development of scientific knowledge. Forrapée, some scholars suggest that students’
disciplinary knowledge evolves in ways that typigahvolve the gradual accretion of new facts,
or, occasionally, the replacement of one idea logteer (Carey, 1985b).

Classrooms framed arousdience-as-accumulated-knowledgeoke the ideals of
natural philosophy in the 1700 and 1800s. DurirggEhlightenment, scientists collected,
characterized, and categorized information abaihttural world. By accumulating information,
many people believed that “truths” about the ndtwald emerged as the sheer quantity of data
was gathered and organized (Gould, 2002; Livingst@003). In this framing of science
learning, students memorize facts from canonicdbteoks, whose authors pre-organized the

information for public consumption.
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| argue that most conservative science instruétaamed around science-as-logic, science-
as-theory-change, and science-as-accumulated-kdge/l@romote a vision of science in
classrooms that is does not align with actual sggmactice in the world. In these classrooms,
students come to view science as linear proce&oafiain free” problem solving, and that their
science ideas contain “misconceptions” that mustbeected” through the passive
accumulation of facts (Lehrer & Schauble 2006).

Such conditions provide a context for most cursamtnce teaching, the primary activity
of which is a teacher’s delivery of the “correcinonical information to students (Papert, 1993;
Sawyer, 2008). The outcome of instruction is foidehts to reproduce certain scientific work
privileged by the teacher or other instructionahauty (Cuevas, Lee, Hart, & Deaktor, 2005;
Driver, Newton, & Osborne, 2000; Reveles, Cord@&v&elly, 2004). In these epistemically
conservative classrooms, the implicit assumptidhas the ways in which students make sense
of the world do not align with canonical sciencems, and can subsequently impede their
science learning (see Ball & Cohen, 1999; Bartofiaf, 2009; Costa, 1995; Maskiewicz &
Winters; Warren & Rosebery, 1995). Therefore, teesloften implicitly or explicitly limit the
role of student thinking in classroom science pcact

Conservative science instruction limits studergarhing opportunities in three areas.
First, many students rarely participate in autleefarms of scientific practice, though they are
presented with wisps of science work in the fornprafcess skills. For example, Weiss, Pasley,
Smith, Banilower, and Heck (2003) used a nationa@presentative sample of 31 middle schools
in the United States to categorize dimensions gtfurction such as engaging students, creating
learning environments, and helping students maksesef science ideas. They found that

teachers rarely provided students with opportuniiielearn science practice, instead treating
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science as a collection of known facts and procesiukbrahams and Reiss (2012) report similar
findings in United Kingdom schools.

The second way that conservative forms of instonclimit students’ science learning
opportunities is that few teachers in Americansilasms help students link science processes to
conceptual ideas. For example, Pasley (2002) fohmickeachers rarely helped students make
connections between the data they had collectethgsroom investigations and how such
information fit into the larger ideas of a unit.drlater study, Roth, et al. (2006) analyzed TIMSS
(Third International Mathematics and Science Surweyeos and found that almost one-third of
U.S. lessons promoted students’ engagement initeesiwithout making connections to science
ideas.

The third way that conservative forms of instructionit students’ opportunities for
science learning is that teachers explicitly orlimthy position students as blank slates waiting
to absorb information, rather than as intellectealsable of sophisticated scientific reasoning.
For example, Weiss et al. (2003) found that teacfrequently asked students low-level “recall”
guestions and expected students to quickly replly thie “correct” answer. In a different study,
Bowes and Banilower (2004) analyzed lessons frasstboms and found that fewer than half of
the lessons had high-level questioning and sens@amealk as a prominent feature of
instruction.

Ambitious teaching and science-as-practice

Unlike conservative forms of instruction, ambitiqusactice redefines “what counts” as
skilled practice by helping students revise theinecientific thinking over time. By prioritizing
students’ disciplinary reasoning in a classroontepteachers enacting ambitious instruction

aim to position students as legitimate participamtscience. | argue positioning students as
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legitimate participants in science redefines thaes aspistemic agents individuals or groups
who take, or are granted, responsibility for knadge production and disciplinary work
(Ahlstroms, 2010; Damsa, Kirschner, Andriessenghlsk & Sins, 2010; List & Pettit 2006;
Pickering, 1995; Rupert 2005; Scardamalia, 2002gfisen 2002; 2004). As students become
legitimate participants in the science practicéhelfr classroom epistemic community — taking
and using their epistemic agency —they move away §cience-as-logic, science-as-theory-
change, and science-as-accumulated-knowledgepdedrhingscience-as-practice

The science-as-practibaming emerged from Lehrer and Schauble (20063cBlu
(2008), STS, and HPS literature that feature studidhow and why scientists learn and engage
in their practice. Such studies describe four disiams of disciplinary work that newcomers to
science learn in a context:

* A conceptual dimension: how theories, principlasis, ideas are used by actors to

reason with and about,

* A social dimension: how actors agree on normsrantines for handling, developing,

critiquing and using ideas,

* An epistemic dimension: The philosophical basisvhich actors decide what they

know and why they are convinced they know it,

» A material dimension: How actors create, adamd, @se tools, technologies,

inscriptions and other resources to support thedledtual work of the practice (Pickering,

1995).

These four dimensions of scientific work suggeat #tientific knowledge and reasoning
are components of a larger network of activity thatudes specialized discourse, historical

norms for participation, and is influenced by sbgalitical, and cultural aspects of a context

90



(Bazerman, 1988; Gooding, 1989; Hankinson-Nels®801Knorr-Cetina, 1999; Latour, 1999

Longino, 1990).

While studies of classrooms framed around sciesegractice are rare in science

education literature, two examples stand out. Aulgtstrell (1982) conducted a series of self-

studies in which he examined how student thinkiagame more sophisticated as he provided

them with opportunities to publically test and s&vtheir ideas. Second, the Chéche Konnen

Project framed science classroom communities ageplhere students’ intellectual, cultural,

and linguistic resources shape the class’ scientifjuiry into local questions and phenomena

(Warren & Rosebery, 1995). Their findings suggbat:t

As teachers and students gain a sense of selh@os@ who can do science, they are
more likely to try actual science in classrooms (i&fa & Rosebery, 1995);

Teachers who see students everyday argumentatibexgtanation discourses as
scientific reasoning “admit” this kind of talk ilassrooms as valid science talk, and try
to structure instruction around students’ everyiddly (Ballenger, 1997);

Teachers learn to orchestrate scientific sense+gakithe classroom by thinking
through scientific practice and linking how to knawscience to teaching and learning
(Warren & Rosebery, 1995);

Science teachers’ pedagogical development is agsdawith their identity development
as scientists (Rosebery & Puttick, 1998; Warrendsébery, 1995);

As teachers develop a scientist identity, theylpstter facilitate scientific practice and
reasoning in their classrooms (Rosebery & Putti®i©8);

When students’ everyday ideas and experiencesoaitgmed as central to instruction,

they engage scientific reasoning and practice (@veet al., 2001).
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While Minstrell's study and the CheChe Konnen pebjell the story of science-as-
practice, they do not describe the teacher’s ugithgripedagogical moves in helping to redefine
students’ roles as epistemic agents. In other wdidsstrell’s study and the CheChe Konnen
illustrate the epistemic communities that becanssiibe when students took on the role of
epistemic agents. However, these studies showpiseeenic communities as established
structures. In this study, one of my aims is tovshow and why teachers enacting ambitious
practice help establish and maintain communitieghich students act as epistemic agents.
STS and HPS lenses into classroom science practice

Studying how teachers and students participatéassmom science activity requires
lenses from STS and HPS literature because suehratsfocuses on how and why science
practice develops in epistemic communities. Astepaic community is a physical and conceptual
space in which people advance particular epistaggoltheories “what counts” as knowledge
about the natural world and the processes of gengrenowledge (Haraway, 1988, 1991,
Harding, 1991; 1993; Knorr-Cetina, 1999; Latour819Livingstone, 2003; Ochs, Jacoby, &
Gonzales, 1996; Owens, 1985). Studying epistemmeonities can focus on both physical
aspects (e.g., the tangible artifacts, the laybtih@room, and the ways in which the objects in a
space shape actors’ interactions) and conceptpatts(e.g., how and why actors discuss ideas
and explanations for natural phenomena) (Fouch984; Harding, 1991, 1993; Haraway, 1988;
Harkness, 2007; Knorr-Cetina, 1999; Latour, 198B%t Livingstone, 2003; Ochs et al., 1996;
Shapin, 1988; Smith and Agar, 1998). STS and Hfegture also notes that science practice is
negotiated between actors rather than existing asdisturbed and unaffected by the values and
interests of its context. By negotiated, | mearn wiale individuals learn what counts as science

in a context, they can, in turn, influence sciepictice over time based on their experiences
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and expectations for disciplinary wofkddelson, 1983; Hankinson-Nelson, 1990; Longiono,
1990).

While STS and HPS lenses are useful tools for stigdycience practice in the “real”
world, such studies rarely include science clagam K-12 schools as spaces for authentic
science activity. Since ambitious practice and eorative forms of instruction promote different
visions of science, understanding how science wsodone in physical and conceptual spaces
could help explain why science activity differs@ss classrooms. In this study, | use three
features of epistemic communities from STS and Hiefture to analyze science classrooms:
cognitive authority, the geography of science idaas “who knows.” All three of these aspects
relate to teaching practice because they providguerienses into instructional assumptions
teachers and students make about power and knosvieddassrooms — who has the authority to
make and work on knowledge, what happens to scielees over time, and whether science is
framed as a “public” enterprise engaged in by iitlials or is a “public” practice negotiated by
a larger community.

Cognitive authority

While science is generally thought of as indepenhdépeople’s biases, some STS and
HPS scholars argue thahois theorizing matters for what is known (Hankindégison, 1990).
As a society, certain people have, or are gramaghitive authority- their understanding of
factual matters and the nature of the world becdimgsert” knowledge (Addelson, 1983).
Granting cognitive authority to some individualsines a division of cognitive labor exists in
which in which those with such authority get tortdg" and communicate knowledge, and those
without authority are assigned the tasks and wak those with power deem necessary. These

divisions in cognitive labor result in a hierarahywhich those without cognitive authority are
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placed inless powerfupositions. Addelson (1983) suggests that suchidivésin powelhave a
bearing on how and what knowledge develops wittiense communitiesnd how that
knowledge is communicated to and received by tbietyaat large In classrooms, cognitive
authority is also distributed between teachersstndents. In conservative science classrooms,
teachers could maintain their status as cognitidkaity over students. In ambitious
classrooms, however, the division of cognitive labauld be different, since students’ science
ideas are central to the science activity.

Geography of science ideas

A second aspect of epistemic communities to conssdegeography of science ideas
how and why ideas emerge, travel, and have a phatitate that is determined by individuals
and groups in a contefdtivingstone, 2003). While analyzing the origin amévement of ideas
is rare in education research (see Saxe, GeaBtatighnessy, Earnest, Cremer, Sitabkhan,
Platas, & Young, 2009; Windschitl, 2001 for exanspdé studies examining the movement of
ideas), such analyses are common in STS and H#?&tlite. In a famous example Latour (1987)
discussed how powerful groups of scientists andipians construct “centers of calculation”, in
which they create instruments and instructiondjrauexperimental and data collection methods,
and decide what questions researchers associdietheicenter will pursue. Even as explorers
or lab technicians physically leave the center ¢okwn a peripheral location, the authorities in
the center dictate the science practices they enigatiprough the pre-established methods,
instruments, and ideas (Haraway, 1988, 1991; Lati87). Any data collected and science
ideas constructed on the periphery cannot becomenazal knowledge until the authorities at

the center of calculation process, interpret, aidlpim it true (Foucault, 1984; Latour, 1987).
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To trace the geography of science ideas, researeltamine the questions that are
deemed pertinent to answer, how data travels tlmattietthose with cognitive authority, and
where ideas and data are interpreted, verifiedp@nohitted for use in explanations (see Foucault,
1984; Hannaway, 1986; Harding, 1991; Rudolph 2@085). In conservative classrooms,
teachers could act as the center of calculatiosifipaing themselves as the subject matter
authority, presiding over the interpretation ofadathile deciding pertinent questions for students
to answer, and establishing the best answer togasstion. In “ambitious” classrooms,
however, how science ideas emerge and travel cbifiédt from conservative classrooms
because of the central role that students plajiapisig the classroom science activity.

Who knows

The third aspect of epistemic communities | consislegho knows- whether an
individual or community is considered to be thetwfi‘knowing.” Some researchers frame
science as an individual enterprise in which lorierttists discover truths about the world
(Hankinson-Nelson, 1990; Longiono, 1990). This vigvgcience positions individuals and their
actions as independent of a contextual influenger{& 1985; Hankinson-Nelson, 1990;
Longino, 1990). Other researchers, however, atdgateindividuals' ideas cannot, by themselves,
have value until they are worked on by and witreadhFrom this perspective, what individuals
come to know and how they come to know it depemdheir community’s standards for
practice. This public negotiation is more thaningtideas and peer-review to seek the truth;
science knowledge and practice shape, and areghgppublic interactions of actors, tools,
resources, and historical norms in a context (Longi990). In “traditional” classrooms,
teachers could position students as individual lersykeeping the work of science private. In

such classrooms, students’ ideas remain hidden étber students. In “ambitious” classrooms,
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however, the science work is likely public, sintedents’ ideas shape the classroom activity. In
such classrooms, students learn that their ideas value as resources for the whole class, and
that science knowledge emerges from work on théigplane.
Theoretical framework

| use situative theory to address the complexitgx@mining epistemic classroom
communities. Situative theory posits that individuaarn through their participation in activity
and interactions with actors, tools, and normg#uoticipation in a context (Cobb, 2000;
Fairbanks et al., 2010; Greeno, 2006; Peressinkd@d&omagnano, Knuth, & Willis, 2004;
Putnam & Borko, 2000; Sykes et al., 2010). For siigly, a situative perspective frames my
main unit of analysis — the activity in sciencessl@oms. | examine the epistemic community,
science practice, and changing epistemic rolestiélaghers and students negotiate over time.

Methods

Participants and context

In this multi-case study, | investigated five figsar teachers’ learning during the 2011-
2012 school year. Each participant holds a baciseli@gree in a science field and was a full-
time secondary science teacher in the Pacific Mash (See Table 2 for descriptions of the
participants). All participants completed a mast@egree in teaching from a large public
university in the northwest United States, andmytheir time at the university, were students in
the same secondary science methods class.

| first interacted with the participants as thad@ng assistant for their secondary science
teaching methods class. My duties included planmniitiy the participants, observing their
instruction during student teaching, and reflectinth them about their practice. Such

interactions with the participants helped buildpaq and trust (Merriam, 2009; Patton, 2003).
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For this study, | selected participants based andsteria: their practice history during
methods class and student teaching, and their scbotext’s instructional cultural scripts (the
historic norms and messages about what countselsing and learning — see Sykes et al., 2010).
| purposefully selected participants who demonstta range of practice histories during their
secondary science methods class and student tgaekimmee of whom readily attempting
ambitious practice, and two of whom typically emacmore typical forms of practice. |
characterized the participants’ initial practicetbries based on artifacts (methods class
assignments, and any student teaching-related desrsuch as lesson plans, assessments, and
tools and scaffolds created by participants annl ftedents), semi-structured interviews with
participants about their methods class and int@orestperiences that occurred during another
research project, classroom observations of ppamnts’ instruction, and observation debriefs.

| also selected participants based on their fiestryeaching contexts. | searched for
schools whose cultural scripts focused on typicahk of teaching, which often included
pressure to improve students’ achievement on steizea tests. The ultimate purpose of both
selection criteria was to help develop a theorgance-as-practice in classroom spaces, and not

to generalize unproblematically to similar “popudas” of teachers, students, and classrooms.
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Table 2.

Description of Participants

Pseudonym and Education

First Year Teaching

Assignment

Reasons for Selection in Study

Maria (BS in biology)

8 grade general science in

urban middle school

History of planning for, enacting, and reflectirgpat ambitious practice during
student teaching

Teaching some content (physics) outside of colleggr

First year teaching assignment different than stutkaching assignment (high

school biology)

Joseph (BS in chemistry)

Biology and algebra teache
at new project-based
learning suburban high

school

History of planning for, enacting, and reflectirgpat ambitious practice during
student teaching

Teaching content (biology) outside of college major

First year teaching assignment different than stutkaching assignment (high

school chemistry)

Karen (BS, MS, PhC. in

biology)

Biology at urban high

school

History of planning for, enacting, and reflectirgpat ambitious practice during
student teaching

Teaching content in college major (biology)

First year teaching assignment different than stutkaching assignment (high

school chemistry and physics)
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Rebecca (BS in biology)

Biology at urban high

school

History of planning for, enacting, and reflectirgpat conservative instruction
during student teaching

First year teaching assignment same as studetingaassignment (high schoo

biology)

Lucy (BS in biology)

§ grade physical science at

suburban high school

History of planning for, enacting, and reflectirgpat conservative instruction
during student teaching

Teaching content (physics and chemistry) outsideotéége major

First year teaching assignment different than stutiaching assignment (high

school biology)
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Participants’ university-based science methods<las

The participants’ classroom epistemic communitesnot be understood without some
background into their university-based science watlcourse. One goal of the secondary
science methods class in promoting ambitious in8trm was to frame-shift how the participants
thought about organizing instruction, and to samgathem into new visions of “good teaching.”
This socialization included scaffolding the pagpants’ attempts at creating a classroom space in
which students could learn science-as-practice.

| also helped organize the class around four presttonsidered to be central to
ambitious teaching: constructing the “Big Ideaiciing students’ ideas to adapt instruction,
helping students make sense of material activity, @essing students for evidence-based
explanations. These four practices served as botrganizing pedagogical framework and were
designed to scaffold students’ participation ireace-as-practice. Throughout the methods
course, the participants had opportunities to apprate the four practices using a suite of
planning tools and through microteaching — attengptine practice with peers and a methods
instructor (Grossman et al., 2009a). The purposgpfoximating the practices was for the
participants to try out the practices in a safe esitégial environment with peers and instructors
and to receive immediate and principled feedbacuttheir work. | will now describe the four
practices.

To construct a Big Idea, teachers confront thetéiraf their own understanding of the
science topic, and then investigate their topioneeting new information to state and national
standards. Second, teachers situate a scienceaiopicg other ideas to determine how
foundational the original topic is. Third, they eehine a relevant, observable, and puzzling

phenomenon for the students to explain, and cactsdraausal explanation for the observable
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phenomenon involving unseen processes or charaEteedly, teachers predict what student
success looks like as the unit progressed. For pbeara teacher could decide for a unit about
sound to focus on energy, force, and motion asdmahtal ideas. They could then select a
puzzling phenomenon, perhaps asking why windowkesindoen a car playing loud music drives
by. The teacher then constructs a causal explanatieolving molecules hitting each other.
Finally, the teacher anticipates what students trtilghk about sound and what kinds of
experiences students may have had with this phemame

When eliciting students’ ideas, teachers planfatask that can reveal a broad range of
student thinking about the target big idea, ebbiservations from students about the
phenomenon of interest to them, encourage the stsitie offer initial causal hypotheses about
the phenomenon, assist students in synthesizingtwéwa think they know and what they
want/need to know, and after class, analyzing stisdeontributions to shape instruction.

When teachers help students make sense of matetinlty, they design conversations
with students that allow them to connect variousikiof activity with the big idea. This practice
helps students understand how activities relateambservable phenomenon they have been
puzzling over, assist students in using the obsensor data collected during the activity with
the big idea, support the development of studeatatemic language as a resource for
communicating concepts and making sense of sdem#as within the classroom community.

The final practice, pressing students for evidenased explanations, requires that the
teacher help students co-construct evidence-bage#dmatory models for the puzzling
phenomenon illustrating the big idea. These modetsct students’ reasoning, linking their
observations and information from a variety of s@grstudents had experiences with to

unobservable events, structures, or processesh@sae-orient students to the possible
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explanatory models and hypotheses that could haee proposed up to this point, coordinate
students’ tentative explanations with availabledewice, prompt students to talk about the
strength of the evidence and the reasoning thied Brvidence with explanations, write a final
explanation, and have students apply the new eafanmodel in contexts beyond those
previously discussed.

After methods class ended, the participants wexeegnl in schools for three months of
student teaching experience during the 2010-20&déddgear. All the participants in this study
were student teachers in different high schoothénPacific Northwest. During student teaching,
the participants moved from a secondary to prini@tructor role in their classroom, planning,
teaching, and reflecting on lessons with theirgrs=il mentor teacher and other influential actors
— their methods class peers, instructors, and tsityesponsored “site coaches.” In addition, the
participants were required to use the ambitiousmlag tools from methods class, and had
access to the methods class website, which prowdetple lessons, units, and reflection
materials Data sources and collection

During the 2011-2012 school year | collected aralyaed multiple forms of data from
four different types of episodes: requested orrmi planning communication, classroom
observations, semi-structured interviews, and pémal development sessions. In this section,
| provide a description of the features of eacls@gé.

Data sources

Requested or informal planning communication

The first category of data sources | used for shisly involved requested or informal
planning communication that was initiated by thdipgants. When engaged in planning

communication with participants, | paid attentiorhbw they framed problems of practice
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around science activity. For example, in Augusf,22@wo participants requested to meet with
me to discuss their upcoming plans for sciencehiegc During these planning sessions, a
participant and | used their school resourcesjteot and curriculum) as well as methods class
resources (ambitious planning tools) to plan ferupcoming year. We first discussed a
framework for the school year, considering the ameéntal science ideas students should know
by the end of the year. We then broke the fundaah&tgas into units, attempting to create
yearlong story of science ideas for students. lcatetorded and transcribed each conversation.
As a researcher, | recognized my potential infleeoic the participants’ practice. However, as an
advocate of ambitious practice and a teacher edydathose to act as a resource for the
participants if they requested my assistance (gse@os about my stance as a researcher of
ambitious practice for more information).

While some planned conversations occurred at thgbimg of the 2011-2012 school
year, the most frequent form of participant-ingiiplanning communication was through email.
Participants often sent emails, requesting thaip them prepare or review their unit planning,
assessments, or activities. For email requestlied with questions and comments, and | then
saved the original email from the participant andawn reply.

During planning communications, participants fregflyediscussed science teaching and
learning in relation to their school’s cultural ipts about teaching and learning (Sykes et al.,
2010). Participants discussed a multitude of schelated topics, such as department
requirements, results from planning sessions witleagues, successes and struggles with
students, upcoming standardized assessments,atehstearning. | scripted notes or audio-

recorded such details and saved them in the gaatits’ folders, keeping track of their
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perceptions about what the school valued as tegchaience activity, and students’ roles in
classroom work.

Classroom observations

The second set of data sources | used for thiediggon was classroom observations. |
observed each participant teach during three teneds throughout the 2011-2012 school year:
October, 2011, January — April 2012, and May/J@0&2. In October 2011 and mid-May — June,
2012, | observed one lesson. The purpose of theb®ctand May/June lessons was to get a
snapshot of the participants’ classroom scienagigcat the beginning and end of the school
year, and to see evidence of both the developnfer&ssroom science activity over the school
year. In the time period of January 2012 — April20l observed each participant teach one
entire unit, meaning that | was in the same clast elay. The purpose of the unit-long
observations was to observe the development afigeiactivity in a short time, and to see
evidence of how activity was negotiated daily bedwéeachers and students.

Each participant taught a unit of different lendtlsted below are the length of each
participant’s unit that | observed daily and thenter of students in their class:

Maria: 11 days (each class period was 70 minutds 28 students)

Joseph: 9 days (each class period was 75 minute2wistudents)

Karen: 4 days (each class period was 90 minutds3&itstudents)

Rebecca: 12 days (each class period was 55 minmitte83 students)

Lucy: 15 days (each class period was 55 minutds 3dtstudents).

Video record classroom observations

One purpose of classroom observations was to aptumuch discursive interaction

between all the actors as possible. To capturendis@ interactions, | video recorded all
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classroom observations using a hand held cameeapiiimary subject on camera was the
teacher and their interactions with students duciags time — “between the bells.” | turned the
camera on when the class bell rang, and turnedaimera off when the dismissal bell sounded.

Observation notes

During each classroom observation, | wrote dowrstjaes and notes as the class
unfolded, highlighting instructional moves and agpef classroom practice to ask the
participant about during our daily debrief. For exde, | recorded and asked about moves that |
knew were planned and moves that appear spontaraaisas elevating a students’ question in
a small group to the public plane of whole classudssions. | also recorded any learning
objectives, warm-ups, and closing statements writtethe board.

Daily debriefs

| informally debriefed with teachers after eaclstas During these 10-15 minute
conversations, | scripted notes as the particigaatribed the successes and failure of the lesson
to me. In addition, | asked them about particukaiggogical moves they planned (for example,
why they use a Power Point lecture) and movesatteatinplanned or spontaneous (for example,
why they skipped over an episode listed on theydaienda). Since this lesson replay occurred
immediately after class ends, the participant rebexed specific moves and their pedagogical
reasoning, which informed their instructional demms(see Horn, 2007, 2010). When engaged in
daily debriefs with participants, | paid attentitmntheir pedagogical reasoning, critical discourses
and how they framed problems of practice arounelnea activity.

Teacher and student-created artifacts
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| collected teacher and students-created documeliated to planning, instruction, and
science activity for each unit | observed, andhalik associated with the classroom context,
including:

e lesson plans

e assessments

e instructions for activities/tasks

e the pariticpant’s analysis of student work

e tools (created, modified, or adapted by participdatsolve problems of practice)

various forms of communication, such as emalil

Data from such artifacts, when triangulated, cand®ful for making sense of teachers’
practice in their particular context (Penuel & @glier, 2009; Borko, Stecher, Martinez, Kuffner,
Barnes, Arnold, Spencer, Creighton, and Gilber§&0

Photographs of tools and scaffolds in the classroom

After classroom observations, | also took photolysagf five categories of objects that
teachers and students created: graphical insanppooduced by teachers and students, subject
matter representations, scaffolding, directionsmsofor participation. | photographed these
objects each day | was there to document how thagged during the long unit. | also wanted a
record of how the participants’ used their pedagaigieasoning and critical discourses to
provide opportunities for students to share idessguphysical representations of their thinking.

Semi-structured interviews

The third set data sources | utilized for this ditstion were semi-structured interviews.
A semi-structured approach allowed me to adapptb®col to probe participants’ comments,

ideas, and theories about practice while still s@olion the overall goal of a one-hour interview
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(Merriam, 2009; Patton, 2003). These interviews/ged the participants an opportunity to
describe their understandings about teaching ardileg (Dilley, 2000). Interviews were
recorded using two digital recorders and were 8eatprofessional transcriptionist. | conducted
three types of semi-structured interviews duririg study: A unit interview with a resource card
sort, a reflection on the first year teaching, arqersonal epistemology of science interview.

Semi-structured interview one: Unit interview indilog resource card sort

During the January — April 2012 daily unit obseiwas, | conducted three fifteen-minute
semi-structured interviews, which include a reseuwrard sort. | asked each participant to answer
guestions about their unit planning, content urtdeding, pedagogical reasoning, and classroom
activity just before their unit begins, in the mieldf their unit, and at the end of their unit (See
Appendix A for questions). Included in this senmdstured interview was a resource card sort,
which asked participants to discuss what resounteamed their pedagogical reasoning
processes during planning, instruction, and refdectLampert et al., 2011). | asked the
participants: “For this unit, you have several tgses to draw on as you plan and teach
lessons—such as your department, curriculum, ifteas university-based science methods
class, the tools from methods perhaps some otltidsnot name. How would you rank the
influence of these on your planning, teaching afilécting? Did this change over time? Why?” |
also asked the participants how they used resowigen planning, teaching, and reflecting. |
video recorded participants as they sorted cartstwose potential resources as well as blank
cards that they could have added resources orhte tdsk provided a lens into a) what
participants’ thought were resources to use whanmihg, teaching, and reflecting, b) how and
why participants view certain contextual factord a&eas as resources but not others, and c¢) how

and why participants used resources to learn fnodnshiape practice.
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Semi-structured interview two: Reflection on firgar teaching

The second semi-structured interview occurred duiime 2012, the week after school
ends in the participants’ school districts. | askeglparticipants to reflect on their planning and
instruction, to describe the details of teachingrsee in their school context, and their
experiences of working with various actors. Thasestjons allowed me to characterize the
participants’ perceived contextual affordances emtbstraints on their practice as they made
sense of teaching in their school context (see AgpeB for the questions). | audio-recorded all
interviews and sent them to a professional trapgonist.

Semi-structured interview three: Personal episteamglof science

The third semi-structured interview asked the pgodéints about their personal scientific
epistemology, which includes their understanding/bét science knowledge is, the processes
scientists engage in to collect data, and why $istsrbelieve their evidence and theories are
“correct. While few researchers ask teachers’ abmit personal epistemologies of science,
studies in science education of students’ epistegies (e.g., Sandoval, 2005; Smith, Maclin,
Houghton, & Hennessey, 2000) and STS and HPStliter&laim that an individual’s personal
epistemology of science influences both how thaynescience and how they shape the actual
science practice in spaces where they hold cogratisthority (Harkness, 2007; Hannaway,
1986; Knorr-Cetina, 1999; Owens, 1985; Rudolph,2@&hapin, 1988). The questions in the
third semi-structured interview (see Appendix Ctfte questions) allowed me to a) make sense
of the circumstances under which the participag¥ssit and reassess their understanding of
subject matter and pedagogy, b) better understantbte of participants’ conceptual
understanding of science and epistemology on pezlagogical reasoning and practice

throughout the year, and c) describe possible &dsmts between teachers’ personal
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epistemology of science, how they set up scienaetioe, and how the science practice shapes
teachers’ understanding of science. | conductexititérview once, at the end of the school year.

Professional development sessions: Critical friéiggsups

The fourth set data sources | utilized for thisdrsation came from the participants’
participation in three professional developmensgss — called “critical friends groups” (CFGS)
— throughout the 2011-2012 school year: one in @at@011, one in February 2012, and one in
May 2012. Each CFG lasted for one hour, and ocdwateéhe university where the participants
were students in their teacher preparation progiidra.purpose of the CFGs was for the
participants to share puzzles of practice that i@resed on student thinking and learning. To
illustrate the problem of practice, participantargl samples of student work and their analysis
of student thinking with a small group (4-5 peopé}heir teaching peers and a university
researcher (myself, the methods instructor, orlaratecondary science research assistant). At
each CFG, | purposefully placed 2-3 participantsiensame group, with my faculty adviser or
myself as the facilitator. The group then engageal structured conversation about the problem
of practice using a conversation protocol. The Cpfasided a lens into what participants
considered a) puzzling problems of practice torldeom, b) the science practice of their science
classroom, and c) what and how they want studerttsrtk and learn. At each CFG, | collected
teacher and student-created artifacts and recoroed about their school context, both of which
| described in previous sections.

Data analysis
In the following section | describe my analysisqass for the research questions that

guided this study. The research questions wefellasvs:
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e How is science framed as a “public” or “private’aptice? Over time, how and why
does the public or private framing of science ieflae actors’ (teachers, students)
participation in the epistemic work in classrooracgs? (Coding Category 1)

e How do teachers and students negotiate “what cbasata science idea in classroom
spaces? How is value assigned to science ideasyandom? (Coding Category 2)

e How do teachers and students work on science mesagime given the kind of
epistemic community they negotiate? (Coding Cate8or

| coded data sources using a system informed blténatures on ambitious teaching,
and typical instructional practices, science-ag{ra, as well as using emergent codes. My
coding scheme, described below, was an attemptrégifound the primary objects of analysis
while also tracing the relationships between thetractions and the larger sociocultural
context that shape teachers’ interactions and iehdal teacher development. Across all of these
codes | looked for shifts in teacher learning dr@dlassroom epistemic community over time
and looked for events, relationships, and intesastisurrounding those shifts.

Coding category 1: “Who knows”

The first category of codes to analyze epistemmmanities in classroom spaces is
identifying the unit of “knowing” — the individualctors or the classroom community. My
coding focused on who ascribes the title of “kndveard to whom such a distinction is given. |
looked at interactions between actors on the puydbdine, and in particular, during whole class
and small group conversations. During such intevast | marked how various actors describe
the work as private (ideas remain isolated ord&fhe by other actors; individuals work on

problems) or public (actors work on others’ ideasnmunity works on problems).
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When analyzing the epistemic classroom communityoked at how students and
teachers interacted together around science actimitloing so, | got a different perspective on
the science work in the classroom than if | gaveents pre- and post assessments to measure
their knowledge of science practice. For exampgti@pating in science-as-practice might
include students’ developing skill in making argumsefor their claims, recognizing a confusion
between a theory and evidence from an activity,raaling a new connection among ideas
(Engle & Conant, 2002), all of which are difficadt measure using standardized assessments.

Coding category 2: Cognitive authority

The second factor | considered when analyzing emist communities in classroom
spaces is the role of actors in exercising cogmiiuthority — the special authority given to (or
taken by) certain actors to decide who get to eagagarticular kinds of theorizing, decide
“what counts” as the epistemic aspects of sucloreag, determine what ideas should be
worked on and how, and assign value (see cogrstgraficance section) to ideas (Addelson,
1983). In physical and conceptual spaces, noctdra are trusted as reliable idea sources, nor
are all science ideas treated equally (Livingst@®83). Individuals that exercise cognitive
authority are those that the community positioneasng expertise over factual matters and the
nature of the world. Such authority can be contefbestowed on particular individuals by other
actors) or negotiated (all actors decide, togethbg has the authority to assign value to ideas
over time). As noted by STS and HPS literatureséhwith cognitive authority use their life
experiences and values as filters for deciding ‘tvdoaints” as science in their space, and thus
who is theorizing has a bearing on the actual sei@ontent and epistemology (Hankinson-
Nelson, 1990).

Coding category 3: The geography of science ideas
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The third category of codes to analyze epistemimroanities in classroom spaces is the
geographies of science ideas. While analyzingrdregrnent of science ideas as representative of
science practice is rare in science education @stdeginning in mathematics education (i.e.,
Saxe et al., 2009). Such spaces serve a sociafimnagion, introducing novices to what those in
authority consider proper practice and permittiagain kind of interactions between people and
ideas (Livingstone, 2003). To analyze the geograghgeas, | created “idea maps” in order to
track their introduction (where ideas come froneachers, students, canonical texts) and
treatment (how ideas change over time).

An important aspect of the introduction and treattrod ideas is understanding how
ideas are initiated and are “kept in play” on thip plane; in other words, how and why ideas
travel through time and space (Mercer, 2008). kan®le, science ideas could be inscribed
(recorded for particular purposes) and transpatedss space and time (for example, a teacher
recording students’ ideas on a poster, placingtster on a classroom wall, and using the poster
as a reference over the course of a unit). The wbitkscribing science ideas could also serve as
a reminder of the specific conceptual and epistemalges of a space, shaping the future
treatment of ideas (Pickering, 1995).

Understanding how individual’s cognitive authoniglates the geographies of science
ideas in physical and conceptual classroom spawe$/es unpacking how and why certain
ideas are assigned value, while other ideas amgetteas unimportant (Hempel, 1965). This
difference in an idea’s status — its cognitive gigance — refers to the epistemological and
conceptual value an idea offers to a scientific amity. This value designation by actors with
cognitive authority shapes both the present sciamck that is permitted — what current ideas

and questions should the community address, andefwork— what ideas and questions should
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a community pursue next (Hankinson-Nelson, 1996)atked which actors grant cognitive
significance to ideas, what values they assign,hevd such designations change over time.

Triangulating data sources

When analyzing field notes, transcripts, videos| @scriptions, | looked for patterns in
the codes over time about the science activityaastoom spaces. For written text (teacher and
student-created artifacts, planning emails, antstraptions of audio files), | used the codes
described above to identify patterns in participadiscourse, reasoning, and instructional
decisions. | coded inscriptions in the contextlabsroom activity with the actors’ discourse and
writing to make sense of how and why inscriptioresavcreated and used over time. Finally, for
videos, | reviewed the observations in real timeyging them if necessary to write the
equivalent of field notes (Erickson, 1986) payirggtizular attention to discussions. | used the
codes on the video notes, identifying overall teeridranscribed selected discussions verbatim,
and use the codes on the written text as previaledgribed (see Alozie, Moje, & Krajcik, 2010).
During and after analyzing single data sourcesckvprovided one lens into science classroom
activity, | triangulated the data sources. By tgalating, | mean that when analyzing the main
bodies of data, | tried to find supporting or disftoning evidence across data sources to
enhance the credibility of the hypotheses (Merria@)9; Patton, 2003).

Hypotheses emergence and testing

As | analyzed and triangulated the data sourcessaver the research questions, | looked
for hypotheses that emerge from the coding. Fdmgdbtheses — both initial and emergent — |
sought confirming and disconfirming evidence. badsntertained alternative explanations,
keeping in mind that my stance as a researcheadwatate for ambitious instruction could

skew my interpretation of the data. One way | cleedky own understanding of participant
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learning was to conduct member checks during theeati-structured interviews. | asked
participants to respond to my interpretation ofdlaéa, with the freedom to clarify, expand, or
refute my interpretations during our semi-struaiurgerviews (Merriam, 2009; Patton, 2003).

My stance as a researcher of ambitious practice

Some researchers of human learning advocate fiititnaal ethnographic methodologies,
purposefully not layering their own definition adrmpetent practice onto their analysis of
individual development (see Rogoff, 1995, 1997,2000lcott, 2005). | argue that studying
“what is” in classrooms can place teacher educatsrarchers in a quandary as they
simultaneously advocate for ambitious teachingointexts that often promote typical forms of
instruction. For example, Thompson et al. (2013jcbaded that one-third of their participants
engaged in ambitious teaching practices despit&ingin schools with cultural scripts that
promote typical instructional practices (Sykeslet2910). Yet Thompson and colleagues did
not idly watch the other two-thirds of the begirmbeachers revert to standard forms of
teaching; they actively provided support to pugirttypical instruction towards ambitious
teaching. In this study, | chose a middle grountvben these two ends of researcher continuum.
While I did not actively make unprompted pedagolgsteygestions to the participants, | did offer
ideas and planning suggestions if asked by thécpaants. | viewed my role as a resource for
shaping classroom activity if they chose to useasisuch, and | documented my role as a
resource in data collection and analysis.

Findings
In this section, | organize the findings aroundrfassertions that emerged from the data.

| state each assertion below, and then situateiaable larger findings from this study. For each
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assertion, | also indicate which epistemic commuleihs (“who knows”, cognitive authority,

and the geography of science ideas) | used whdgzamg the data to warrant the claim.

The negotiation between teachers and students alwbat counted” as science ideas
influenced a) the percentage of students shariegsidn the public plane of the
classroom community, and b) the number of sciedeas initiated and kept in play on
the public plane. To make this assertion, | usedetiistemic community lenses of “who
knows”, cognitive authority, and the geography@ésce ideas.

Participantspersonal epistemologies of sciercee.,the individual teacher’s
understanding of what science knowledge is, thege®es scientists engage in to collect
data, and why scientists believe their evidencethedries are “correct” — shaped how
the teachers positioned students as epistemicsaggrdlternatively as information
recipients in the classroom epistemic communitymiake this assertion, | used the
epistemic community lenses of “who knows”, and gtiga authority.

The teacher played a key role in publically andopsefully assigning value to ideas over
time. Using theiinstructional authority participantgositioned some ideas as important
by making discursive moves, signaling studentdtteeework on the ideas as epistemic
agents or, alternatively, to judge the informat@t‘right” or “wrong.” To make this
assertion, | used the epistemic community lensés/lod knows” and cognitive authority.
Over time, the participants’ and students’ treathodrscience ideas framed the science
activity in their classroom as “public” or “privatevork. The public or private framing of
science then influenced how teachers and studentisipated in the epistemic work in
classroom spaces over time. To make this asseltumed the epistemic community

lenses of “who knows”, cognitive authority, and tieography of science ideas.
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Students’ participation in class around their s@endeas

This section provides a description of the diffeesin classroom epistemic
communities with regards to the percentage of stisdearticipating and the number of science
ideas “in play” publically emerged between teachegularly enacting ambitious practice
(Maria, Joseph, & Karen) and those frequently eedag conservative forms of science
teaching (Rebecca & Lucy). First, | describe how ¢fassroom epistemic communities differed
with regards to student participation around saeddeas. In the following sections, | unpack
why differences emerged across classroom settings.

Across all participants’ classrooms, science idegsame known as any utterances about
conceptual, epistemic, social, and material aspgasience that emerged from canonical texts
(book, curriculum), students, or teachers. Theskided, for example, facts, theories,
hypotheses, fragmented and partial understandamgsstories from personal experiences.
Teachers and students became aware of each atherge ideas during interactions in the
public plane of whole class or small group convignsa (Note that science ideas were not the
same as instructional prompts or questions, ellease write five sentences for your
homework”; “Where do | write my name on this assngmt?”).

Though all participants and students generallyedjthat science ideas emerged from
canonical texts (book, curriculum), from studewotsfrom teachers, how science ideas were
treated, and by whom, differed between classroomeghich teachers enacted ambitious practice
and those that frequently engaged in conservatirrad of teaching.

In Maria’s, Joseph’s, and Karen’s classrooms, tercand students negotiated thay
idea regarding the conceptual, epistemic, sociahaterial aspects of science could be

considered a science idea. In addition, sciencesidesre not static; rather, they were malleable,
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tentative, and could be worked on over time by aeyio the classroom. In Rebecca and Lucy’s
classrooms, however, teachers and students apdeaagtee that science ideas would only
pertain to conceptual features of science andjditian, be regularly framed as “right” or
“wrong” by the teacher.

In this section, | describe how the understandiegotiated between teachers and
students about “what counted” as science ideas maiférence in a) the proportion of students
sharing ideas on the public plane of the classrepistemic community, and b) the number of
science ideas in play during lessons. First, tmegrgage of students sharing ideas in Maria’s,
Karen’s, and Joseph’s classrooms was consisteigityehthan the number of students
participating in Rebecca’s and Lucy’s classrooreg (Sigure 3. Please note that Karen had a
class with 55 students, which skews the pictungasficipation).

In Maria, Joseph, and Karen’s classrooms, a greatgortion of students participated as
science ideas became frequently shared on thecpulahe by the teacher and students. In
Rebecca and Lucy'’s classes, fewer students patedpublically. In fact, there was only one
instance in Lucy’s class (my first observation inrat about valence electrons) that more than
fifty percent of students participated by sharingceence idea publically. In another example,
during my final observation of Rebecca’s classropenpstudents participated by sharing
science ideas publically. This class was not antggteriod; rather, Rebecca occupied the talk
time herself by lecturing and required that stusewtrk silently on a writing assignment. In
Maria, Joseph, and Karen'’s classes, howéaaring less than fifty percent of students sharing
science on any day ideas was uncommon

The second finding that emerged from data aboutitigerstanding negotiated between

teachers and students about “what counted” asaEideas concerns the number of science
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ideas in play during lessons. The sheer quantisci@nce ideas shared publicdlly students
was higher in classrooms where science ideas weatet as “in play” and worked on over time
(see Figure 4). For example, during Maria’s nindly th a unit about roller coasters, her students

shared over 60 sciences ideas publically duringotemss period.
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Figure 3.

Proportion of Students Sharing Suoe Ideas on the Public Ple.
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This graph shows the proportiofistudents who shared ideas on the public platleeoflassroom at the beginning of the year, dusimgwhole
unit, and at the end of the year. As a reminder]ehgth of the long unit differed for each papant, as did the numt of students in their class.
Listed below are the length of each participantig that | observed daily and the number of stuslémtheir clas:

e Maria: 11 days (each class period was 70 minutes witst@®nts

119



Joseph: 9 days (each class period was 75 minute#istudents)
Karen: 4 days (each class period was 90 minutds58itstudents)
Rebecca: 12 days (each class period was 55 minitte83 students)

Lucy: 15 days (each class period was 55 minutds 3@tstudents)
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Figure 4.

Number of Science Ideas Shared by Students
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This graph shows the number of science ideas slhgretlidention the public plane of the classroom at the begof the year, during or
whole unit, and at the end of the year. As a reminithe length of the long unit diffed for each participant, as did the number of sttglentheir
class.Listed below are the length of each participantig that | observed daily and the number of stusiémtheir clas:

Maria: 11 days (each class period was 70 minutes witkt@®ents
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Joseph: 9 days (each class period was 75 minutkdistudents)
Karen: 4 days (each class period was 90 minutdsiSitstudents)
Rebecca: 12 days (each class period was 55 minitte83 students)

Lucy: 15 days (each class period was 55 minutds 3d@tstudents)
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As the graphs illustrate, distinct differences egedrin classroom epistemic communities
with regards to the percentage of students paaticig and the number of science ideas “in play”
emerged between teachers regularly enacting ambipaactice (Maria, Joseph, & Karen) and
those frequently engaged in conservative formgieinge teaching (Rebecca & Lucy). In the
following sections, | unpack why differences emergeross classroom settings and how the
participants provided different science experierfoestudents that, over time, resulted in more
than a proliferation of ideas. These experiencstefed distinctly different kinds of epistemic
communities where teachers and students took eedvenles as epistemic agents, knowledge
authorities, or recipients of information.

Teachers’ personal epistemologies of science shapelnts’ science experiences

Using data from daily classroom observations, olzgem debriefs, planning sessions,
and semi-structured interviews, it appears thap#récipantspersonal epistemology of science
shaped opportunities for students to participatiance activity in their classroom. A teacher’s
personal epistemology of science includes theiewstdnding of what science knowledge is, the
processes scientists engage in to collect datawagdcientists believe their evidence and
theories are “correct.” In addition, as the adalthe classroom, the participants had power to
shape both students’ roles in the epistemic comtyanid the daily classroom routines around
science activity using theimstructional authority Therefore, what the participants thought
science is, combined with how they thought studestisnce experiences should be shaped, had
substantial influences on the development of taestbom epistemic community, and

subsequently, students’ opportunities to parti@patscience as epistemic agents (or not).

123



In the following sections, | describe each paraaips personal epistemology of science
and how their developing theory of science shapeit pedagogical vision. While all
participants shared some common ideas about scffaraexample, scientists interact socially to
argue about knowledge claims), each teacher’s patgpistemology featured unique aspects
based on their own experiences as learners ofisbglihe. All quotes from participants come
from the personal epistemology of science semetired interview.

Karen: the “messy” work of empirical and experimgrgcience

Karen, a doctoral candidate in ecology before clmngareers, spoke often about the
work of science asmpirical and experimentdlrying to explain the world “around us.” As a
doctoral student, Karen was privy to multiple asp@t science practice: “I liked the kind of
work that | got to do and | liked designing expezimts and going out and the whole process
from start to finish. And I just loved reading altis and papers about people doing cool research
and picking them apart.” Karen viewed this worksbéring evidence publically and working on
theories as foundational for science and her owanse teaching: “You use data to lead to
theories, which have broad explanatory power awdla body of supporting evidence. Then
you interpret the results and then communicatetthatlarger audience.” These processes were
important to Karen because she thought that setentiere people who make informed decisions
and hypotheses through controlled experimentaticanenical science knowledge emerggsr
experiments are run, theories are vetted, and @eased about.

Karen wanted her teaching to be the opposite obhverexperiences in secondary and
higher education, which consisted mostly of memogzocabulary and taking notes. Instead,
Karen wanted students to “participate as scientistsknowledge-making community.” Creating

such a community required Karen to confer someeotchgnitive authority to students, stating,
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“I learn with and from my students, even if thatang “I don’t ‘figure out’ solutions and science
ahead of time.” This suggests that Karen vieweddleras a facilitator, noting “I try to guide
students’ reasoning and actions: “I just try toegilkem scaffolding and space to do that. You just
have to build a community where it's okay to taisks and it's okay to talk and it's okay to be
‘wrong’.” Note the community-building — Karen viedder role not as the knowledge authority,
but rather as the person who is responsible fguilglIstudents participate in authentic
disciplinary work.

Maria: “Tinkering” with materials and ideas

Like Karen, Maria also had a background in resebrology as an undergraduate. These
experiences provided her with insight into sciepiaetice, which she viewed as a process of
informed tinkering- making evidence-based, in-the-moment decisibostaand revisions to,
theories, hypotheses, equipment, and other aspestsence work while simultaneously making
claims about the natural world. Unlike Karen, Mariewed material manipulation a key feature
of science practice.

Maria also noted that scientists make knowledggust tossing ideas around and saying
things that might be crazy - but make another petBmk, "Wait, that sounds crazy but this part
actually isn't.” In this way, Maria, unlike Karewiewed science as a social enterprise in which
scientists build off of each other’s ideas: “Intfdatis through scientists’ willingness to examine
other ideas that science happens at all. | meamasy of these things we have strong evidence
for only until someone finds strong evidence famsthing else. Keeping things open and
investigate-able is, | think, the true nature aésce.”

Maria, like Karen, did not have fond memories aésce in secondary school. She did

not “remember much about middle school sciencemxbat my teachers were strong-willed
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male teachers who lectured a lot.” Also like Karglaria’'s research experiences changed her
image of science — she began to think of scientasnmformation in books, but as a way to
explain, “how the natural world is constructed.”

In her science classroom, Maria wanted studeng tmpen to hearing and using each
other’s ideas “on the fly” to “revise their ideasdamodels.” To do so, Maria wanted to build a
safe and collaborative community. She explicitlyti@ned community, wanting students to
understand that “science is a community that treelsomething to give to. That it is, yes, a
collection of ideas - but not a collection of fadtgs revisable, depends on a diverse input, and
will never be a truly complete field until theretise representation of our world in it.” Maria’s
definition of equity in science — that there isuérrepresentation” if everyone participates —
underlies how she thought science should be tangdthools. Included in a “true representation”
of science was Maria providing opportunities fardgnts to take up epistemic agency. Like
Karen, Maria was prepared to learn “with my studeitout science, not just tell them the truth.”
Maria’s stance included her acknowledgement of éutainty” in daily practice: “I know that
my students may have an idea that comes out of @@dr doesn’t seem connected to our topic.
My job is to work with that idea and that studeatause for them, their idea connects somehow.
Nothing is irrelevant.”

For Maria, this meant her role, like Karen, wasattlitate and “fade away” into the
background as the year goes on. Maria plannedvie $tadents work on science ideas as objects
of interrogation and revision by “sharing ideagplaiing their observations, suggesting changes
with explanations, trying to explain why somethhmgppened the way it did, asking others for
their ideas, challenging ideas, changing their @®as, collecting data for a purpose, compiling

a product by synthesizing pieces of ideas, opeamgnd finding something that excites them.”
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To do so, Maria wanted to teach students how teeash other’s science ideas as resources for
advancing their understanding of science practice.

Joseph: “Turning down the volume of white guysaate”

Joseph, like Karen and Maria, had experiences dsgi@nce research, and discussed
science practice as a process by which peopleloak at the world around us, ask questions
and then to know how to figure out the answerfitsé¢ questions.” Joseph’s research
experiences as a chemist also shaped his unddrgiahdt science is an “ever-changing
amorphous beast in which we don’t have all the anstylike Maria and Karen, Joseph thought
that science was “uncertain,” and this influenced e thought science should be taught.
Unlike Karen and Maria, Joseph’s personal episteqyélso placed great value on the human
body as a sensory object (using one’s sense of,ssigt, touch as evidence) and research tool,
wanting student to use evidence from “what they, faaell, and hear during experiments.”

To teach science, Joseph, like Maria and Karentetdaio build a safe and collaborative
community in which “we [teacher and students] tblout our science ideas, data, and questions.
We use our space to share ideas, not shut them.'tddeseph, like Karen and Maria, planned to
have students work on their science ideas as agbpédnterrogation and revision by placing
value on every student’s idea, not just the “big guthe white coat and the fancy glasses with
the buck teeth, who's rich, white, and old, yeals lget a lot of letters after his name but he
doesn’t know everything.”

Joseph noted that other science teachers lectdrpramide “fact delivery”, but “that’s
not what grown-up science looks like.” In other d®rJoseph wanted to use his understanding
of authentic science to shape the science thatld@ppen his classroom. This meant he had to

“not to flatignore the guy in the big white coat with the Higffiy mustache who’s white, rich,
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and dead, but to turn down his volume, because kidas are really important.” Therefore,
Joseph viewed his role as a “coach” of studentseaing and action as scientists. Such a role
for Joseph meant, like Maria and Karen, confersage of his cognitive authority to students
and preparing himself for the uncertainty of studereasoning and actions: “learning with them
[students] even if it means | do not figure outusioins to the science problems ahead of time.”

Rebecca: Organization and information

Like Karen and Maria, Rebecca had a backgroundoiody. Unlike the first three
participants, however, Rebecca did not conducthseieesearch in college or graduate school.
During her undergraduate years, Rebecca liked ibrdy professors because they made
science “interesting.” She enjoyed the laboratamypponents of her coursework, citing, for
example the thrill of animal dissections, whichdghuher “about the function of organs and why
they [animals] needed such organs to survive.” Redis interest in dissections illuminated her
understanding of science practice as a “very omgahand a straightforward way to learn about
the world” — scientists described the natural waddt existed and classified that information so
that other people can learn the “truth.”

Like Karen, Rebecca thought that scientists byatiruthe work of others — “Scientists
are more ‘important’ [uses fingers as quotationkspor smarter than non-scientists about
science issues, and can come up with somethinghtbgte interested in looking at further by
examining the work of others, they try to use ttierstific community to figure out what is
known about a certain topic and then work on fjlin gaps of what they don’t know.” However,
Rebecca’s personal epistemology of science differa Karen’s personal epistemology in two
important ways. First, for Rebecca, a scientistthdsiow what facts currently exist before they

can solve problems — one must be aware of whablestad science thinks are gaps to fill in the
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knowledge canon. Second, Rebecca emphasized tiaedmg of power in science practice —
those who have been positioned by science as “atiisd get to decide what the gaps are and
require new practitioners to “fill in” those gaps.

Like Karen and Maria, Rebecca recounted her owarstary science learning
experiences as “worthless.” She recalled “almo#ting from high school biology and
chemistry. | remember it being memorization anakeihg learning the facts and you're good.
That was basically all.” For Rebecca, science tegcmeant making science “relevant and
interesting” for students because she did not wearh to think of science as memorizing
random pieces of information and not understandihyg they are learning what they are
learning.

To make students excited about science learningeé®a wanted to create a community
that helped students participate in class. Shalnote

“A science class community should be a place wkel® participate. Ever
since the beginning of this school year | was gyim get oral participation
up. That was especially difficult because typicaiby have the kids that
always want to answer the questions and then soatguist will never.
And then that class is very highly populated witl.Eand SPED students
that it’s difficult for them anyway to be able toontribute].”

To achieve the kind of science community in whittkdents would frequently participate,
Rebecca viewed her role as an organizer. She rivtadan organizational freak and in trying to
make some sort of comprehensive explanation fih'digive them [students] some sort of way
to organize themselves in trying to like put evieyy) together that we’d learned in a unit it

would have been impossible. Like they just probatdyld have lost a bunch of the things. Or
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just maybe it wouldn’t be in a coherent order.” &lthat unlike Maria, Joseph, and Karen,
Rebecca seems averse to uncertainty in sciencegeraad her instruction.

Rebecca also struggled to make sense of her &ntivdedge authority in a classroom.
Rebecca knew that “the idea of authority is reblfywith kids. They believe ‘Oh, you
[Rebecca] are a science authority. | will trustetlyawhat you say.” And not—I'm trying to get
them away from seeing me sometimes as that betaats® how my—most of my education
was. It’s like, ‘Well the teacher knows everythirigiowever, Rebecca thought part of her
professional responsibility was to “hit the reqdistandards” and help students “tell a full
explanation of a phenomenon using required cumrmauopics”, both of which illustrate her
willingness to follow rigid department norms foathing and learning.

Lucy: Evidence-based winners and losers

Like Rebecca, Lucy was a science major with litdgearch experience. Lucy became
interested in science in college because of hdegsors, specifically in anthropology, which
“led me to human evolution and that kind of led mere into biology.” Lucy noted that
biological anthropology is “rife with emotion andegsure to get the human story straight.”
Therefore, Lucy thought that scientists must distaihemselves from their feelings and “what
they want the story to be.” This view that scietstisreak away from emotion led to Lucy’s
characterization of science as a practice of “wisraad losers”, the “winners” being those
whose theories “have the most evidence to suppenhtand that are reproducible.” A key
feature of Lucy’s personal epistemology in her desion of science the foundational role
“evidence” plays in separating “truth” from “fictio’ Note that in these three quotes, Lucy’s
distinguishes between “winners” or “losers” basaeccwidence influenced what she thought

science teaching and learning should be.
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Like all the participants, Lucy did not enjoy hereice experiences in secondary school.
She noted she learned science by “studying and mangstuff and | studied and memorized
science not as much as other classes.” She aled tiait she often had “no idea what the facts
mean at all. Therefore, Lucy wanted to “build aesafid collaborative community in which
students worked together on some common expertbegecan get evidence about.” Part of
building community was helping students see theait thood ideas are supported by evidence —
“A good science community is a place where studieas that the distinction between ideas
that a kid or any person has, and science idebsjng able to support them [science ideas] with
evidence.”

To achieve this community, Lucy thought her rolesw@be a “questioner, getting
students to take a step back and think about wleat tesults mean, or maybe why they got the
results that they did” (personal epistemology wmitar). Note how Lucy’s consideration of
student thinking sounds like how Maria, Karen, dndeph position students’ science ideas.
However, Lucy struggled, like Rebecca, with theahak between letting students “do science
that they [students] want to” and ensuring thatlshiis leave her class with correct canonical
information. Lucy admitted being “scared that studevould share out misconceptions in class”,
and her job was to fix the false ideas — “I guems iun into more opportunities for kids to teach
each other things incorrectly, but...so then | gyesskind of have to intervene there and put up
a red flag” (personal epistemology interview). Téfere, Lucy wanted to create opportunities for
students to think about science, but which sherobbetl and regulated through “fixing”
misconceptions, like Rebecca, reducing uncertamher daily classroom activity.

Note thatall participants discussed the importance of buildimgramunity in which

students shared science ideas. However, two thstaed out from interviews with participants
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that illustrate qualitative differences betweentipgrants routinely enacting ambitious practice
(Maria, Joseph, & Karen) and those engaged in coatee forms of science instruction
(Rebecca & Lucy). First, Karen, Maria, and Josempleasized the importance of viewing both
studentsand scientists’ science ideas as objects of interfogatnd revision on the public plane
in their classroom spaces. For example, Maria dset how she required students to test the
validity of canonical knowledge when they engageuddrious activities. Rebecca and Lucy,
however, thought of science ideas as static araegdla higher value on scientists’ “correct”
ideas rather than on students’ “misconceptionsr’dxample, Rebecca described her role as one
who “fixes” student thinking using canonical knoddge as a tool for “conceptual change”
(personal epistemology of science interview). Sdcé@ren, Maria, and Joseph recognized and
accepted that, inherent in their enactment of doustinstruction, waa risk of uncertainty
about what students might say and iioacknowledging this risk, Karen, Maria, and Jibse
viewed their role as “facilitators of a classrooamununity” (Karen, personal epistemology of
science interview). Rebecca and Lucy, howeverudsed the need to help students become
“better organized” and focus their “misconceptiotstanonical science ideas (personal
epistemology of science interview).
Teacher’s role in assigning value to ideas

Given each participant’s personal epistemologycarse, | now describe how the
teachers publically and purposefully assigned veduscience ideas over time using their
instructional authorityto position some ideas as important while shuttitiger ideas down. To
assign value to science ideas (i.e., give somaceigleas moreognitive significancéhan other

ideas), the participants made discursive movesd¢owage or discourage student participation.
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In Table 3 below, | describe the different kinddafcursive moves that | categorized during
data analysis.

In Maria, Joseph, and Karen’s classrooms, sciete&siwere rarely positioned as “right”
or “wrong”; instead, they were treated as resoufoethe community’s science work. Maria,
Karen, and Joseph all assigned value to ideagptbatoted productive puzzlement or reasoning
and simultaneously signaled that such contributieese welcome on the public plane. Rebecca
and Lucy, however, assigned a “truth value” to gjeehich precluded interrogation of the idea
itself by the epistemic community. In other worBgbecca and Lucy made it clear to students
that science ideas could only be treated as “rightiwvrong” answers and questions (i.e.,
students could ask “wrong” questions) that thelgegiticcepted or dismissed as irrelevant to their

classroom community.
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Table 3.

Participants’ Discursive Moves to Assign Value ¢teeSce Ideas

Discursive Move Category Examples from Ambitious Gissrooms

Examples from Conservative Classrooms

Epistemic Press on Teachers asked each other for evidence or idesagpmort or refute prior
Students’ Science Ideas: statements:

A public statement about  Maria: “How do you know that?”

the knowledge status of a Karen: “What is your evidence?”

science idea Joseph: “Unpack that claim some more.”

Teachers asked students about the “correctness
of ideas:

Lucy: “What is wrong with what you just said?”
Rebecca: “How can we fix [a student’s] wrong

answer?”

Question A public Clarify (Asking students to unpack their thinking) — Kar&fthat do you

guestion about an idea or a mean? Please tell me more about your idea.”

guestion designed to

prompt idea sharing or Soliciting information(genuine desire to understand situation better):

emergence Joseph: “Rose, you just told the class about ygpegence in going in a
sauna after a cold swim. Could you please go fufilier — what did you

notice about your shivering that seemed to corwébthomeostasis?”

Participation (encouraging sharing ideas on public plane) Jasépfant
to know all of your ideas. If you are not comfotabharing right now out
loud, write down your hypothesis on a piece of papel turn it in. | need

to see everyone’s thoughts.”

Clarify (Used to “diagnose” misconceptions):
Lucy: “What do you mean? Do you really mear

something else?”

Soliciting information Rebecca: “How many of

you have ever seen twins?”

Asking students to participatBebecca: “Can

you please to pay attention so we can finish this

practice problem?”

Rhetorical(a question posed typically at the end

134



of discussion that is never again addressed):
Metacognitive(why are you doing this?) Maria: “How does whatiygaid Rebecca: “How could a fertilized egg split to
just now relate to our model/activity/current idbeead (when student have twins? We're now left with that question
says something tangential, she does not dismis&l#): | want you to be until another day.”

aware of how your thinking is changing over time.”

Signal: A public statement Participation (general expectations for how to participate ass): Maria: Participation in classroom and/or science

indicating how students and"If you are finished, help others. We are all rezgible for each other's  community(general expectations for how to

the teacher should learning.” Karen: “When one person is sharing, goee else is silent. We participate in class): Rebecca: “It is silent titae
participate in the classroom respect, listen, and consider all ideas in thisscia work on your own ideas; be sure to tell me when
community. Quality of idea(value — it's cognitive significance): Karen: “Imt worry you are finished so | can check your work.”

about being correct — just worry about ‘did | usalence from my life or

a class activity when | said what | said?”” Joséptaur idea is very Quality of idea(value — it's cognitive
strong because you used your peers’ hypothesesiaddo tie them significance) Lucy: “That is correct.” Rebecca:
together.” “Nope, try again.”

Ascribing ownershipf ideas(Using students’ ideas as resources during Ascribingownership of idea@Jsing students’

fad

class time): Maria: “Michael has this hypotheseswe will call it ideas as resources during class time): Rebecc
‘Michael’s hypothesis’ and | will write it on theolard so we can testit.” “Did everyone see how Jonas said that? That'g

the way your explanation should sound.”
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Ascribing agencyTeacher telling students they can think andiketd
scientist). Joseph: “We are testing your ideaspmiae.” Maria: “this is
your time to reason and make claims, you can ti&#ren: “The local

government scientists need your help — you knongththey do not.”

Ascribing agencyRebecca: “Let’s now look at
the textbook’s answers to fix our mistakes.”
Lucy: “That was great talking in small groups.
Take out paper to copy down the right answer

from these Power Point notes.”

Publicize Private Ideas:
Teachers publically and
purposefully telling
students ideas or actions
that students typically do

not have access to

Revoicing(Teachers or students publically restate a sciatea:Joseph:
“Here’s what | heard you say [repeats student'srwm® idea]. What do

other people think?”

SummarizindTeachers or students repeat several scienceiitegiation
to a science activity): Maria: “Let’s take a secamdl see where we are
because we have three ideas in play right now. Rolems that when
potential energy goes down, kinetic energy goesShpana agrees, but
she is wondering about the role of friction in th@ssible relationship.
Tran is hypothesizing that if we move the starfioint of the roller
coaster higher the kinetic energy will increase aiiddecrease friction’s

force.”

Revoicing(Teacher repeats student’s science iq
to gauge the “correctness” of the idea): Lucy: “
think | heard you saying that the more
acceleration something has, the more force it

has?” Student: “Yes.” Lucy: “That’s true.”

SummarizindTeacher “stiches” together
students’ science ideas to construct correct
answer): Rebecca: “I'm going to take all of the
ideas I've heard and put them together for the

correct answer.”

ea
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Reasonindpedagogical and scientific — Teacher explains thiey

engage in certain actions or answered a questiarparticular way):
Maria: “We are doing this summary table because@ex to organize our
activities and see what evidence we have, and Becaa need to make
claims using evidence — we cannot just say thisissjust because. The

summary table helps us link evidence to parts ofaplanatory model.”

Instructions: How to begin
and complete a task,
routine, or discussion.
Often include participatory

norms.

Maria: “You have five minutes to finish writing yotiypothesis and then Rebecca: “You have five minutes to complete the

discuss it with your partner. Remember to use emdavhen talkingto  writing assignment. Be sure to make your
each other, and ask each other questions if yoit doderstand your paragraph five sentences long. You are require

partner’s hypothesis.” to turn this in at the end of class.”

Tagging on Teacher or
student injects facts or
information to a

conversation.

Student: “The average body temperature is 97 degrédeseph: “Actually Student: “Carbon has four valence electrons.”
it's 98.6 degrees. But your statement begs twotores First, what does Lucy: “Because it already has two electrons in
‘average body temperature mean’? Two, why is i6@grees and not 97 inner shell.”

degrees?”

Push or Pull Ideas:
Dismissing (pushing) or
extracting (pulling)

students’ science ideas

Pulling ideas:Maria: “I see that no one wants to share theirgd@hat's  Pulling ideas Rebecca: “Where is DNA?”
alright. | will use my ‘name bucket’ [a bucket wiglach student’s name onStudent: “In a cell.” Rebecca: “Where?” Studer
a piece of paper] and draw someone to speak. tiggrtalk, | will draw  “Inside.” Rebecca: “Where?” Student: “In the

again, and the next person has to add onto thefrson’s idea.” nucleus.” Rebecca: “Good.”

d
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during discussion

Pushing ideasStudent: “Why do some parents
have triplets?” Rebecca: “That doesn’t have to
with our conversation about twins right now.”

Student: “What about valence electrons of mid
elements? “Lucy: “We might get to those next

week.”

3|

e

“Move on” Moments: Providing space for “tangential” tal{Teacher lets student ask question
Teacher cuts off or share their idea and provides them with a wasetp idea in play):
conversation or idea Student: “l heard that astronauts say going upricket is like a roller
sharing for the purpose of coaster. Is that true?” Maria: “That is an intergsidea. We don't have
advancing through an time to talk about it right now, but if you writedown and put it in our
agenda/schedule/curriculunclass ‘parking lot’ [a poster used for studentwitiie down any question
or idea they have about science], | or anotherestudill answer it before

the unit is over.”

Refocusing “tangential” tal{Teacher lets
students talk about ideas related to topic, but tk
refocuses student thinking): Lucy [after hearing
students’ science ideas]: “| want to reign you
back in.”

Cutting off ideagTeacher abruptly stops studen
from discussing their idea more in public):
Student: “How do scientists know that alleles a
alleles” Rebecca: “That's enough of that. We

need to move on.”

ne
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Note that sometimes all participants used similsecutsive moves, such as “clarify.” However, soragtipipants used certain discursive moves
while other participants did not. If a discursiveva does not appear in a cell of the table, thansé¢ did not observe that particular move in the

participants’ classrooms. For example, Rebeccd.and both asked “rhetorical” questions to studehtg,Maria, Joseph, and Karen did not.
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Science as “public” or “private” practice

The discursive moves made by teachers to placaicesilue on science ideas,
particularly students’ science ideas, represenffedi® to make the science work “public” or
“private” in the classroom epistemic communitiesaar, Joseph, and Karen negotiated science
as a “public” practice with students in their clagsn epistemic communities. As a public
practice, teachers and students together engadbd aonceptual, epistemic, social, and material
aspects of science work over time, and as a resilgnced their collective understanding of
science in their localized classroom context. Redend Lucy negotiated science as a “private”
practice with students in their classroom epistetnimmunities. Rebecca and Lucy frequently
positioned students as solitary individuals resgmagor completing tasks alone and silently. As
a result, students had limited opportunities fdlatmrative learning in their classroom context.

To negotiate an epistemic community in which tlesstoom community is the “knower”,
Maria, Joseph, Karen and their students positi@aeth other as responsible for everyone’s
learning and for the science work. This negotiabegan at the beginning of the year when
Maria, Joseph, and Karen helped create a safe@tasspace for sharing ideas. For example,
Joseph told his class, “We need to be able toatatlut science ideas, data, and questions. We
need this kind of space to share ideas” (obsenmvatites). If during a whole class discussion the
noise level was too loud, Maria reminded the clagsyr peer is speaking, please give them the
respect they deserve. The more ideas that are,ltarthore you’ll learn” (observation notes).
Maria and Joseph linked a safe space for shargmgsidearning, and science together, and in
doing so, advanced their view of science that tmaraunity is the unit that creates knowledge.

Like Maria and Joseph, Karen framed class as arileg community”, stating “We have so
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much knowledge in room, we want to share knowlestgghold each other accountable. You're
not just talking to me, you're talking to each ath@bservation notes).

Maria, Joseph, and Karen also worked to connedests and their ideas togethEor
example, Joseph told three students during a grmalp discussion, “I like this group’s idea
because it's different — a different train of thbtid’d like for you to share that during whole
class talk” (observation notes). Joseph wanteddke elevated because he knew that the
classroom community needed to hear it in ordedi@ace the whole class’ understanding. In
another move, Joseph sent student “ambassadorgicaduring small group discussions. As
students talked in small groups, this outside gmtative infused new ideas not currently
available in the conversation. Maria also encouttagjadents to talk to each other about ideas or
guestions that she could have answered. For exambpén looking at students work in small
groups, she said, “Oh Jean, you should talk torTile’s thinking in similar ways to you”
(observation notes). Maria enacted these discursoaes to “help students see that they could
use each other’s ideas to learn” (observation dfbifhese statement and actions support Maria,
Joseph, and Karen'’s statements during their perepmstemology interviews about wanting to
create a community in their classroom in which ehid carried out science work.

Maria, Joseph, and Karen also purposefully chosetdknow” the complete
explanation of the complex phenomenon they organiegen planning their unit because they
wanted to authentically learn with students. Josegitained why he chose not to know when a
student asked if he knew the “real answer” to tiiezpng phenomenon: “A lot of times, teachers
have you [students] pretend to be scientists assgapto actually being scientists. Instead, |

want to be a scientist with you as we figure thistogether(observation notes). In this
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statement, Joseph told students that he expectstthparticipate as scientists in the classroom
and that he wants to work together to solve thelmg phenomenon.

Unlike Maria, Joseph, and Karen, Rebecca and Legptiated science as a “private”
practice with students in their classroom epistezpimmunities. One means to privatize science
was for teachers to make purposeful statements aheindividual nature of science and
learning. For example, Rebecca frequently toldesttshot to work together'work on your
science assignment alone because you [studentsgdsgrensible for your own learning”
(observation notes). This resulted in studentdaging opportunities to collaborate together to
work on science ideas unlike Maria, Joseph, an@iarstudents. Rebecca also placed students
in competition with each other for individual sussénanding out prizes, for example, to students
who scored the highest on quizzes. As studentsemdaridividually on assignments, she would
often say out loud “Wow, [student name] is almamel See if you all can catch up with him”
(observation notes).

Subsequently, students learned that successfutipation in Rebecca and Lucy’s
classrooms meant becoming adept at “playing sch8taldents often guessed what Rebecca or
Lucy wanted them to say by following the teachesgdlicit and tacit cues about the importance
of information memorization and recall. Studentsrggonsiderable time completing
assignments silently and individually, while beiegninded by Lucy, for example, that their
main task was to “finish before the bell rings” ¢ebvation notes). By holding students, not the
class, responsible for the intellectual work, Relaeand Lucy isolated students and reduced the
number of students willing to publically share scie ideas over time.

The role of “space” in science practice
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In addition to discursive moves made by the tegdkeof the participants used physical
classroom space to shape the treatment of scidaas on the public plane. In this section, |
describe two features of the physical classroorsesgiaat influenced the classroom community:
the layout of the classroom and inscribing sciadeas.

Each participant’s classroom shared features faumnabst classrooms, such as tables,
desks, a dry erase board, an overhead projectiQtaer common objects. How the participants
used the space and objects in their classroomeinded the kind of epistemic community
negotiated between teachers and students. Mariaxfonple, created an “idea space” in her
classroom. In “idea space”, students physicallyiedra chair to the back of the room, sat close
together, and discussed theories, partial undetistgs of concepts, and observations from
activities. Maria scaffolded these discussions avhmkcribing students’ science ideas on a poster,
which she then hung on a wall. Maria and her sttedeagotiated that “idea space” was not a
place for “right” answers; rather, students “knoWwem they’re back there that it doesn’t matter if
they are “right’, I'm [Maria] going to write it dan. That there’s no wrong answer” (observation
debrief). Maria and her students set up “idea sp@ace specific kind of interaction — a safe
environment for sharing science ideas “in progrestiat became a place where students felt
comfortable engaging in conversations they might@® comfortable with at their “regular”
desks. Karen and Joseph also partitioned parteaf thom off as a “safe” space for students to
share science ideas. One student told Karen, “Mgriee part of the unit is when we go to the
place to share ideas without worrying if they averect” (observation notes). Joseph’s students
also rearranged the chairs during idea-sharing, tmowing their seats out away from tables and

into a circle.
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Rebecca also divided her classroom into two disBpaces. At the front of the room,
students’ desks faced the overhead projector scageheach day, they copied notes about
canonical science that Rebecca put on public digdang a Power Point presentation. Even
Rebecca deferred to canonical science texts byviegderself from the front of the room and
siting on the left-hand side during lectures to enakre students could “clearly see the science
they need to learn” (observation debrief). At tlaglof the room stood lab tables and equipment,
a space for enacting methods of science experirti@mtdn this space, students engaged in
confirmatory activities in which they mimicked dajathering processes of scientists and
obtained results that Rebecca told them they shgetithy the end of class. Interestingly,
Rebecca’s two spaces never overlapped — studestg discussed science experiments and
procedures in the note-taking space, and did natiorescience concepts in the laboratory space.
Lucy also positioned the back area of her roomats Space” and the front part of the room as
“concept space” (observation debrief). Like Rebetcay’s students understood that conceptual
talk was not permitted in “lab space”, and thaty.shut down experimental discussions in
“concept space.”

Tools for inscribing and transporting science ideas

In addition to the positioning of students and otgetools held an important function in
the shaping of the classroom epistemic commumityhé physical classroom space, all
participants used tools as a means to inscribgrandport science ideas over space and time.
Some tools seemed more universal than others.X¥aon@e, each participant required that
students usscience journalss a place to record science ideas during speaficof class, such

as “warm-ups” and “exit tickets.” Each participatdéo usedemporary placessuch as the
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chalkboard, overhead projector, or “smart board’etmord science ideas and to transport the

ideas to the next class period.

Participants also generated, adapted, and fasedto-face tool$o record students’

science ideas. By face-to-face tools, | mean theah @articipant used physical objects, such as

poster paper and sticky notes, to inscribe studsaisnce ideas during class time, subsequently

reviewing what students said and thought for thgp@se of shaping future classroom activity.

Listed below are the types of face-to-face tookdusy participants with a brief description of

each tool. | indicate the participant who used @aoh and provide a brief description of how

they used the tool:

Summary tabléMaria & Rebecca): A chart that listed the actestiMaria and her
students engaged in during a unit, and providedesfm linking evidence from the
activity to an explanation for some puzzling pheeaon under investigation.
Rebecca, however, used a summary table as a fsttsfstudents should memorize,
and provided space for students to write out thermmation they learned from
experiments.

“Insta-table” (Joseph): A variation of the summary table in vahstudents selected a
hypothesis they were testing and evaluated thagitieof the hypothesis given
evidence from activities.

Hypothesis lis{Karen): A poster on public display showing studémitial and
evolving hypotheses about a puzzling science phenomunder investigation in the
classroom.

Red light/Green ligh{Maria & Karen): A poster on public display thaédents use to

judge the strength of hypotheses using evidence &ctivities. “Red light” refers to
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the act of using evidence to refute a hypothedigrevas “green light” is when a
hypothesis is bolstered with evidence. This tasitfappeared at a Critical Friends’
Group and was generated by a university-based meittlass peer of Maria and
Karen’s. Both Maria and Karen recognized how theyl@ use this tool in their own
classroom.

Everyday/Science language “convertdiMaria): A poster on public display by “idea
space” on which students’ everyday language iegdanith language scientists might
use. For example, one card read “That girl is flgiown the hill on her skateboard.”
The card next to it read, “The girl is acceleratiluyvn the hill.”

Whole class modé¢Maria, Joseph, & Lugy Maria and Joseph used this tool a poster
on public display on which an initial explanatorpdel is drawn and written, and that
changes over time as teachers and students reeiseddel. Lucy tried this tool

during her final unit, but did not provide scaffdtat students to add science ideas and
revise the model using evidence from classroonvities. Instead, students added
information, which Lucy judged as “correct” or “imgect” and, if “incorrect”, erased

it from the model (observation notes).

Sticky noteg¢Maria, Karen, Joseph, & RebeccB)aria, Karen, and Joseph used these
notes to revise a whole class model. Students st8&q notes to revise part of an
idea, add a new idea, remove an idea, and askiguesibout part of the model.
Rebecca used sticky notes once, on the first dagiogenetics unit as way for
students to write down “initial information” abotlte topic. After students placed
their sticky notes on the dry erase board, Rebesmarded the information and threw

away the sticky notes.
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e Small group model@Varia, Joseph, & Karensame as the whole class model except

students work on these during small group convierssat

As the use of face-to-face tools indicatettyteachers and students inscritsetence
ideas was different given the epistemic communisymply inscribing ideas did not mean that
that all science ideas held equal value acrosegtmtMaria, Joseph, and Karen designed
multiple tools that allowed science ideas to bedwseresources for the classroom community’s
learning, to help reify disciplinary reasoning, andhow students how their science ideas
changed over time. Rebecca and Lucy also wantelstsi to see how their science ideas
changed, but generally inscribed students’ sciéeas to demonstrate how current
“misconceptions” could be “fixed” given “correctiformation
Students’ epistemic roles and tracing science ideas time.

Given that the participants shaped the classroastezpic community, over time,
students’ roles in the negotiation of classroonstpnic communities reflected the participants’
personal epistemologies of science, their treatraestience ideas, and the framing of science
as a public or private practice.

Maria, Joseph, and Karen publically and purposgfeierted instructional authority to
position students’ as drivers of science practtadents in these classrooms engaged in science-
as-practice, creating and revising explanatory rispqéanning and conducting peer reviewed
experiments, and challenging science ideas of etidr and the teacher (see Table 4 for
examples). Students in Rebecca and Lucy’s classda few opportunities to discuss science
ideas together since the participants framed seies@ private practice. When students did have
permission to talk on the public plane about saedeas, they typically stated answers they

thought were “correct”, and asked questions tafglanstructions given by the teacher.
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Table 4.

Examples of Students’ Discursive Moves lllustratpgstemic Agency

Discursive Move Made by Example from Classroom Observations

Students

Making Claims (Students
asserted science ideas in
relation to phenomenon

under study)

About knowledge/datdl think that the roller coaster energy decredsesause it gets slower at the bottom of the lo
(Maria’s class). “I think that our data shows that body is trying to counteract the increase intemperature by

cooling down the rest of our body” (Joseph'’s class)

Agree/disagree with otherd: agree with Michael’s hypothesis because in alier coaster model, the marble needed

to increase speed to get through the loop” (Maxtdss). “I disagree with Sean because | do noktthiat our brain

can control how fast electric impulses travel asmosurons” (Joseph'’s class).

Invoking evidence'Our data shows that the speed of the roller mvatecreases constantly as it goes up a ramp”

(Maria’s class).

Explanation talk “Maybe our homeostatic responses are relateére ttould be a relationship between the increas

heart rate, breathing rate, and temperature” (Joseass)

B in

Integrated Science ldeas

with Other Ideas

Personal experiencé Once when | went downhill in my car, my dad didmt on the brakes. We went so fast — fag

and faster as we went further down the hill” (Marielass)

ter
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(Students made sense of
their science ideas with Invoking other student and teacher idedsvant to add onto James’ idea about temperatdessaid that the brain
other science ideas brought controls how fast temperature increases. Perhapdla brain controlwhether or notemperature increases at all”

up on the public plane) (Joseph’s class)

Challenge science idea% am not sure about that claim. Can you pleaiedbout the activity that made you say

that?” (Karen's class)

Predict “When we exercise faster, our temperature wit&ase because we are burning energy faster” (Jssapss)

Propose tests/experiment3o test the hypothesis about heart rate, led’'susnping jacks for one minute and then

immediately take our temperature — we can do iesE\imes and see if our temperature increases Wweart rate

increases” (Joseph’s class)

Question(Students asked  Clarify: “Are you saying that cells divide faster if thage cancerous?” (Karen's class)
other students and the

teacher about science ideas)Press on science ided€an you explain more about what you mean byteeergy’?” (Maria’s class)

Introduced New Science “Our roller coaster model is missing gravity — waevén't talked about that yet” (Maria’s class)
Ideas to Pubic Plane
(Students elevated their own

science ideas to the public
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plane they felt were missing
from the community’s

discussion)

Assign Cognitive “I like your idea — you back it up with evidence¥éria’s class)
Significance(Students gave
other student’s science ideas'Your idea will help our model become more explangt (Joseph’s class)

value)

Note that these categories emerged from obsergtibMaria, Joseph, and Karen’s classrooms. | dicbbserve any students in Rebecca or

Lucy’s classrooms using these discursive moves.
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Students’ discursive moves illustrated their chaggpistemic roles in the classroom
community. In every classroom community, particiigeand students negotiated particular ways
of knowing and doing science over time. Howevet,ewery actor had the same power to make
such decisions. This powercegnitive authority- was granted to, or taken by, certain people to
shape what is known and the work that is donetherovords, to act as an epistemic agent.
Maria, Joseph, and Karen purposefully and publia@tlistributed cognitive authority to their
students, resulting in opportunities for studeatsetefining their role as epistemic agents. By
continually shifting power to students, teachefsaraed “what counts” as student learning;
rather than have students reproducing canonictd faand in textbooks, teachers support
students’ participation in the actual work of scien

For example, Joseph noted that his students seeroedengaged when they worked on
problems that had meaning in their liveKids want to do science, not someone else’s science
Students want me to guide them in answering questiwot just tell them they changed the
correct variable. They don’t want a prescribed pattey want to do science the way they see
scientists doing it” (observation debrief, italm$ded). Joseph often worked with students to
choose problems to work on, allowing them to plad anact experiments to answer their
guestions and test hypotheses. During one unittdimueostasis (whether students could “fake
a fever” to miss school), an unexpected result geterStudents’ body temperatures dropped
rather than increased during exercise. Josephalilmow the “correct answer” and publically
told his students that he did not know, and thay tlvould find out together — redistributing the

cognitive authority to students.
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Maria, like Joseph, purposefully and publicallyistdbuted cognitive authority to
students by stopping class discussions to eleveestudent’s idea onto the public plane. For
example, one student, Fernando, proposed in abaiit the seasons that the earth was closer to
the sun in the summer than in the winter. Rathan tell the class whether Fernando was
“correct”, Maria and her students wrote his hypsth®n a poster and over time, revisited it after
completing activities. Eventually, the studentsblici peer review of Fernando’s hypothesis
based on evidence from activities resulted in Falnaacknowledging that the data did not
support his idea. When he stated this publicallgrigtold the class that “we just worked on
Fernando’s idea together” (observation notes).

Like Joseph and Maria, Karen also worked to reithste cognitive authority to students
over time. During my initial observation, Karenlags did a unit about genetics and why some
mutations result in genetic disorders. Karen canbtdold students “l won'’t be up here [talking]
for long....you will practice working with your ownléas” (observation notes). Instead of
leading students to the correct answer, Karen ssdeghat the student was thinking, and then
encouraged them to revise science ideas. For egam brief exchange with students, Karen
stated:

Karen [to a student]: See, Sabrina is using evidence.

Student can | add to Sabrina’s idea?

Karen: Of course (observation debrief).

Karen continued to position students as capableooking on science ideas and directing
the science practice. For example, Karen, whetingsa small group discussion, reminded
students that they are intellectuals capable o&gimg in science practice:

Karen: [to group]: Tell me why Marfan’s syndrome occuisd tell me how
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it’s similar to your disorder. Paul [a student],atls yours?

Paul: Similar because it's deletion.

Karen: Where does it happen?

Paul: In your DNA.

Karen: But where?

Paul: In amino acids?

Karen: Talk as a group. Paul said that Marfan’s and hgmia are deletion.
Where do they occur?

Student 2 Mutations occur in DNA. It's at a certain number.

Karen: Oh, right. You guys found a map of a chromosoméhe internet. Why
do mutations matter?

Student 2 Because it changes DNA of future cells.

Karen: Ok.

Student 2 Changes nucleotide, which cause change in gemehwauses
change in protein.

Karen: Ok, but what about...

Student 3[interrupts]: RNA.

Karen: Ok. Great idea.

Student 3 It has to turn into RNA to get codons to get aonacid.

Karen: | think you’re saying that it's complicated. Wen the process do
mutations occur?

Student 2 For sure.

Paul: Hmmm...we didn’t think that all the way through.
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Student 3 Can we work on it now?

Karen: Of course.

Note at the end of this episode that students damive at final answer, and Karen allowed
them to continue theorizing as a group.

Throughout the year, students came to recognizerkaexpectations. Remnants of
typical science classroom experiences remainestiimients though, when, for example a student
asked if instead of doing model-based inquiry, tbeyld just “watch a video and take notes.”
When Karen said “of course not”, the student retrtbut it's easier that way.” Karen’s
response was simple: “but your ideas, not youitghid copy my notes, are what are important
in this class” (observation notes) — she thus bedrepistemic agency to students.

While Maria, Joseph, and Karen purposefully andipalby redistributed cognitive
authority to their students, Rebecca and Lucy et the power to shape science practice
while positioning students as passive receiverafofmation whose role was to reproduce
science ideas from their teacher or the textboaie féature of conversations on the public plane
in Rebecca and Lucy'’s classrooms was the congtanefing of students’ ideas to “correct”
canonical facts. Over time, the expectation for &vtounted” as science resembled a purposeful
step-by-step question and answer process in whiketacher “led” students to the truth — what |
refer to here abreadcrumb epistemologlike the Grimm Brothers fairy tale in which the
protagonists find their way home by following ailtcd carefully laid breadcrumbs, Rebecca and
Lucy set out a path of questions for students desido lead them to “truths” about the world.
Students did not deviate from the set path of qouiestecause if they did, they would get “lost”,
deviating from the task or in keeping pace with¢beaiculum standards. To “make it home”

successfully, students needed to merely answeies s# questions from the teacher, and then
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had to repeat back their statements in the set &eleecca or Lucy hoped to hear. For example,
Lucy entered a small group discussion to checkiatests’ progress in completing a problem
about valence electrons:

Lucy: What are the electrons doing?

Student Moving around.

Lucy: If 'm in one place versus moving, how much spdod take up?

Student More if you are moving.

Lucy: So electrons take up space because they movectitiywe cram them together?

Student Not enough space.

Lucy: Ok, that’s part of it. What about the charge? Wh#he charge here?

Student Negative.

Lucy: What about two positives and two negatives — valbaiut the charges there?

Student They cancel out.

Lucy: So put it together...

Student There is too much space taken up because thgesheancel out and the

electrons are too close together.

Lucy: Good. Write that down.

Note two features of Lucy’s questioning that ilhasé her simultaneous expectations that
students to participate in science and learn #edstrds. First, Lucy was not simply asking “fill-
in-the-blank” questions. She expected studentsakensense of complicated science ideas.
Second, Lucy pressed the student to repeat a predaed answer. Rather than asking a
guestion designed to press on the student’s araveoert space and electrons, Lucy steered the

student back to the “path” by asking another legdjnestion.
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In another example of breadcrumb epistemology abelig and homeostasis from
Rebecca, she enacted a similar pattern of askiagtipms and “covering” standards:

Rebecca What is hypertonic?

Student Low concentration.

Rebecca Of what?

Student Whatever.

Rebecca Hypertonic is more solutes outside the cell timside. When we added salt

water, we made it hypertonic. What do you needitbta the outside of your drawing?

Student Water molecules.

Rebecca More or less?

Student More.

Rebecca Ok, but still show the salt in your drawing. Wihappens to the water?

Student Don't know.

Rebecca When you add salt here, there is less room ®mtater. More salt equals less

water. So put that together.

Student If there is a low concentration of water outside cell and more salt there, the

water will go outside.

Rebecca Good. Write that down.
Tacitly or explicitly, Rebecca and Lucy worked taimtain cognitive authority in their
classroom’s epistemic community through the esthbiient of breadcrumb epistemology as the
norm for science practice.

The retention of cognitive authority by Rebecca huady limited students’ opportunities

to engage in science-as-practice. For example,daldeequently told students that their main
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role during class was to complete the requiredyassents, and not to worry about their
conceptual understanding. She frequently told stisd&t’s ok if it is not right yet — we’ll correct
it tomorrow if we need to.” During Rebecca’s finalit, students did not offer up one science
idea other than to “correctly” answer a questiosgabby the teacher.

Like Rebecca, Lucy reinforced her role as the dognauthority by making the primary
activity in her class copying notes from the ovexherojector. Making note-taking the central
focus of instruction set up tensions between stisd@sking science questions and Lucy’s
insistence that they class “stay on task” (obseuatotes). For example, a student asked about
the number of valence electrons in the outer siielh atom Lucy was using as an example
problem:

Student: Why can the outer shell hold only three valeneetebns. Why not four?

Lucy: Did you count to see how many extra electrons thez@

Student: Yes, but my question is more about why three gabut not four.

Lucy: Well, that's complicated. Let’s stay on task fomn

Lucy also positioned the textbook as a primary sedor “correct answers.” In the unit
about valence electrons, she told students thatling the chapter will teach us about bonding”
(observation notes). Students completed probleen pfoblem of examples, and at the end of
class, Lucy enacted an exit ritual to reinforce p@wver. She made students line up in a single
file line and as they passed by her, they statedcorrect fact about valence electrons. Thus
Lucy established herself as the clear authoritymga@s the physical and metaphorical
gatekeeper — students could not leave until shedlteam utter a correct statement.

Three unit examples

157



As the findings illustrate, the participants anditlstudents negotiated epistemic
communities during the school year through compiéaractions arounglacing value on
science ideas, defining epistemic roles of teachrdsstudents, and positioning science as a
public or private practiceln this section, | present stories of three unitdaria’s roller coaster
unit, Karen’s English ivy unit, and Rebecca’s gasetinit — to illustrate how the negotiation of a
classroom epistemic community differed across casté-or each unit story, | describe how the
participant and their students shaped the sciectogtg together.

| present Maria and Karen’s unit stories becausg tlfustrate an interesting
phenomenon | observed — even among participantgiegambitious practice — differences
emerged between the epistemic communities. SinceMbBseph, and Karen all developed
different personal epistemologies of science asobrus of how science teaching and learning
should occur in the classroom, “shades of grayWbenh these participants surfaced as they
worked with their particular students in their schoontext to shape opportunities to learn
science-as-practice:

Maria, Joseph, and their students constructediimzhknowledge within their classroom
epistemic community. The knowledge developed incttramunity was not “new” or “grand
theory” knowledge such as scientists would recagrbat is knowledge that developed and
applied to problems generated by the classroom aamiynwithin the school context.

For Karen, her classroom becameyarid spacen which she and her students worked
on problems from their neighborhood, blurring tleeibdary between the classroom epistemic
space and the local community. The class genedatiz] made claims, and worked on ideas that
added new information that scientists recognizeadysncing a theory about a phenomenon in

the students’ community.
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Maria’s roller coaster unit

In this section, | describe Maria’s roller coasiait. Note that how Maria and her
students work on science ideas shaped, over tiregutcome of the unit in a way that Maria
could not have predicted when planning. Also tate of how Maria learnedith andfrom her
students.

In the roller coaster unit, Maria presented stuslenth a video of a puzzling scenario of
how a roller coaster could go through the same tadge on a track — once forward, and once
backward after traveling up a small hill. ThoughrMaried to shape the unit around students’
interests and lived experiences, she acknowledgdthis puzzling phenomenon is not really
new — scientists know how roller coasters work.‘ewger, working on roller coasters was
unique for Maria and her students in their localizeassroom context. In the initial part of the
unit, Maria and her students engaged in activthias provide evidence about potential and
kinetic energy. These discussions led to a contiersan which Maria drew a whole class model
that began to explain how high up the roller caasagt needed to begin in order to go through
the loop.

Continuing to negotiate an epistemic community, illagreed to students’ requests that
they recreate and test the model she drew to ex{tlairoller coaster’s energy. To build and test
the model, students used long pieces of foam, edeatoop, and dropped a marble down the
foam from the height indicated on Maria’s drawibgspite numerous attempts students could
not create a physical model that matched Mariaasvdrg — the marble continually dropped off
of the track before the loop. Rather than becom&tfatedsome students gathered evidence that

overwhelmingly demonstrated that Maria’s model md represent the roller coaster
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phenomenon from the viddauring this class period, Maria noted her studeensience, asking
students about their research:

Maria: You mean you can’t get the marble to go throdghlbop at all”?

Student I Nope, it can’t get enough energy.

Maria: What do you mean?

Student 2 We mean that the marble doesn't start high enaugiour model to get

enough energy to go through the loop.

Student 3 Not enough potential energy to turn into kinetieergy.

Maria : What do you think needs to change about my model?

Student I | wonder what would happen if we started the rieahligher up on the track.

Student 3 Could we try that?

Maria: Sure, tell me what happens.

In this example — Maria’s first discussion withdsats about her model — Maria decided
in-the-moment to let students reviser model because “they [students] did such great work
pointing the flaws, | thought they should get thamce to make it better” (observation debrief).
Maria thus granted students cognitive authoritgdbas epistemic agents and revise her
explanatory model. She told the students that ghaat know the “correct” answer since
students disproved her model. However, Maria alfarmed students that the job of the
classroom community would be to build a better nhadeng ideas about potential and kinetic
energy. The rest of the unit involved multiple rdarof Maria and her students using evidence
from their various attempts at modeling, and fazéate tools such as small group models and
the Red light/Green light poster, to create a bettele class model that more accurately

represented the roller coaster phenomenon.
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At the end of the unit, Maria told students how mshkelearned from them‘'When | say
we revise our ideas in this class, | don’t just mgau [students]. | mean me too. You showed
me that my model was wrong, and | wouldn’t havevwnahat without your help and hard work”
(observation notes). Maria thus thanked studerttiqally for helping her learn, and showed
students their role as epistemic agents shapetlahsroom epistemic community.

Karen’s English ivy unit

In this section, | describe Karen'’s roller coasteit. Note that how Karen and her
students work on science ideas shaped, over tirmgutcome of the unit in a way that Karen
could not have predicted when planning. Also take of how Karen learnedith andfrom her
students when they ventured out into the studeotsimunity rather than remained in their
classroom setting.

In this unit Karen wanted students to study invasipecies and how their presence
altered ecosystems. Karen, when walking aroundtoelents’ community, discovered that the
English ivy covering up buildings and trees wasanattive plant to the area. Karen called the
local government and asked if they had data abbytEwglish ivy seemed to be a successful
invasive species. The local officials, howeverdtidaren that they “did not study the ivy because
there is too much of it and it's cheaper to kill(mbservation debrief). Rather than become
discouraged, Karen told her students that the gogméernment did not know much about
English ivy in their community, at which point aident raised his hand and asked, “Can we
study the ivy and show the government what we ¢iat?” (observation debrief). Karen decided
to recast her unit to let students take up theablead investigators, telling them, like Maria,
that she did not know the “correct” answer but thaty would all work together as a community

to figure out why English ivy was so successfubasnvasive species.
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The unit progressed with students acting as epistagents. First, students constructed
small group explanatory models to theorize aboalivl's success as an invasive species. Next,
Karen and her students ventured out into their camiynto collect samples of both English ivy
and native plants that the ivy covered or grew owdrile in their community, some students
photographed various English ivy plants, recordeitiide and longitude for the plants, and
created a GIS map. After returning to their claseravith plant samples, Karen and her students
constructed a list of seven hypotheses about wigjignlvy could be successfully outcompeting
native plants in the students’ community. Studeatigs volunteered to test each of the seven
separate hypotheses. Before conducting the actpalienents, students conducted a peer-review
of other groups’ proposed experimental designsdakarsure that the data from the experiment
would provide both evidence for the explanatory ei@hd would not be the result of errors in
the experimental design. After students ran theexgents and gathered data, they conducted
another peer review of the methods and resultsaicersure that the data collected matched what
should have happened in the actual experimengs tiNote how Karen’s role of facilitator
emerged as she presented students with opporsitotact as epistemic agents rather than
prescribe their every action.

To continue positioning students as epistemic agyéfdren provided an opportunity for
the classroom community to revisit the strengtthefseven hypotheses based on results
gathered from students’ experiments. Using the lR@t/Green light tool, students began to
synthesize hypotheses, noting the difficulty oflakpng English ivy’s success using a limited
range of ideas and evidence. Karen was pleasetlidgrds’ insistence that the final explanation
of the English ivy phenomenon was complicated,ngptl’'m glad they see that ecology is

complex, and they couldn’t have seen this withaihgd the science themselves” (observation
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debrief). After revising their explanatory moddfsren and her students reconnected with an
admittedly stunned local government official, wh@d difficulty believing that high school
students could engage in science beyond recabictg’f (observation notes). Karen hoped that as
students took on the role of scientist in her ¢ctzms, they would see the “boundary of the
science classroom and their community blurringta-bithink students can do science that
impacts their community in my class” (observati@bdef). This blurring of the
classroom/community boundary harks dfydorid spacewhich | will explain in the Discussion
section.

Rebecca’s genetics unit

In this section, | describe Rebecca’s genetics tlate how unlike Maria and Karen,
Rebecca treated students’ science ideas as “mispbans” or “right answers”, and that she
tried to limit public discourse in order to “stag track with the curriculum pacing guide”
(observation debrief). Also take note of how Relaguasitioned herself, and the textbook, as the
authority of canonical science knowledge. Rebecosgigled opportunities for students to
memorize canonical information, but unlike Mariald¢aren, she did not leamith students
about a puzzling phenomenon.

For her genetics unit, Rebecca selected “twins pazzling phenomenon because she
thought her students would find this topic “intémeg and relevant” (observation debrief). On
the first day of the unit, Rebecca tried out a pcadrom her university-based methods course —
eliciting students’ science ideas about a puzziingnomenon. Students, individually and
silently, wrote down their theories about why twiask alike on sticky notes. They then placed
the sticky notes on the dry erase board, which Bebeollected after class, and checked to

“make sure that students understood enough basiosve on” (observation debrief). Note how
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Rebecca made an instructional decision — “movirig-dmased on her analysis of students’
science ideas.

The following class period, as well as the nexeselessons, Rebecca lectured to
students for thirty to forty minutes about varigenetics topics in order to complete the
standards. Each day, students sat silently aneédoqotes that Rebecca wrote on the board or
prepared previously on Power Point slides. Aftehdacture, students engaged in a
confirmatory activity, usually by themselves orhwv@ne partner. These activities, designed by
both Rebecca and her department, reinforced caadmowledge and texts as the standard
students should strive to meet. Rebecca used tgdiivie as an opportunity to hear and fix
students’ misconceptions, as well ask questionséiaforced the classroom community’s
expectation of breadcrumb epistemology.

By lecturing and positioning science as a privasefice, Rebecca limited students’
participation on the public discursive plane. Studearely spoke for more than thirty seconds at
a time, and frequently collaborated to figure ouhat the teacher thinks is the right answer”
(student comment in observation notes). When stadeétered a science idea “unrelated to the
topic at hand”, Rebecca quickly shut such talk dg@bservation notes). For example, one
student, Nick, asked a question about Punnett sguathich Rebecca outright dismissed:

Rebecca Any questions before we move on?

Nick: Yep. In the Punnett square, there are four kids.

Rebecca Uh, ok.

Nick: But when you have a fifth kid, where does that ¢o?

Rebecca Great question Nick. We’'ll get to that next wgekservation notes).
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In this example, Nick was the first student durihg genetics unit to ask a question
seeking an answer beyond the “correct” canonidalimation Rebecca usually delivered.
Rebecca, while acknowledging Nick’s question, dgsad his idea into some imaginary time —
“next week.” When | asked Rebecca after class Wieytseated Nick’s idea as she did, she
replied “it just shows that he clings to misconeams and that the class needs to do more
Punnett square practice” (observation debrief).

By the end of the unit, Nick’s query remained unvegred and students no longer asked
“unrelated” questions. Students witnessed Rebeceatdion to Nick's question and
subsequently internalized Rebecca’s expectatidratiatalk on the public plane should be
“right.” In other words, students came to underdtRebecca’s epistemic expectations, and this
public display solidified students’ roles as pasgicipients of information for the remainder of
the year.

As the cases of Maria, Karen, and Rebecca illestthe participants and their students
negotiated different epistemic communities oveletas they placed value on science ideas,
defined epistemic roles of teachers and studentspasitioned science as a public or private
practice. For example, Maria’s roller coaster exiémplified how her personal epistemology of
science around “tinkering” shaped classroom sciawctigity. Maria and her students negotiated
that theory-building and other epistemic work cooddur while manipulating materials.
However, Karen did not see “tinkering” as importamher own practice (personal epistemology
interview). Instead, Karen and her students mowaibd the classroom walls, taking their
epistemic work into their community and buildingestce knowledge through a more linear
process of hypothesis creation, testing hypothssesgh experimentation, and using evidence

to support or refute hypotheses. Both teacherseherny worked to create a classroom space in
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which students could learn science-as-practiceeB&bnegotiated a different epistemic
community with her students, influenced by the ‘@mngational” aspect of her personal
epistemology of science. Rebecca’s organizatioludes keeping pace with curricular standards
(i.e., making sure students got all of the “ansitrey needed to complete their work), and
helping the class “move on” when they got “distealt(observation notes).
Idea maps
To visually illustrate how the participants’ classm epistemic communities differed, |
created “idea maps.” These maps include a physpaésentation of thatroductionof science
ideas(where ideas come from — teachers, students, czaddekts) and thetreatmenthow
ideas change over time). To show an example dfiifference between classroom epistemic
communities, | provide an idea map segment encosimEafive minutes of class time that is
representative of one day of Maria’s roller coastat and Rebecca’s genetics unit. For each
map segment, note the following key features:
. The epistemic press on students’ knowledge clayrtedchers
. How students contribute to science activity
. How teachers and students maintain or cut off seietheas
These features of the episode provide insighttimadifferent classroom epistemic
communities that Maria and Rebecca negotiated thélr students over time. Note that all
guotes from Maria, Rebecca, and their students doonetranscriptions of videotaped
classroom observations.
| designed the idea maps using specific symbadisatte the origin and treatment of
science ideas over time. Here, | provide the keytfe symbols and describe their significance in

order to facilitate reading the idea maps:
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Diamond: Indicates a teacher’s public statement.

Circle: Indicates a student’s public statement. fitmnber of the speaker indicates
which student has spoken during the class periodekample, if a circle as the
number 11 inside it, the map is showing the comroétite eleventh student to speak
in that class period.

Time: The point of time during the class periodvinich someone spoke or another
action occurred.

Straight line between symbols (for example, coringd circle and a diamond): One
actor builds on the science idea of the previotsramd continues the current thread
of conversation.

Curved line between symbols: One actor builds ersttience idea of the previous
actor but redirects the thread of conversationrelated but different course of talk.
Dotted line connecting symbols: One actor resusractcience idea of a previous
actor after the idea has been “buried” in the cosat#on (e.g., not discussed
publically for several turns of talk.

Square: Indicates when, how, and by whom a sciele@ewas inscribed.

167



Figure 5.

Idea Map of Maria’s Class
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Maria’s idea map

In this segment on the ninth day of the unit, Mama her students were engaged in a
whole class discussion about her roller coasterainasing the Red Light/Green Light face-to-
face tool. Up to this point in the lesson, Maria &er students talked about relationship between
energy, speed, and distance. In this time segmanufes 21:00-25:38 of the class period), the
class revisited and discussed the whole class n\ddeh drew the previous day.

Maria began this time segment by discursively diggaher expectations for student
participation, indicating that students would usertideas to revise the whole class model.
Immediately following the expectations, Maria askegluestion with a epistemic press: “Which
ideas about energy can we red light?” By asking d¢liestion, Maria expected students to
disprove aspects of the whole class model thahdidcold up to the roller coaster experiments
and subsequent evidence. A student then madena atsut how one part of the whole class
model was incorrect because the car would not kavegh potential energy to make it through
the loop twice. Maria immediately responded by lretioicing the student’s idea and then
pressing on the student epistemically: “Why is tinatttrue?” After the student responded with
evidence that the potential energy needed to deehig order to change into enough kinetic
energy to travel through the loop twice, Maria akttee class if they agreed with the students’
claim and evidence. When students verbally agr&esl ascribed ownership of the “needs to be
higher” idea to the student. Next, Maria noted thatclass community learned something about
the phenomenon: “We as a class agree that eneapamnging.” Note that Maria both positioned
the community as the “knower” and framed scienca psblic practice.

After asking students about pieces of the modetdadight, Maria posed another

epistemic question: “Which ideas about energy cargmeen light?” When a different student
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stated a claim, the discursive routine of the iglatIsegment repeated: Maria’s epistemic press,
the student citing evidence, Maria revoicing theaiédind ascribing ownership to the student, and
finally, adding the information to the communitKsowledge. Note that the idea of energy in
the roller coaster that started with Maria’s priesged lights traveled through two connected
threads at this point.

Next, a student continued the energy idea threastdiyng a claim about potential energy
and the starting height of the roller coaster Again, Maria and her students engaged in the
same discursive routine of an epistemic pressgeeael, and ascribing ownership of the idea to
the student and classroom community. To end tlgssat, Maria asked for energy ideas to
“yellow light”, meaning energy ideas in the wholass model that students needed more
evidence to confirm or disprove. A student askealiakhe potential energy of the roller coaster
car at a lower height, and again, Maria and hetesits engaged in the epistemic discourse. Note
that at the end of the five minute segment, Mamni@ laer students engaged in four related thread

of talk around energy in the whole class rollersteamodel.
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Figure 6.

Idea Map of Rebecca’s Class

Signal:
Signal: Participation
Signal: Ascribe Signal: Copy down Signal: Signal:
Participation knowledge:  Instructions: these correct  Move on Participation:
— take out Most of you Look at answers to moment: Back to
problems can do this  screen worksheet 2 Time is up worksheet 2

Claim
[Student 3]:
One parent is
R, one isr

8000

Tag on: Move on

Information: moment:

The kid Any

would have questions?

red hair ifrr No? Move
on

X

Clarifying Signal: Signal: ggiﬁ?ﬁn Question:
question: Instructions: Participation Solicit “correctness”:
How many We willgo  Copy down Questior informgtion: Good answer O_O
pepple over answers these correct Solicit Tag on: Talk with Question
finished? answers information: Signal: Claim Repair patr;ner;]}:\éhy [student 4]: Tag on:
Talk with ignat [Student 2]: ¢laim IS the chi How can kid Information:
partner: Why Participation: gne gjele is Rr have red hairpass on
is the child Wrapup R oneisr if parents  alleles
. conversation have brown
hair?
Rebecca Rebecca
5:00 places places 10:00 11:56
' worksheet on worksheet on
overhead overhead
projector projector

171



Rebecca’s idea map

In this segment on the sixth day of the unit, Rebeand her students were engaged in a
whole class discussion about Punnet square pragotddems from worksheet. Up to this point
in the lesson, Rebecca reviewed vocabulary studersided to “know to pass the test”, such as
allele, trait, and DNA. In this time segment (mies16:00-11:30 of the class period), the class
compared their answers to the Punnett square pnsltie the correct answers Rebecca placed on
the overhead projector.

Like Maria, Rebecca began this segment by signdlergarticipatory expectation, that
students take out and red over their Punnett squratdem worksheet from the previous class
period. Rebecca then ascribed knowledge to heestsdreminding them “most of you know
how to do these problems.” Next, Rebecca place@m&wrers, the “correct” answers, on the
overhead projector, and asked students to cheakath&wers.

After a few seconds of silence, Rebecca asked stsidie “to turn and talk to your
partner about why one part of the Punnett squasalgener.” The students conversed for
thirty seconds, and then Rebecca signaled tha¢stwthould again pay attention to her. Rebecca
repeated her question aboutand a student responded “Because one parBnsl the other is
r.” Rebecca quickly “fixed” the student’s answer:dNaR parent could not pass a littlallele.

For that gene, both parents would have to pass @dowa their child.” Note that unlike Maria,
Rebecca did not press the student for evidencet alvein answer, nor did she ask the class to
respond. Instead, Rebecca “repaired” the studémisconception.”

Rebecca then repeated the discursive pattern,gasikidents to check their answer,
discuss another scenario with a partner, refoaeis &étention back on her, and provide an

answer her original scenario. However, rather thffgr an answer, a student asked a question:
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“How a kid can have red hair if the parents havanor hair’? Rather than pose the question to
the class or press on the student to unpack thestmpn, Rebecca offered an answer: “If both the
parents had the red hair allele, they could pass tb their child.” Rebecca then enacted a
“move on moment”, asking students if they “have amgyre questions.” When no students
respond, Rebecca announced that the class neetie tout their notebooks for a “journal
check.”

Reuvisiting the three key features of Maria and Rebh& classroom epistemic community
illustrates their similarities and differences.sEiboth teachers enacted an epistemic press on
students’ knowledge claims. Maria pressed studenise evidence after making a knowledge
claim; in fact, there areo instances in any of Maria’s classes | observedghich she does not
ask students for evidence when they make a cRéfnecca pressed students to produce “correct”
answers, thus illustrating that the epistemic nofrtalk was to reproduce canonical information.
Second, students in both Maria’s and Rebecca’'setasontributed to the science activity. In
Maria’s class, students took up the role of actipestemic agents. They built off of each other’s
ideas or Maria’s ideas, took the conversationdairection without asking Maria’s permission
first, and added evidence from activities to tressfoom community’s understanding of the
puzzling phenomenon under investigation. In Rebieaass, students answered questions
posed by the teacher, thus providing evidenceeyf tinderstood a topic well enough to “move
on.” Third, Maria, Rebecca, and their students giagifferent roles in maintaining or cutting off
students’ science ideas. Maria asked all studentsritribute to whole class model, and students
discussed science ideas without her mediatingnabetween each comment. Rebecca
responded immediately and purposefully to eachestudomment, particularly when a student

asked a question Rebecca deemed “off topic” (olasierv debrief). When students ask a
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seemingly tangential question, Rebecca immediataly down the “incorrect” thread of talk
with a “move on moment.”
Discussion

In this section, | describe why the participantsgatiation of epistemic communities
with students resulted in differing opportunities $tudents to become epistemic agents (or not).
| first revisit learning science-as-practice, destoating how Maria, Joseph, and Karen’s
classrooms provided students with opportunitidegaimately participate in science work. Next,
| describe why placing value on science ideastitrgacience as public or private work, and the
participants’ personal epistemologies of scien@pel opportunities for students to engage in
science in the classroom. Finally, | discuss whggitenses from STS and HPS literature open
up new possibilities for analyzing classroom spasebsscience practice in K-12 settings.

Revisiting science-as-practice

Since science-as practice must, by definition udelopportunities to for students to
participate in science work, learning science cabeaeduced to the assimilation of facts, the
mastery of skills, or the “correction” of miscontiems. Maria, Joseph, and Karen’s classrooms
represented what Engle and Conant (2002) suggastadramework for learning science-as-
practice througlproductive disciplinary engagemein this study, Maria, Joseph, and Karen
presented students with opportunities to:

e Problematize typical classroom scientéaria, Joseph, and Karen encouraged

students’ science ideas, including their experimlgmoposal and challenges to the
teacher’s knowledge, rather than expecting that sheuld simply assimilate facts,

procedures, and other “right answers.
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e Take and use cognitive authoritMaria, Joseph, and Karen provided students with
opportunities to define, address, and resolve seipnoblems. In addition, all
members of the classroom epistemic community hgditwe authority agents to
shape science activity.
e Hold each other and the teacher accountaMaria, Joseph, and Karen negotiated an
epistemic community in which students held eacleo#imd the teacher accountable
to others and to the emerging science learning sorm
e Use resourcedMaria, Joseph, and Karen provided students Wwighnecessary
intellectual and material resources to engageianse. These resources included
sufficient time to pursue a problem in depth, iftsog students’ science ideas on
face-to-face tools to travel over time and spand,supporting discourse that created
a safe environment to share and work on scien@side
Unlike Rebecca and Lucy’s classes that promotedwa of science-as-accumulated-
knowledge, students in Maria, Joseph, and Karda&ses had more opportunities for learning
science through their legitimate participationheit classroom’s way of making sense of,
evaluating, and representing the world as epistageénts (Longino, 1990; Warren & Rosebery,
1995).
STS and HPS lenses into learning science-as-peactic

As | have noted at the beginning of this artidiere are few studies that try to
understand how and why students can learn sciesypeaatice in K-12 classrooms, and
therefore, few analytical tools in science educatmhelp unpack why Maria, Joseph, and

Karen’s epistemic communities became so differieah tRebecca and Lucy’s classrooms. In this
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study, using lenses from STS and HPS literaturpdakilluminate features of Maria, Joseph, and
Karen'’s classrooms that might otherwise have gom®ticed.

Classroom context matters

STS and HPS scholars note that science practicerdgie understood by analyzing the
larger systems of activity that surround it. Reingj the idea of epistemic communities,
Hankinson-Nelson (1990) noted that any sciencetipemvolves a “network of theories and
beliefs, including standards of evidence, practieesl experiences” that are decided upon by
actors” (p. 296). Over the course of the schoot ye#his study, the science practice that
emerged in each of the classrooms varied becahee&vas in the spaces was different. Maria,
Joseph, and Karen set up different kinds of epistemmmunities than Rebecca and Lucy
because they helped position students as epistagaits in negotiating “what counted” as
science in their classroom.

Trust

Maria, Joseph, and Karen trusted students as spiségyents, capable of working on
ideas even when the teacher was not present. Bleegw of trusting others as epistemic agents
can be glacially slow, as Knorr-Cetina (1999) nateter studies of two science labs. Knorr-
Cetina documented that trust between actors isarior making science knowledge, and that
this trust is slowly granted over time from thoséwauthority to those without. Once those with
authority see that other actors are “trustwortloytio experimental work, collect data, report
results, and revise models, the labs "downgradentheidual as an epistemic subject and
instead emphasize communitarian mechanisms likeatMe ownership and 'free' circulation of

work (p. 167). Over time, Maria, Joseph, and Kdrasted what students said and did as
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epistemic agents, whereas Rebecca and Lucy diplac the same trust in students, constantly
correcting students’ ideas and experimental proesdu

Epistemic community counteracting “individualizifayces”

Another purposeful move by Maria, Karen, and Joteptegotiate an epistemic
community with students was to publically positibe community as the knower. This finding
aligns with Knorr-Cetina’s (1999) assertion thatquctive labs are places where “Lab leaders
counteract and dissipate the individualizing foraed the social power accumulated by certain
individuals and groups” (p. 186). In this study,MdaKaren, and Joseph worked to make
students’'science ideas important, and over time, the seierark of the classroom became more
student-driven. This finding counters researchT® &nd HPS that shows most labs privilege
individuals by awarding grants, prizes, money, atieer tokens at the expense of other actors,
even if the actors participated in the work (Kn@Getina, 1999).

Embracing “the mangle of practice”

As Maria, Joseph, and Karen came to understandjgrosg students as epistemic
agents was “messy work” (Joseph, final intervieagduse they, as teachers with instructional
authority, had to make in-the-moment decisions thqtiired, in some cases, recasting an entire
unit of instruction. These quick decisions to chamngstruction led to the classroom science
activity resembling what Pickering (1995) called timangle of practice” (Pickering, 1995).
Given the unpredictability of contextual factorg;kering argued “Just as we do not know what
[a] new machine will do, we do not know what otpepple, or even ourselves, will do
next....The goals of scientific practice emerge i thal time of practice” (p. 18, 19-20). In this
study, rather than panic when activities did notkaar students veered in unplanned conceptual

directions, Maria, Karen, and Joseph publicallg ®tudents that science was often done in such
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fits and starts. Rebecca and Lucy, however, pattagience as a linear process: science was
orderly, objective, and knowledge was fixed andade confirmed by asking an authority. By
positioning science as an individual and ordercpice, Rebecca and Lucy placed value on
efficiency and task completion rather than on stislescientific reasoning. They also separated
science into two separate aspects (sometimes ti@nghysical layout of the room) that are
rarely related: processe$é¢ scientific method) and product (factual informadio

Why teachers’ personal epistemology mattered f@mte@mic communities

The participants’ personal epistemologies of s@enthe individual teacher’s
understanding of what science is, how scientistskwhat they know, and how science "works"
shaped classroom science practice. Like Smith é2@00), this study showed that teachers with
different personal epistemologies of science aitodtkelp their students learn and do science
differently. This is in part due to the teachexgesce experiences. While Maria, Karen, and
Joseph participated in many aspects of scienceéiggatucy and Rebecca learned science only
through science from textbooks and tend to hola&eptions of the discipline and of how
students learn science that are inconsistent vaihh $tience knowledge actually unfolds through
ongoing investigations by scientists (Gess-Newsb889; Smith et al., 2000).

In this study, the opportunities for students tartescience ultimately depended on what
the teachers thought science was and how it shmmufitesented in a classroom space. Lucy and
Rebecca tried to control the space by controllimegwork — as authorities, they wanted to
assume control of the instruments, talk, and kndgéeof science practice (Fabian, 2000). Maria
and Joseph also wanted to control the space, bytwhnted to exert instructional authority to
make their classroom space a place where the “raariglractice” could happen.

Power and the treatment of knowledge — the heastieince practice
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One analytical lens emerging from STS and HP Salitee illuminated issues of power
associated with science in classroom epistemic aomtras. Historically, debates about who is
permitted to “do” science, what kind of scienceoesfare permitted to engage in, and what kinds
of explanations society wants produced, do notrdfi&2 classroom spaces. Yet as Hankinson-
Nelson (1990) noted, “Social and political concenase been found to play a significant role in
shaping the directions of scientific interest aeselarch: the questions addressed, methodologies
adopted, and the hypotheses and theories accepda@jacted. It has also become increasingly
clear how extensively the theories, research progrand methodologies we consider or adopt
in the sciences shape, in turn, our social, palitiand moral perspectives and experiences” (p. 9).
Typical school science, then, presents an imageiehce that misrepresents how the discipline
unfolds in the world.

If students come to think of science as a statiosprocedures and facts, as conservative
classroom activity supports, they will believe thiay can only participate in science as
“technicians”, those who repeat experiments anctbipce knowledge that someone else
described long ago. As Longino (1990) noted: “WHiile official picture of a field presented in
its textbooks is the picture of a uniform and cetesit understanding, the background from
which this understanding emerges/is selected amhtdiernative interpretations of the data
included in the textbook picture as well as datmnsistent with it. The selection
represents...what a society (those in society wighptbwer to effect their preferences and
privilege their needs) thinks it should know or w&ato know” (p. 186). In other words, society,
thus far, wanted to make students think that tresded to learn to participate in science as it

currently exists in practice.
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However, Maria, Karen, and Joseph worked towariffardnt kind of science in their
classrooms, a practice in whiall studentsshapehe work that is done in other words, Maria,
Joseph, and Karen thought tsaadents could and should take up the role of epigt agents in
classroom science rather than participate passivalgrren and Rosebery (1995) refer to this
stance as “equity in the future tense”, in whichcteers work to problematize the asymmetric
power structures between teachers and student&/alien and Rosebery (1995) note, “we
believe that the remaking of science educationantaore egalitarian sense-making practice
entails deep transformations of identity for teastend students alike, transformations that
empower them to think, talk, and act scientificgfly 27).” To undermine this power difference
means that teachers and students, together, dignaanéntrenched message about American
society — while society claims to value competitaord individuality, STS and HPS literature
shows that science is, in fact, the product of madyiduals working in concert (Hankinson-
Nelson, 1990; Longiono, 1990).

This is a particular value — the power of commungther than the importance of the
individual — that teachers can help students utaledsthrough learning participation in science-
as-practice. As Longino (1990) notes, “When we geixe that communities are knowledge
"acquirers" and give up the long-standing focusnalividuals, we find ourselves taking into
account the relationship between communities ahgegaValues emerge within and shape a
community's practices and theories, and many aethvalues are political in nature and
consequence” (p. 14). Value placed on the communasydirect implications for the division of
cognitive labor. Rather than science, and socigpming a hierarchy of cognitive authority in
which technicians (i.e., students) and others atemp'lower" andless powerfupositions,

science can teach students that their ideas cashemiddhave a bearing on how and what
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knowledge develops within science communities amdthat knowledge is communicated to
and received by the society at largad(lelson, 1983). Positioning students as epistagéents
in a classroom community disrupted the currenttseaf most science classrooms and the “real
world” in which those with cognitive authority detredistribute it to those without power.

Karen’s hybrid space

Maria, Joseph, and Karen’s classes are unique bec¢hay are examples of equity in the
future tense — what happens when students both $eggnce practice and press on those with
authority to change the practice in classroom spa€aren’s class became even more unique
because she and her students negotiated a diftenehof epistemic community than Maria and
Joseph — a hybrid space. Barton and Tan (2009)\Vepel et al. (2004), speak of hybrid
classroom spaces as places that both link tradityomarginalized funds of knowledge and
Discourses to academic funds and Discourse, artdldiéze and expand the boundaries of
“official” school activities. Karen'’s class was gldnid space because students did not just
memorize science, nor did they merely engage ensei practice contained within their
localized classroom community. Karen’s studentgysated that they go out into their
community, a place that was typically marginalizsda space in which science does not happen,
and they investigated a phenomenon, the Englishtinag was dismissed by the local
government. Karen and her students, as co-leame@diiced knowledge claims that did not
exist before creating new ways of looking at a Igpteenomenon that did not exist before that
ecology unit while simultaneously blurring the bdanes between the classroom and

community (Barton & Tan, 2009).
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Conclusion

| hope my study initiates a conversation in sciesaecation about what science teaching
and learning can become in K-12 schools for twsaea. First, this study could be a step
forward in unpacking ambitious teaching by helpiing field imagine new forms of expertise in
terms of teacher responsiveness to students’ scideas and the general orchestration of
classroom epistemic communities. Second, this stuhacks how teachers work to create
classrooms like those of Minstrell's and the Che&banen project to support students’
participation in science practice.

One fundamental issue to address is the role oh&Fgreparation in supporting novices
for such work. This study demonstrated that teacban help students take power to shape the
norms, values, and practice of their classroomt@mic community. However, the participants’
personal epistemologies of science provided evil¢mat they need opportunities to learn
science-as-practice themselves — to get involveddrconceptual, epistemic, social, and
material aspects of science practice. As Hankirselson (1990) points out “Changing science
requires changing the practice of the scientigis6]. Rebecca serves as an example of a teacher
who sat in large lecture classes and conductedromatbry experiments in lab sessions as an
undergraduate science major. Her experiences shgreghe structured her classroom science
practice. However, Maria, Joseph, and Karen alhged in science-as-practice before becoming
teachers, and their insights into the disciplingpsld how they learned to teach.

| hope this study serves as an example of whaissiple when teachers do not
underestimate what students are capable of, instgaubrting them as intellectuals, scientists,
and epistemic agents. Yet a question remains dbeudcience practice in classrooms when

students take on the roles of epistemic agentsiaVidwseph, and Karen’s students did not
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conduct Nobel prize-worthy experiments. Howevethigir localized classroom context, the
students did advance their community’s understandfrscience, and in Karen’s case, presented
their own evidence-based theories to scientistisariocal government. | believe that these cases
provide an opportunity for the field to confronetquestion of what science is possible in K-12
classroom spaces. We need to move beyond thinkatgtudents can mirror or mimic science
and try to understand what science kids can déassmooms. Karen’s class is certainly unique,
but it showed a kind of science practice that gaerge from ambitious instruction. Her students
provided a compelling example to challenge socsetygtions about what is possible in K-12

schools.
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SECTION 3
Theoretical, methodological, and practical considations for practice-based teacher
education and research

Recent trends in teacher education literatureltheréurning point in the field as
researchers frame teachers’ preparation and lepamoundambitiouspracticeand thecore
practicescomprising such instructiofBall, Sleep, Boerst, & Bass, 2009; Grossman, Compt
Igra, Ronfeldt, Shahan, & Williamson, 2009; Grosaimdammerness, & McDonald, 2009;
Lampert, 2010; Kazemi, Franke, & Lampert, 2009; ®iéichitl, Thompson, Braaten, & Stroupe,
2012). Teachers enacting ambitious practice provpgrtunities for all students to legitimately
participate in the authentic work of the disciplaethey adapt and innovate pedagogical
routines and tools to meet students’ emerging négals & Forzani, 2011; Ball, Sleep, Boerst,
& Bass, 2009; Duschl, 2008; Kazemi, Franke, & Larhd09; Lampert & Graziani, 2009)

In this essay, | reflect on both the literature angdexperiences as a researcher studying
how and why beginning teachers learn from atterap#snbitious practice. Based on my
dissertation experiences, | argue that redefirtiegt¢aching profession around ambitious
practice has four implications for research thatidde done with regards to beginning teachers:

e The timescale for studying beginning teacher legyiiom practice needs to extend in
order to see their “fits and starts” across costexid over time.

e Beginning teachers may try out different “grainesizof practices, from “elemental”
moment-by-moment talk moves to larger planningiasttucting routines. Researchers
need to theorize about the grain size of praclieg are studying when examining the

talk, tasks, and tools at play in the classroom.
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e Beginning teachers constantly experiment with pecastin order to be responsive to their
students. Researchers need to ask about and pati@itto what novices experiment
with and why.

e Many studies of beginning teachers use binary lagguo characterize novices’ learning
and practice: for example, teachers are “ambitiaustonservative”, “effective’or
“ineffective”, haveor don’t have subject matter knowledge. Researchesd teebetter
tell the complex stories of beginning teachersin@ay and practice as the novices make
sense of a variety of competing messages aboutt“eduets” as instruction in their
school contexts.

My intent in this essay is not to unpack variousdeis of how to “best” learn a
professional practice (i.e., apprenticeship, regigieprogressing on an inbound trajectory in a
community of practice, etc.); rather, | describ&hesearchers who study and support beginning
teachers can better understand how and why nowares to know and participate in ambitious
practice.

Critiques of teachers’ preparation and research atk@acher learning

To begin a conversation about research implicationbeginning teachers and ambitious
practice, | situate my essay in the larger condéxhe field, specifically with regards to critiggie
about both teachers’ preparation, learning, aredrgits to study both phenomena.

Debates about what teachers should learn in priegpag@ograms have a long history in
America, leading to three main critiques of teadakdrcation. The first critique is that there is
little agreement about a technical core of instamcor a definition of skilled practice (Levine,
2006; Lortie, 1975; Shulman, 1998). The lack oeagnent about what teaching is, and is not,

has resulted in the second critique — there Is lttbnsensus about how to prepare beginning
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teachers for their professional work. Those preygteachers do not agree about language, tools,
supports for beginners, nor is there a professiom@munity to monitor quality and aggregate
knowledge (Ball et al., 2007; Gess-Newsome & Ledarni995; Ingersoll, 1996; Levine, 2006;
Shulman, 1998). The third critique is that a “gapists between what new teachers learn in
preparation programs and the knowledge and skidlg heed to be successful in their daily
classroom realities (see Cochran-Smith & Lytle,43ennedy, 1987; Levine, 2006; Wilson,
1994). This “gap” is sometimes attributed to tea@dicators. Such instructors are frequently
stereotyped as being far removed from realitiedagsroom practice and focusing on
management and "survival” strategies, rather thraimstruction geared to supporting students’
participation in authentic disciplinary practic&al(l & Cohen, 1999; Levine, 2006; Wilson,
1994).

Addressing the critiques

| argue that the three critiques of teacher premaragersist in part because research
about teacher education and learning have not gderthe turn to studyingractice Broadly
speaking, learning a practice is a process of peophanging participation in valued activities in
their communities, in which they take on new ra@es responsibilities over time (Rogoff, 1995,
1997, 2003). Context is critical in understandiogvipeople learn and participate in practice,
because actors (both fellow practitioners and lieats/audience they serve), historical norms
for participation, tools, resources, and the cantdtaw of information from other contexts shape
“what counts” as the valued work of a communityd&@ro, 2006; Shulman, 1998; Wenger,
1998; Yinger, 1990).

Many studies of teacher learning, however, utilizetontextualized” methods

attempting to remove the practice of teaching fthencontext in which teachers engage in their
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work (See Table 5 for examples of these studieg)dBcontextualized”, | mean that such
studies often isolate teachers from their schaotsytand measure their knowledge acquisition
independent of the context of its use (see Carlk@99; Engestrom, 2000a, 2000b; Grossman &
McDonald, 2008; Johnson, 2006; Kelly, 2006; Prassimal., 2004; Rogoff, 1997; Wilson &
Berne, 1999). In other words, such studies attempnhderstand what information teachers take
from one context and apply it to another setting;example, measuring the knowledge novices
acquired in a university-based course and subsdguensferring the information to their

school (see Grossman & McDonald, 2008, Kelly, 200&kola et al., 2007).
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Table 5.

“Decontextualized” Teacher Learning Studies

Literature Methods

Claims My critiques

Van Driel et al. (2002) conducted a Semi-structured interviews to

professional development (workshop) for  capture preservice teachers’
preservice teachers to increase chemistry experiences workshop.
Pedagogical Content Knowledge (PCK —  Semi-structured interviews to
teachers’ understanding of how to teach ~ capture mentor teachers’
subject matter) for the purpose of making
better teaching decisions development

Preservice teachers completed
questionnaires about their PCK

development

assessment of preservice teachers’

Participation in workshop increased Never observed preservice teachers
preservice science teachers’ PCK plan for, teach, or reflect about actual

students, though PCK is seemingly

developed as teachers consider how to

teach their own students

Friedrichsen et al. (2009) investigated Preservice teachers submit

whether teaching experience matters for  lesson plans for imaginary
preservice teachers’ PCK development and classroom and students
instructional decisions during teacher

education

problem to a student

written assignment asking them

how they would teach a particular planning lessons

PCK develops in teacher education, Preservice teachers plan for and write|

particularly if participants had taught about decontextualized classrooms with

something before imaginary students. Teachers’ written

Participants relied on PCK when responses are about imaginary stude

rather than their own students

Nathan et al. (2003) examined the “expert

Teactsarsed 6 problems based

Teachers with more mathledge Researchers assumed teachers had

deep
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blind spot” — teachers with a more advancedon what they thought would be

understanding of mathematics “see” differentnost difficult for their students to

aspects of mathematics as important for

learning

solve

Teachers completed a 47 item
belief survey about reform
mathematics teaching, student
knowledge, problem solving, and

mathematical learning

had difficulty teaching content mastery because they countef
representations their college math classes. Researchers
Teachers with more knowledge did not watch teachers interact with

reported more difficulty in making  students to see how they use content
sense of students’ partial knowledge in the course of a math class

understandings of mathematics ideas

Kersting et al. (2010) observed teachers
analyzing classrooms teaching episodes to

see how they used content knowledge

Teachers watched videos of

classrooms and talked out loud

about interactions between teacheron mathematics assessments knowledge for teaching. Researchers

and students.
Teachers completed math content

assessment

Students of teachers with more Teachers taken out of their own

content knowledge had higher gains classroom contexts to measure conten

=

did not ask teachers to analyze episodes

from their own classrooms.
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Studying teacher learning and ambitious practice

As the field begins to turn toward practice-bas=thing, research about teacher
preparation and learning could use different assiomg and theoretical lenses to better
understand how and why beginners navigate theaesisibout their practice-based work across
contexts (Ball et al., 2007; Gess-Newsome & Lederm95; Levine, 2006; Lortie, 1975;
Shulman, 1998). To define teaching as ambitioustip@means that the field recognizes that
actors interact around specific sequences of &gtiwhich aim to support student participation
and learning (Feldman & Pentland, 2003; Winds&i@alabrese Barton, in press).

How teachers learn ambitious practice remains ohred and undertheorized. In my
dissertation, | addressed concerns about teaci@rihg by examining five participants’ learning
over time. In this section, | describe my diss@stain order to provide a foundation for four
implications | share for future research about beigig teacher learning and ambitious practice.

Context of my study

In this multi-case study, | investigated five figgar teachers’ learning from practice
during the 2011-2012 school year. For this studglécted participants based on two criteria:
their practice history during methods class andesttiteaching, and their school context’s
instructional cultural scripts (the historic norarsd messages about what counts as teaching and
learning — see Sykes et al., 2010). | purposefdlgcted participants who demonstrated a range
of practice histories during their secondary sagemethods class and student teaching — of
whom (Maria, Joseph, and Karen) readily attemptebious practice, and two of whom
(Rebecca and Lucy) often enacted more conserviatines of practice. | also selected

participants based on their first year teachingeds. | searched for schools whose cultural
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scripts focused on conservative forms of teachigch often included pressure to improve
students’ achievement on standardized tests.

| found that all participants made changes to theictice, often daily, based on student
thinking. However, the three participants who rgadnacted ambitious practice provided
themselves with opportunities to become familiathvtihe breadth and depth of students’
disciplinary thinking. Subsequently, these paracits provided students with increasingly
sophisticated opportunities to shape the classismence activity. The two participants who
frequently enacted conservative forms of teachimged their opportunities to make students’
disciplinary thinking visible. In turn, these parfiants constrained students’ participation in
science activity to reciting “right” or “wrong” wdtances and completing confirmatory activities,
thus aligning with their school’s conservative rastional expectations.

Four implications

Now that | have defined “what counts” as learninggtice and described my dissertation
work, | discuss four implications future researbloat beginning teacher learning and ambitious
practice.

Implication 1: Temporal factors

Novices constantly make sense of their practidbeg interact with actors, tools, and
institutional norms and messages in a context (Edsy2010; Grossman et al., 2009b; Kennedy,
2010; Putnam & Borko, 2000; Rozelle, 2010; Sykesl.e2010; Thompson et al., 2013). Such
interactions are magnified as some teacher educptmgrams develop an ambitious vision and
framework of teaching that differs from their schetistorical cultural scripts that often
promote more conservative forms of practice (Koalalal., 2007; Sykes et al., 2010; Warren &

Rosebery, 1995; Windschitl et al., 2008, 2010).
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Studying how and why beginning teachers learn fppactice through their interactions
with contextual features is neither a linear preaas occurs in a short amount of time.
Therefore the timescale for studying beginning headearning from practice needs to extend in
order to see their “fits and starts” across costeRtich research is rare. In mathematics
education, for example, Ensor (2001) notes thaethee few longitudinal studies, and apart
from that of Brown (1985, 1986), these studies Haxgely explored the relationship between
preservice teacher education and beginning teadfongcognitive learning theories (see, e.g.,
Cooney, 1985; Wubbels & Korthagen, 1990).

One possible reason for a dearth of research d&mowand why novices learn from
practice over time is that such studies pose camplethodological and theoretical challenges
(Littleton, 1999). Teachers’ learning simultanegusgiflects their evolving decision-making,
their sense-making around norms for participatésrd their actions in a vibrant daily classroom
reality. Therefore novices’ learning cannot be ustted only as a series of discrete educational
events. As Mercer (2008) notes:

“Although the efforts of the... teacher...in each lessmay be focused on
specific learning outcomes, there is a cumulativality to the educational
process. Particular tasks will be set in the candé&an overarching
curriculum, some topics will take more than onesgmsto pursue, and the
achievement of some kinds of skills and understapdiay be
prerequisites for more advanced work. In addittbe,same act repeated
cannot be assumed to be ‘the same’ act in repetitiecause it builds
historically on the earlier event. For example, qestion ‘What causes

rusting?’ would have very different meanings anakcfions if asked by a
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science teacher in an introductory whole-classudision before any work
on oxidation had been done by the class, at thetaderies of group-
based experiments, or in a revision session justéa public
examination” (p. 34).

As Mercer implies, researchers must conduct long+-tebservations to see how and why
beginning teachers learn — how they develop prafeakidentities, how they use, adapt, and
create tools, and how their pedagogical decisiodst@aching vision change as they interact
with multiple generations of actors, tools, andcpicees (Roth, 2006). This research involves
collecting evidence of teacher learning from dif@rdata sources, including classroom
observations, journals, assessments, interviewstowe (Ensor, 2001).

To conduct such longitudinal studies, | argue teaearchers could use sociocultural
learning theories to analyze the complexity of leowd why beginning teacher learning from
practice in a context. In the 1990s, a bevy ofasdg framed around sociocultural learning
theories, problematized cognitive learning assuomgtithat guided research in teacher education
(see Carlsen, 1999; Engstrém, 2000a, 2000b; LaVéefiger, 1991; Lave, 1996; Wenger, 1998).
As Nadri (1995) argued, sociocultural learning tieocould help researchers view human
learning as more than an unaided and autonomousduodl acquiring facts; rather, such
learning theories claim all learning is evidencgdh individual’s changing participation in
valued practices of a community over time (Carl4€999; Engestrom, 2004a, 2004b; Greeno,
2006; Lave & Wenger, 1991; Nardi, 1995; Rogoff, 200/enger, 1998). For teaching, this
means studying how novices change participatideaching activities — planning, instructing in-

the-moment, and reflection — over time (Greeno628®goff, 2003).
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Using sociocultural learning theories to frame sadbout teacher learning requires that
researchers pay closer attention to the tempogaiet of learning practice. For example, one
participant in my dissertation, Lucy, embodied @mative science teaching at the beginning of
the school year. She lectured, asked studentaniplete rote tasks, and asked questions that
required students to provide “correct” answers @é&nStaiger, 2012; Pasley, 2002; Roth et al.,
2006; Weiss et al., 2003). However, by the endhefschool year, Lucy attempted elements of
ambitious practice — letting students constructlsgraup models, creating a whole class model,
and selecting a puzzling phenomenon for studerggpptain. Since | observed Lucy over her
entire first year of instruction, | could theorizbout why she eventually attempted ambitious
practice given the breadth of data | collectedtlByend of the school year, | contextualized her
attempts at ambitious instruction with the reshef practice history because | identified key
moments in Lucy’s learning trajectory that shapedtkaching.

Implication 2: “Grain size” of practices

Since professional practice involves historicalmsffor participation, valued activities,
and changing participation, learning practice g@cess of “doing” — participating in practice
over time. While many variations of “participatingXist in the literature, researchers have
engaged in conversations about practices thatskegt student learning for decades (Shulman,
1992). These routines, called “core practices” §&nman & McDonald, 2008), “generative
practices” (Franke & Chan, 2007; Franke & KazerB)P), and “high leverage practices”
(Hatch & Grossman, 2009; Sleep, Boerst, & Ball, 200teacher education literature, are
routines that practitioners enact constantly ardthally that promote student learning.

However, conversations about foundational teachnagtices have only begun to

describe and unpack critical activities that supptudent learning. In fact, researchers, and
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teachers, prioritize different “grain sizes” of ptige to study and enact, often on a daily basis. |
argue that researchers need to theorize aboutahegize of the practice they are examining
because what practices they chose to pay attetatisimape how they examine the talk, tasks, and
tools at play in a classroom.

Some mathematics education researchers, for exaexamine what | call “elemental
practices” — moment-by-moment pedagogical movessabeur on a daily basis. In these studies,
researchers pay attention to minute pedagogicatiemtdrsive details of the moment-by-moment
interactions between teachers and students. BaedsEleep (2007), for example, break apart a
larger practice — whole class discussions — intalle@mroutines, such as eliciting students’ ideas.
Smaller still are practices that promote studenti@pation in the larger practices, such as
“revoicing” or using “wait time.”

The research group | have been a part of at theddsity of Washington considered core
practices on a larger scale (see Windschitl e@lL2). We focused on teacher-student
interactions, generally occurring over a classqeeand a unit of instruction. Teachers in our
study thought of core practices as providing opputies to integrate multiple activity structures
both within a class period (e.g., warm-up, smatiegr work, whole-class sense making) and over
the course of a unit. Ideas and discourse from ebttiese smaller episodes necessarily build
upon one another to support a particular learnoa o one class and over time (e.g., helping
students use evidence from activities to conssaientific explanations).

In my study, each teacher considered differenttm@agrain sizes depending on their
analysis of student thinking and needs. In one,ddseia focused on larger core practices at the
beginning of the school year, trying to establisit-long instructional routines that students

could feel comfortable with over time. By the erfdlee school year, Maria and her students
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understood how a unit would progress in their ctaa®. Maria subsequently decided to “zoom
in” to more elemental practices, trying to sup@irtstudents’ participation in various aspects of
the larger core practices. For example, Maria titedsk focused questions during small group
discussions so that she could provide opportunitieall students to theorize about the science
activity. Joseph and Karen also transitioned frargér core practices to more elemental
practices as the year progressed. As a reseatadwerd understand why each participant
focused on larger or more elemental practicesfirdnt points of the year because | paid
attention to how the grain size of the practicgpbdlthe teachers work through perceived
problems of practice.

Implication 3: Novices’ experimentation with prati

As | have argued, teachers make decisions abdug, tdk, and tools used in the
classroom to support various “grain sizes” of grad. As teachers enact these practices, they
begin to see that certain features of the pedagbatines support student learning in their
school context. In other words, | contend that lheas constantly experiment with their practice
over time to serve students’ needs. By experiniangan that teachers try out practices to
constantly improve their instruction in order torlegponsive to their students. However,
experimentation could take different forms depegdin what the teacher, and researcher, view
as practice and learning. Therefore, researched toeask about and pay attention to what
novices experiment with and why.

For example, many science teachers are preparesuapdrted to merely manage
material activities and students’ behavior at tkggemse of learning to provide opportunities for
students to reason about science ideas (Adams &kKvwer, 1997; Freese, 2006; Grossman et

al., 2009b; Levine, 2006). In my study, Rebecanigxample of a teacher who experimented to
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better deliver information to students by constantbking adjustments to Power Point lectures,
the grammar structure of written directions, arelrbutines she used to call on students to state
“correct” answers on the public plane. Maria, Jbsemd Karen, however, experimented by
trying out ways to provide students with opportiesitto share their science ideas.

Often, Maria’s, Joseph’s, and Karen’s experimeatateflected their conversations with
colleagues around similar problems of practice.dx@mple, Maria spoke with a colleague at a
professional development workshop about scaffoldimgents’ use of evidence in explanations.
The colleague invented a tool called a Red Ligha&arlight poster, which provided a
framework for conversations between students a&adence. Maria decided to experiment with
the Red Light/Green Light poster in her classroammd) the next unit, and after adapting the
tool for her school setting, found that her studeranstructed more sophisticated evidence-based
explanations. Maria then attended another profaasaevelopment workshop in which Karen
was also a participant. Karen expressed her desseaffold students’ evidence-based
explanations with Maria, and they subsequentlyutised Maria’s version of the Red
Light/Green light tool. Karen, like Maria and thegmnal colleague, experimented with the tool
in her class and used it to scaffold students’ awe-based explanations. Note that | observed
and theorized about several features of the ppaints’ experimentation — why the participants
wanted to try a tool given their problem of praetio their school context, where the participants
first learned of the Red Light/Green light posterd how each participant tried the tool in their
classroom over multiple units.

Implication 4: Problematizing binary language abaeacher learning and practice

As | noted in when discussing “decontextualizezicher learning research, many studies

of beginning teachers use binary language to ctearae novices’ learning and practice: for
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example, teachers are “ambitious™conservative”, “effective’or “ineffective”, they haver
don’t have subject matter knowledge. However, nsgeiitation illustrates that how beginning
teachers learn from practice involves complex i@tships between individuals and their school
contexts over time.

In my study, | found that each teacher’s learmirag too complex to be easily
categorized. | could, for example, label Rebecca ‘@®nservative teacher”, one whose
instructional practices are disservice to studeatriing. However, characterizing Rebecca as
“conservative” does not describe her learningonisaf practice, and hard work to become a
teacher. Rebecca often attempted pieces of ambifitactice — eliciting students’ science ideas,
attempting to make her genetics unit “relevant iateresting” for her students, and framing
each unit around a puzzling phenomenon that trdests had to explain. Rebecca navigated her
vision of practice with her school’s conservatimstructional expectations, and emerged from
navigating the tensions around “what counts” ashiegy as a great teacher according to her
school’s values. Over time, Rebecca learned whadléygartment valued, and she frequently
exceeded her administrators’ expectations for reaghers. Rebecca also valued students as
learners; she genuinely felt that she was helpindents by enacting the practices her
department cited as beneficial given a bevy ofddashzed testing data.

Rebecca illustrates the difficulty of using bin#gpguage to describe teachers. As a
researcher, | realized when observing Rebeccd thatwas influenced by such binary language
— when coding, writing, and talking about Rebedcasisted the urge to call her “conservative”
or “not ambitious”. Instead, | tried to understdmalv Rebecca felt supported to make particular
kinds of instructional decisions that led to leaghopportunities given their school context and

vision of practice.
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Epilogue

| had the privilege of frequently observing fivewaes during their first year of teaching,
watching them navigate the complexity of learnirari attempts at ambitious practice in their
school context. However, the complexity of teadearning evident in my dissertation echoed a
guestion that Lampert (2010) also posed: Is itiptesso prepare novices for ambitious practice
in a way that will enable them to work in any schamywhere? While ambitious practice
provides a framework for teacher preparation aachieg over time, we, as teacher educators,
need to better understand how our community cadystad support beginning teachers.

| conclude with one suggestion for teacher edusaiidnose that prepare teachers need to
be ready to learn from their research about nouizdésrther advance ambitious practice based
on what happens in actual classrooms. Windschal. 2012), for example, found that once
their participants (methods students) began usigig-leverage practices in classrooms, they
began to reshape the practices and tools to sugh@irtwork to better serve their immediate and
valued goals. The researchers did not dismiss tmetations and advances; rather, they
reshaped their methods class based on lessonsdglaom research. As teacher educator, |
constantly ask myself: How does my own understandirteaching change as my students learn
from practice? How do | make changes to methodssels and a teacher preparation program,
based on what | learn from my students? What kaidsipport do they need to enact ambitious
practice, and how | can adapt my own class to bstigport the next cohort of beginning
teachers? As | conduct more research about amsipiactice, | hope to contribute to the field’'s
understanding of how and why we can support begmteachers’ learning over time and across

contexts.
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Appendix A.
Semi-structured interview one: Unit interview indilog resource card sort

APPENDICES

Time Question about Participant’'s Science Question about Question about Science Question about Reflection
Period Understanding Participant’s Unit Activity and Science Ideas and Pedagogical

Planning and Pedagogical during Class Reasoning

Reasoning
Initial What science are you teaching about this unikfow are you planning to Describe your first days of  After your first lessons, what
Unit teach the science? this unit. What will | see aspects of your teaching and
Planning What is difficult to understand about the when | come in? students’ ideas will you

science? Why do you think so? What do you want to make (Prompt and listen for: reflect about and why?
sure that students Teacher’s role, students’
understand? role) (Prompt if needed to see
their reasoning about future

For this unit, you have How will you distinguish planning and adapting

several resources to draw onbetween a science idea and anstruction: After reflecting,

as you plan and teach non-science idea? what will you do?)

lessons—such as your (Listen for: What do you

department, curriculum, value/what is important to

ideas from university-based you about science ideas?)

science methods class, the

tools from methods perhaps What do you want to happen

some others | did not name. to science ideas during class?

How would you rank the To non-science ideas?

influence of these on your  (Listen for: who gets to

planning, teaching and decide what is/is not a

reflecting? Did this change science idea, how they

over time? Why?” travel).
Middle of What science are you teaching about this  How is your unit unfolding  Describe how science ideas What are you reflecting

Unit unit? in relation to your original  are being treated during classbout your teaching and

(Listen for: What is understanding now? Howplan?

did it change and why?)

What is difficult to understand about the
science? Why do you think so?

Have you/do you need to
change anything about
teaching the science for this
unit? Why or why not?

“For this unit, you have

so far. What, if anything, do students’ ideas now and
you want to change and why?

why? (Prompt if needed to see
(Listen for: How might they their reasoning about future
assert instructional authority planning and adapting

to change science practice) instruction: After reflecting,

what will you do?)




several resources to draw on
as you plan and teach
lessons—such as your
department, curriculum,
ideas from university-based
science methods class, the
tools from methods perhaps
some others | did not name.
How would you rank the
influence of these on your
planning, teaching and
reflecting? Did this change
over time? Why?”

End of Unit

What science did you teach during tm&?  How did your unit unfold in
(Listen for: What is understanding now? Howelation to your original

did it change and why?) plan? Did you need to
change anything about
teaching the science for this
unit? Why or why not?
(Listen for: What prompted
changes (if any)

What is difficult to understand about the
science? Why do you think so?

“For this unit, you have
several resources to draw on
as you plan and teach
lessons—such as your
department, curriculum,
ideas from university-based
science methods class, the
tools from methods perhaps
some others | did not name.
How would you rank the
influence of these on your
planning, teaching and
reflecting? Did this change
over time? Why?”

Describe the science activity What are you reflecting

during the unit. Did it meet  about your teaching and

your expectations for students’ ideas now and

science? why?

(Listen for: How they might (Prompt if needed to see

shape activity for next units) their reasoning about future
planning and adapting
instruction: After reflecting,
what will you do?)
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Appendix B.
Semi-structured Interview Two: Reflection on Fi¥star Teaching

1)

2)
3)
4)

5)
6)
7)

8)

9)

10)

11)

You've had a chance to teach a number of unitsytias, and gained a lot of experience from thditlike you to think back
over the past year—Can you give me an exampleuait® from this year that you would say were “efifee’? Describe
why you thought they were effective. (Listen fardgnt thinking focus and for how the big idea isat#oed or what they
think is important for a unit.)

In teaching there are science ideas and theradseideas. How do you think about the relationgbgtween the two?
What do you do with kids’ ideas across a unit?

In coding your lessons | noticed that you tenddd<dyY & Z practices fairly routinely. Would you sadlgese are a key part
of your teaching? Could you comment on what youasethe purpose of these practices and why they hasome a part
of your repertoire?

Over the last year you had several resources to dinaas you planned and then taught lessons—sugbuaslepartment,
curriculum, ideas from Methods, the tools from Mtk and coaches. How would you describe the relatiluence of
these 4 on your planning, teaching and reflectidgl?his change over time?

In what ways were the goals of your school andsdean Methods aligned? Or not?

What kinds of interactions with other people begiported your learning around what and how to teadere there
particular tools or routines that colleagues orcbes used that best supported your learning?

Can you talk about how you used the tools OR cdsdepm the tools—the big idea tool and the disseunols—when
planning & teaching? [seek out what “residue” therfrfom the tools?, they will not be using thenymaore, but may be
using HEURISTICS that evolved from them]

Did you use any of the tools like: explanation dtist, whole class models, small group models, enad buckets, lists of
hypotheses, summary table, back-pocket questiosscribe.

. Can you describe the tools you used/made/adapWydid you feel you wanted to create these? Hiohwydu use them,
and to what effect with students (get at how tlusteither supported intellectual work, discoumepther interactions
among kids)? What might you change about each tool?

I'd like you now to think back to when you firststed the program (show continuum below), from gaant until now,
what core ideas have shaped your teaching andrig&rkiVHY are these valuable to you? WHAT do thdgrdffor you?
The way to think about what is core to you is tiakrabout how you think about your teaching on g-ttaday basis. What
tends to run through your mind when teaching olevt@flecting on your teaching? Can you give mexample ohow
this idea plays out in your teachin@ When did the idea originate? Did these ideasg#anmer time? How? OR Did they
become solidified or more sophisticated/nuanced?®Hé&/hen did the shifts/solidification happen? Wigberiences or
people helped? (probe for connections among cangxe-emergences) [OPTIONAL- use if not addressatdier] What
ideas might you carry over into your next yearezfahing?
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12) What might you say were your school’s core theasiggaching and learning? How did these shape tgaahing this
year?
13) We would also like to ask about certain practicesnave seen in your classroom—and the ways in whihhave

evolved. Take a look at this performance progresaral talk about how your teaching or visions atteng have changed
over student teaching.

14) What do you feel that you have yet to work out dlteaching science or about student learning ienea? Are there some
particular teaching practices you would like tods®©n for next year?
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Appendix C.

Semi-structured Interview Three: Personal Epistemgglof Science

Teachers’ own science expriences “doing” and leamng science:

1) What science did you major in during college any?

2) Describe your experiences as a science learmaiddle and high school (Listen for what seemsartamt/meaningful and unpack:
Example: All lecture? Labs? If so, what was youe?)

3) Describe your experiences as science learrmlliege (Listen for what seems important/meaninghd unpack: see above)

4) What do you change about your science learnipgréences in school (if anything)?

How and why is science knowledge made and treatedPo help me understand the teacher’s role in shapmscience practice in
classrooms:

1) How do you think scientists come up with thdgas?

2) When scientists do not agree on an explanatidinemry, what should they do? (Listen for teachdescriptions of how and why
people confront discuss new ideas, and how thepusence to make claims to support their prefetiedry).

3) Why do some science theories stay with us anerstdo not? For example, humans used to thingahé was the center of the
universe, but now we do not. (Listen for how teaslhalk about the “correctness” of theories — deytthink that scientists discard the
incorrect for the correct or that there are motéucal/historical/etc. processes involved).

Science in classrooms:

1) What do you want your students’ to learn abaigrsce? (Listen for how they think about contertt apistemology).

2) As you have read, science standards have &l sbterms to describe what students should begdwith regards to science — “hands on”, inquiry,
investigations, etc. What does “doing science” lblkd in your classroom? How do you know when stidare “doing” science in your classroom?

3) What is your role in the science that happengiur class, and how does it change over the cairdes year (if at all)?
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Appendix D.
Participants’ Critical Discourses and their Schao[Cultural Scripts
Note: An “X” in a cell indicates that the particigadiscussed that critical or contextual discoas®ss multiple data sources

Discourses Participants

Critical Discourses Karen Joseph Maria Lucy  Rebecca

Funds of knowledge — recognizing students’ lived experiences as central to X X X
instruction

Students’ ideas are “valid” science ideas — theybased on evidence and have X X X
explanatory power for the students given their ustd@ding of the natural world

“Trusting” students to take over the class — radef{j their role as actual X X X
scientists, not just students searching for “Thewer”

Science as a practice, not as a set of vocabutalyaets X X X

Holding students accountable intellectually — presshem for evidence-based X X X
explanations

Authentic science work: “I want them to be confitland feel like they are X X X
scientists, or they could be. They're on that path”

Students should share ideas publically: “tryingéb the students to communicate X X X X
more information to me. And to each other”

Science work should be “relevant” — what problempttienomena are puzzling X X X X X
and worth solving to me, a student, sitting in t&ss right here today?

Recognize myself as a middle class teacher andraltieing with power and X X X
privilege and need to rethink my role in the classn and community

Building a safe and collaborative community fordgnts to share and learn from X X X X X
each other’s ideas

Every student’s idea is a resource X X X X X

My biggest value around science teaching...is ndlatdagnore the guy in the big X
white coat with the big fluffy mustache who'’s whiteeh, and dead, but to turn
down his volume

My job as a teacher is to help students realizettigr ideas are valuable and X X X
worth sharing and working on

First year of teaching is about “surviving” — foaug on “making it” this year, and X X
| will try out methods class ideas next year

Students should be “engaged” and interested irs clas X X

Students should “do” science methods X X

Building a safe and collaborative community fordgnts to “be successful’ X X

“I'm an organizational freak”: need students todoganized both physically (even X
rows, clean notebooks) and conceptually (need derstand science as a body of
organized facts)
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Holding students responsible for organization amshgleting learning goals X

Need a “responsive” classroom where all studenticpzate X X
Students should share ideas publically: learn cos@ence from each other X
School Cultural Scripts

School’s theory of teaching: “Imparting knowledgestudents” X X X X X
Department: Use students’ ideas to see what theganceptions are so we can X X X X
fix them

“hit all of the standards” X X X X X
Students’ role in science activity: “mirror” work scientists but in the end, come X X

to the “correct” answer

Increase standardized test scores X X X X X
Science has two features: true facts and “the sfitemethod” X X X X
When exposed to ambitious practice, department‘sgyst can't, so I'm just X X X X

going to do it by the book. I just can't.”
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