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ABSTRACT OF THE DISSERTATION
Exploring preservicéeachers development of awareness
of student thinking
by VICKY KATHRYN PILITSIS

Dissertation Director: Ravit Golan Duncan

Numerous reportsave emphasized the need to engage students with the practices
of scientific nquiry, specifically modebased inquiry in which students develop models
to explain phenomena. A key factor in implementing this practice is the ability for
teachers to attend and interpret student learning to guide instructional ¢Resgarch
showstmt experienced teachersod understanding
design; however the research on preservice teaffP€ysas mixed resultgor exanple,
several studies have reportbat PTs foresee few student learning difficulties when
planning lessons while other studies found that PTs do acknowledge the mopata
student ideas. Furthexzyen when PTs do acknowledge student thinking, they are not
clear what to do to ameliorate these misunderstandd&ysg able to attend and resyb
to student thinkings based on theonstruciof noticing which is the ability to notice and
interpret significant interactions in the classro®@ue to thecomplex and dynamic
nature of the classroom, it is difficult for PTs to develop these skitksaintime due to
the logistics involved in obtaining videos of PT instruction and the cognitive load
involved in attending to the messy contexts of the real classroom environment. To
circumvent thé problem, teacher educataen focus on the precursorfsnmticing

including framing and developing awareness of student thinkirtgerdore, this



dissertatiorfocuses on the development of these precur3tisfindings from these
three studies will provide teacher education researchers with a clearee picithere
PTs are still struggling in their development; thus, they will be able to design and

implement appropriate interventions that can help enhance these practices.
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Chapter 1: Introduction



1.1. Statement of the Problem

Standards documents and policy reports hawphasizedheimportanceo
engage students with the epistemology and practices of scientific inquiry (National
Research Council [NRC}],996, 2007, 201} Engagement in these practices
consequently involves a shift towards more studentered classroonis which
students construct their own understandings of scientific phenomena (NRC, 2000; 2007).
Teachers aci | it at e st ude nitisifperative tratteacherd devalopni n g,
the knowledge, beliefs, and practices to implement inquiry teq¢Aind-El-Khalick,

Bell & Lederman, 1998; Abdtl-Khalick & Lederman, 2000; Nott & Wellington, 1996).
However, thiscan be challengingecause many teachers have not had much experience
with authentt scientific inquiry practicesither in their own educatn or in their teacher
preparation (Crawford & Cullin, 2004; Harrison, 2000isti & van Driel, 2005; Justi &
Gilbert, 2002; Windschitl & Thompson, 200@). general, teachers have trouble
interpreting student ideas and using their interpretations to msttactional design.

A key factor in implementing inquirpased teaching is the ability to attend to and
interpret student ideas and to use such interpretations to guide instructional design
(Hammer, 2000; van Zee & Minstrell, 1997; NRC, 1996; AAAS,3)9%he ability to
interpret events in a given domain is wiatadwin (1994) termegbrofessional vision.

For example, a detectivebs professional vi
van Es and Sherin (2002) d&evkedoeokdorn h@oddwai
notion of professional vision. Theongruct of noticinginvolves teachers being able to

attend to student ideas, interpret how those ideas relate to the oaralidegorocess,

and implemenéappropriate instruatnal strategieto help ameliorate any

misunderstandings. However, developing these skills can be challenging since their



application happens in a manner that is fleeting and that is distributed through the
moments of instruction (Sherin et al., 2008). This fleeting, complak dynamic nature

of noticing poses challenges for teacher educators. It is often difficult to help preservice
teachers (PTs) notice in real time due to the cognitive load involved in attending to the
messy contexts of real classroom interactions asaséte logistics involved in

obtaining videos of PTs instruction. To circumvent this problem, teacher educators can
focus on the development pbtentialprecursors tmoticing | present three constructs

that | popose can serve as precurgdigure 11): (a) framing, (b) interpretation of

student work, and (c) plannégpotheticaresponsed used the phraseveloping an
awareness of student thinking t o denote PTs6 ability to: (.
thinking (in written artifacts); (b) interpt this evidence in terms of how it connects to

|l earning; and (c) decide how to hypothetic
understandingl have identified these as precursors to noticing since they do not occur in

the moments of instrdon but rather occur either after the leskas been taught or in

the evaluation of static student artifacts

Professional Vision

fr

— b Attending
Noticing
LS .
Interpreting
LS
W Responding
Developing B Framing (Lens of Reflection)
an awareness 4
L
_L Interpretation of student work
Planned Responses




Figure 1.1:Hierarchical order of developing an awareness of student thinking

In this dissertation, | explored how theecursos to noticing, which | termed
developing an awareness of student thinkaolganged over the course of a teacher
education program investigated the precursors to the construct of noticing since
previous research has already indicated that BTetlinterpret student ideas (Morris,
2006) as well as they do not know what to do with the students ideas once they have been
surfaced (Davis, 2006 Additionally, since the study of #se precursors diabt occur in
a realclassroom environment, éliminated the complex and dynamic nature of
instruction; thuselimination of thes@ressures allowed me &scertain how (if at all)

PTs could attend to student understanding. The findings from these studies can shed light
on whether or not PTs are able ttead and interpret student thinking when outside
pressures have been eliminated. The next section of this introduction Wilghtghe

construct ohoticing as well agxplore howthis construct has beerudied in previous

research

1.1.1. Noticing and its gpplication

Part of expertise is having a professional vision (Goodwin, 1994). Teachers also
have professional vision, and van Es and Sherin developed the framework of noticing to
capture this idea of professional vision for teaching. Understanding hodetrétops
and how teacher eduoas can support its development can help PTs to become more
cognizant of student ideas in their classroom. The construct of noticing consisteof
professional skills: (a) identifying what is important, (b) making cotioes between the
specifics of classroom interactions, and (c) using what one knows about the context to

reason about the classroom situation.



The first aspect of noticing, identifying what is important in a teaching situation,
refers to the ability ofite teacher to select what they will attend and respond to in the
class.At any given time in a classroom there are many different things going on, thus, the
teacher must determine what is important and use this information to guide instruction.
The secondspect of noticing, making connections between specific events and broader
principles for teaching and | earning, refe
events in the classroom are connected to student understanding (van Es & Sherin, 2002).
Therely, teachers must be able to interpret h
overall learning procesginally, the third component of noticing, using what one knows
about the context to reason about the situation, refers to teachers noticing classroom
interactions (e.g., student ideas) and how they are tied to the specific context one teaches.
In other words, teachers must use their knowledge of the subject matter and knowledge of
how students think of that subject matter to reason about events amtbiely(van Es &
Sherin, 2002). For example, teachers of science will more accurately reason about
classroom interactions in a science classroom than interactions in a literature or
mathematics classroom. Similarly, chemistry teachers are more faciterptéting
studentsdé6 understanding of chemical react.i
Sherin, 2002).

van Es andherin (2002) studied the construct of noticisghg a software tool
called VAST(video analysis support toolgjheyattempted to supmpt preservice
mathematics teachers in developing the ability to notice and interpret aspects of
classroom practice. The PTs analyzed videos of mathematics lessons in terms of student

thinking, teacherdéds roles, andPkkitos@our se.



identify what they noticed in the lesson; (b) provide evidence for what they noticed; and
(c) provide an interpretation of what they noticed. van Es and Sherin used a four tier
coding scheme to analyze PTs comments that captured movemenxnleloriptive to
interpretive comments. Descriptive comments included recounting chronological events
that occurred in the lesson while interpretive comments involved calling out an event
from the videotaped | esson, idengefiomthei ng t he
video, and interpreting this event in relation to the bigger picture. The authors found that
the PTs who used the VAST software were able to shift from descriptive to a more
interpretive stance in their analyses of the video.

Although van E and Sherin used video when studying noticing, others such as
Jacobs, Lamb, and Philips (2010) used written work when studying this construct. In their
study, Jacobs et al. (2010) used the framework of noticing to uncover how teachers with
varyingdegreee f expertise: (a) attended to childr
interpreted childrends mat hematical wunders
their analyses after participating in continuous professional development (PD)
workshopsThey foundthat teachersith more experience were inclined to attend to
chil drenbés strategies and interpret childr
level of expertise, teachers had difficulty deciding how to respond. That is, even after the
teachers idntified what students did not understand, they still struggled with suggesting
mathematical problems to ameliorate these misunderstandings. Since the teachers were
analyzing written work, some aspects of this study are very relevantdevub®ping an
awarenesgonstruct because similar to the stuagiesductedn this dissertation; this

study did not use real time data.



Other researchers such as Kazemi and Franke (2004) also dasndfi¢ of using
student workln their study, the authors investigate@hether analysis of student work
could help teachers develop a deeper understanding and interpretation of their own
studentsd mat hematical thinking through <co
this investigation, ten teachers met once a momtughout the course of the school
year. At each meeting, teachers selected pieces of student work to share, and the group of
teachers described in depth the strategies the students used to solve the mathematical
problems. Kazemi and Franke foutét whenteachera nal yzed t heir stude
they developed more detailed knowledge of
and began to shape a particular stance abo
wor k i nvol ves at tnlang;db) teaghers makephhlid treeir effortéte t h i
elicit student thinking; and (c) teachers

Thus far, | have described the construct of noticingthad/arious ways that it
has been studieth the investigabns conducted as part of my dissertation, | chose to
explore the precursspf noticing,developing an awareness of student thinking,
evaluating PTs6 analyses of static student
student artifacts for studethinking does not occur in a real time classroom environment,
it is still a very authentic teaching practice. The next section of this introduction will
describe the first construct of developing an awarefiesajng.In order to develop the
practices bnoticing, PTs must first view the classroom in a way that is cognizant of the

learner, i.e., they need to frame classroom teaching as being about student thinking.



1.1.2Framing

Framing denotes a cognitive lens (or schemas) a teacher uses to meks# sens
what is going on in the classroom (Levin, Hammer, Coffey, 2009). The framing construct
has initially been used in research on physics education, which has shown how student
reasoning can settle into different patterns of behavior and interpretatidifiterent
situations (Reddish, 2004; Rosenberg, Hammer, & Phelan, 2006). For example, when
presented with a physics problem one student may frame the problem to be quantitative,
thereby, solving for unknown variables in an algebraic equation. Convearetier
student frames the problem as an occasion for intuitive sense making, thereby,
constructing a narrative of the mechanisms noted in the problem.

However, more recently, this construct of framing has been used in teacher
education to describe theffdirent ways in which teachers view classroom events. With
this view, whether and how teachers attend and respond to student thinking largely
reflects how they framed what was taking place in their class. Levin, Hammer, and
Coffey (2009) were interested imcovering whether PTs actually can frame classroom
events in ways that highlight student thinking. The authors conducted this investigation
because prior research suggested that PTs do not attend to student thinking (e.g., Davis et
al, 2006; Friedrichseet al., 2009). Levin et al. (2009) analyzed field notes, video
recordings of lessons, and papers written throughout the course from four PTs enrolled in
a teacher preparation program. Their analy
attended to studetttinking by how they framed what was taking place in the lesson.
Levin et al., (2009) considered evidence of attending to student ideas when PTs noticed

and responded to student ideas in their lessons as well as when PTs made claims about



student reasongithat was supported with evidence from the data. The authors found that
the four PTs in their study used frames that afforded attending to student learning. For
example, one PT was aware of student ideas as evidenced by the kinds of questions she
asked ad the ways she asked the students to elaborate and explain their comments. In
this case, the PT attended to student learning by addressing the student responses.
Another PT attended to student thinking as evidenced by asking a student to explain her
idea and then used that idea as the focus of the subsequent class discussion. The authors
argued that the evidence from the case studies noted above suggests that novice teachers
have the ability to attend to student thinking, but what they notice in classddepgrart

on how they frame what they interpreted in the lesson. Thus, when PTs are asked to pay
attention to curricular objectives, standards, and their own behaviors than it is not
surprising that they do not pay attention to student reasoning. Howéan,asked to

attend to student thinking and student ideas, the PTs are able to. Levin et al. (2009)
concluded that while PTs are able to use frames that account for student understanding,
teacher education programs must prioritize engagement in thigcpraefore PTs

develop routines that distract from student thinking.

In summary, this introduction highlights research that has used the construct of
noticing as well as studies that have promoted the practices of noticing in teacher
education program#s evidenced from the studies, developing the skills necessary for
noticing is not a trivial task and it is often difficult to train PTs in real time environments;
thereby, using artifacts such as written work can be beneficial with developing these
skills (e.g., Jacobs et al. (2010); Kazemi & Franke 20@d$he investigations conducted

as part of my dissertation, | explored the precursors to noticing, which | termed
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developing an awareness of student thinkindhe first precursofframing,PTs must
first view the classroom in a way that is cognizant of leaaredgheir ideadn the next
section of this introduction, | will focus on the importance of reflection and its role in
studying the development of awareness of student thingpegifically atending to
student ideas. | will be discussing reflection because as part of this dissertesigah |
reflection artifacts,ike reflection papers, as a means to capture the practices of noticing.
1.1.3 Role of reflection in developing an awareness dgtident thinking

The ability to reflect critically on on
as an essenti al part of any teachersodo prof
especially important for beginning teachers (Artzt, 1999; Dinkelman, 200Qinski,
2003). However, PTs often either do not reflect on their practice (Alger, 2006; Shoffner,
2008) or do so in a superficial way (Bean & Stevens, 2002; Collier, 1999). They focus on
the technical skills of teaching (Le Cornu & Ewing, 2008) andtma@aconcerns, such as
planning and classroom management (Moore, 2003; Nyaumwe, 2004). Several
researchers (e.g., Cavanaugh & Prescott, 2010; Colton & Spankger, 1993; Hatton &
Smith, 1995) have advocated for the use of reflection in teacher edymaigyams as a
vehicle to shift PTs attention away from themselves and their technical skills and towards
attending to student thinking. Further, reflection fosters personal and professional growth,
which has been shown t o iwanenessvof¢heitclassroomer s 0
practices, including developing an awareness of student ideas (Baird, Fensham,
Gunstone, & White, 1991).

Reflective practices take on many forms. Valli (1997) argued that there are five

types of reflective practices: (@chncal reflectionoccurs when teachers judge general
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teaching behavior skills like time one task, wait time, and student engagement; (b)
reflectiononactonoccur s after teaching the | esson a
beliefs, classroom context, astlidents; (cileliberative reflectioroccurs when teachers
decisions are based on a variety of sources including research, experience, and the advice
of other teachers; (¢hersonalistic reflectiomccurs when teachers link their personal and
professionalives by reflecting on what type of person they want to be and how being a
teacher helps accomplish that goal; ancc(gical reflectionoccurs when teachers view

the school and school knowledge as political constructions and specifically focus on
improving the life of disadvantaged groups. The types of reflection noted by Valli (1997)
have been studied in both-gervice and preservice contexts. Engaging in these types of
reflective practices promotes a thoughtful contextualized view of teachings that i

thinking about teaching behaviors and the context in which they occur, with which
teachers learn how to make choices about educational goals and practices (Kennedy,
1989). Therefore, reflective teachers can look back on classroom events, make judgments
about them in context, and alter their teaching behaviors (Valli, 1997). Research indicates
that PTs who are taught how to be reflective can see the interrelatedness of seemingly
isolated classroom phenomena (i.e., class discussions, student questiomsyrkome
solutions) and tend to take responsibility for teaching problems rather than blaming
students for not learning or not being motivated (Kleinfeld & Noordhoff, 1988). On the
other hand, research shows that teachers who are unreflective tend to loeitirtiegr

ability to make good decisions, consider the consequences of their actions, or to alter

their actions (Borko, Eisenhart, Kello, & Vandett, 1984).
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Zeichner (1987) proposed that there are several strategies that teacher education
programs can iplement to enhance the reflective capabilities of PTs. These strategies
include: (a) action research projects, (b) ethnographic studies in which PTs spend time in
schools studying various aspects of the classroom such as teaahent interactions, (c)
writing in multiple forms such as journals, (d) reflective teaching which involves
repeated cycles of planning, teaching, testing, and reflecting, and (e) curriculum analysis
and development. Although Zeichner (1987) justified the value of all of thesetned!
practices | wish to highlight the uséreflective writing since thesigpes of artifacts
were used as data sources in the investigations | conducted.

Reflective journals and writing assignments (i.e., reflection papers) have been
used in a numbyeof ways to encourage reflective thinking (Valli, 1997). Yinger and
Clark (1981), along with others (e.g. Walker, 1985; Stover, 1986) have argued that
reflective writing in the form of reflection papers stimulates higher level thinking and
increased awaness of personal values and implicit theories through which one
approaches experience. Further, writing assignments allow PTs the opportunity to
analyze their goals, successes, and failures so that each situation affords professional
growth (Valli, 1997).

Analyzing reflective artifacts such as reflection papers can be used in studying the
development of awareness of student thinking because they help capture and measure the
practices involved in noticing. For example, reflection papers are written aflestion
has occurred; thus, all classroom pressures are eliminated. Analyses of these papers will
allow teacher educators to determine what PTs tended to focus on in their lesson and

whether their focus was on student ideas (i.e., the first practiceiohgdt
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However, the development of this precursor to noticing also involves PTs being
able to interpret and respond (hypothetically) to student ideas. The remainder of this
introduction will focus on one important aspect of instruction that is esstmtial
gathering evidence of student thinking, namely assessment. | focused on assessment
because it is probably the simplest means for teacher educators to analyze for PTs and it
is the most accessible. Analyzing PTs interpretation of assessment artifectsasure
the development of the last two practices of noticgpgecifically interpreting and
hypothetically responding.

1.1.4 Assessment and developing an awareness of student thinking.

Developing an awareness of student thinking does not onlywavalticing
student ideas, it also includes PTs being able to interpret and critically analyze what they
notice so that they can adjust their instructional practices accordingly. Formative
assessments are the activities that teachers engage in duringtimstin order to
produce information about student understanding that can facilitate adaptations of
instruction (Sadler, 1989). By engaging in formative assessments teachers are able to
address what students are having difficulty with because theyakiaeddor evidence of
student learning (i.e., questions, comments), thereby, adjusting instruction as needed
(Erickson, 2007).

Several researchers have studied how PTs think about, design, and use
assessments. Friedrichsen et al. (2009) found that ye@ohing experience influenced
the types and timing of assessments, specifically novice teachers did not readily
implement formative assessments. Moreover, novice teachers waited to grade worksheets

and used the grades on the worksheets to inform tigtiuction in subsequent lessons.
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Research in teacher education has elucidated some of the naive conceptions of

assessments generally held by PTs (Buck, Trhiatte, & Kaftan, 2010). For example,

PTs generally hold a Aigstudentosdamow!l gege
significant implications on the types of assessments they implement and the ways they
interpret student responses (Otero, 2006).

Given the difficulties novice teachers experience with regard to assessment
practices, Harlan ahJames (1997) argued that PTs need to develop the necessary skills
to engage in formative assessments more readily. The skills involve interpreting evidence
from the classroom and making use of this new knowledge in their lesson. In order to
develop thesskills, PTs need to first collect evidence in the form of student responses on
the lesson topic. Once the PTs have identified this evidence their interpretation should be
in terms of what to do to help further learning (Harlan & James, 1987).

To develp these skills, Furtak et al. (2010) argued that PTs need to follow a
specific framework for effective formative assessment practices. The first step of this
framework involves setting a goal, which includes identifying a target understanding or
ability for students. Next, the PTs must determine what students know. To identify the
prior knowledge of the students, the PTs need a strategy or prompt for making student
thinking explicit. Some of these strategies could include listening to student ideas in
smallgroup talk, reading over student written work, and asking specific questions. Once
a PT has assessed the gap between student thinking and desired learning goals, the final
step is to provide the student with feedback to improve performance in the dir@ctio

the learning goal (Furtak et al, 2010). In order to fully implement the framework put forth
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by Furtak et al, (2010), it is important for PTs to understand how learning should
progress in order to enable them to see where the students are on timng leajectory.

As evidenced above, formative assessments entail different types of skills and
knowledge needed by teachers, such as content knowledge, the skill of interpreting
evidence from student artifacts, and making use of this new knowledge nmidetéhe
students underlying misunderstandings. Novice teachers tend to struggle with these
essential skills that are needed to engage in formative assessment (Friedrichsen et al.,
2009). For example, in their review, Davis et al. (2006) contended tatdwen PTs
engage in formative assessment they often lack the knowledge of what to do with the
evidence (i.e., student ideas) that surfaced. Given the studies reviewed thus far, it is clear
that PTs struggle with implementing formative assessments fiougaieasons, such as
their difficulty in determining what constitutes as evidence of student learning, their
interpretation of this new knowledge to identify student misunderstandings (e.g., Harlan,
2005), and their limited knowledge of assessment pegc{ie.g., Maclellan, 2004). In
order to alleviate this difficulty, PTs must begin to think about assessments differently.
For example, Stiggins (2001) argued that PTs need to develop a new way of thinking that
balances assessmefuslearning with assessentsof learning. Stiggins (2001)
contended that this view would allow PTs to see the necessity of providing information
back to students in ways that enable these students to learn better. Others, such as Earl
(2003) advocated for synergy among assesswoétgarning (summative), assessments
for learning (formative), and assessmeaagearning (this is an ungraded assessment in

which students monitor their own learning).
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PTs must recognize the different purposes of assessment by shifting their
paradigmto understand how assessment can drive instruction and positively impact
student learning and performance (Volante & Fazio, 2007). However, there has not been
much research conducted on how to shift PTs understanding of assessment. Buck et al.
(2010) contaded that in order for PTs to see the connection between interpreting student
ideas and changing instruction accordingly, teacher education programs must make
formative assessment practices more recognizable. In their study, formative assessment
practicegyuided all aspects of the semester long methods course including instructional
planning as well as teaching and learning strategies implemented during class periods.
For example, all PTs enrolled in the methods course were required to conduct a case
studyof teaching science with elementary students in an afterschool science class in
which they worked with these students once a week for five weeks. The PTs created and
implemented instructional plans that focused on formative assessments, including: (a) a
peassessment plan to probe studentsdé prior
instructional topic and development of lessons that addressed the goals; and (c)
embedded formative and summative assessment plans for the entire unit. Buck et al.
(2010) contuded that PTs gained a more sophisticated understanding of formative
assessment which was evident in the PTsd6 a
into instructional | esson plans, 1 mpl ement
conceptions por to instruction.

1.1.5 Overview of the three studies.

The following three studies take different approaches to address the question:

How dopreservice teachers develop awareness of student thinkingRis question
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serves to examine how the presans to noticing, specifically framing and developing an
awareness of student thinking evolve over the course of a teacher education program.
Findings from these studies contribute to the literature by demonstrating how PTs attend
to student ideas to driveypothetical follow up lessons.

In the first study (chapter 2), | analyzed three reflection papers that wéenwri
over the course of the teacher education progfdms study examinethe first precursor
to developing an awareness of student thinkiragning.In this investigation, éxplored
what components of student thinking were noticed by PTs in their written reflection
papers. | then characterized the various frames that the PTs employed while reflecting on
their lessons. | wanted to identifyhat degree (if at all) the PTs placed on attention to
student thinking.

Attending to student ideas is comprised of several different skills, thus in the
second study (chapter 3)examined how PTs assesstddent understanding by
analyzing the PTs reft#ions papers in which thesvaluatedstudent thinking in terms of
scientific content and scientific practicégxplored how their assessment of student
ideas changed over the course of the two year teacher education program. In addition, |
also investigtedin what ways théTs used their analysis of student artifacts to guide
instructional design.

The final study (chapter 4) examined how the three skills in developing an
awareness of student thinking, specifically attending, intergyesind hypothetaily
respondinghanged throughouiheteacher education prograinexploredthe
development of these skillyy analyzing the PTs respondesnteview questions in

which theywere asked to assess student mod&ss interested in uncovering whether
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thePTs were more descriptive or interpretive in their analyses. | also explored how their
analyses of student models impacted their suggegfeathetical followup lessonsA

second component this study examined how experienced inquégchers attended
student ideagMVly goal for this part of the investigation was to determine how years of
experience impacted attention to student thinking.

Findings from all three investigations have several implications to teacher
educatorsThe results from the varus studies wiladvance our understanding htve
precursors to noticing, specifically framing and developing an awareness of student
thinking, change over time. Researchers, such as Tabachnik and Zeichner (1999), found
that PTs do not account for studetgas; however, my investigations have eliminated the
dynamic nature of a real classroom environment; thus, the results can indicate how (if at
all) PTs accourtd for student thinking without the pressures of the classroom
interactionsEstablishing thidaseline how the PTs account for student thinking will then
allow teacher educators to develop more appropriate pedagogical tools to be used in
methods course3hese investigations also have a methodological implicalinotie
past, the construct of frang and noticing has been studied using videos. These
investigationghat I conductedwill provide insight if these constructs and their precursors

can be studied using static artifacts, such as reflection paper and student written work.
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Abstract

Noticing is the ability of teachers to attend and interpret student thinking to guide
instructional design (van Es Sherin, 2002). The skills involved in noticing can be
challenging to develop in teacher education programs because of the cognitive load
involved in attending to the dynamic context of the classroom in real time. Teacher
education programs may be bettesitioned to develop a precursor to noticing we term
framing Framing or frames are lenses of instruction that involve developing a range of
iseeingo events in the classroom. Thus,
experience in ways that piiege student thinking. In our investigation, we characterized
the frames preservice teachers employed in reflections on instruction episodes. We found
that the frames the preservice teachers employed had varying degrees of attention to
student learningThroughout the course of the teacher education program, we observed a
slight shift in the frames the preservice teachers employed in that they began to use
frames that were more attentive to student thinking. In addition, we found that preservice
teachersvho used frames that were more attentive to student ideas were more

interpretive of student understanding when analyzing written student artifacts
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2.1 Introduction

Over the past three decades, standards documents have emphasized the need to
engage stdents with the epistemology and practices of scientific inquiry (National
Research Council [NRC],996,2007,201) . Si nce teachers medi at e
learning, it is imperative that teachers develop the knowledge and practices to implement
inquiry teaching (AbeEl-Khalick & Lederman, 2000). A key factor in implementing
inquiry-based teaching is the ability to attend to and interpret student ideas and to use
such interpretations to guide instructional design (van Zee & Minstrell, 1997). The idea
of attending to student thinking is not netvhas been a core aspect of pedagogical
content knowledge (PCK) models for decades (e.g., Grossman, 1990; Magnussion,
Krajcik, & Borko, 1999). More recently, Windschitl et al. (2012) advocated the need to
use instuctional tools that support ambitious teaching, including strategies that help
teachers attend to student ideas. However, despite the need to and benefits of attending
to student thinking, this practice poses a major obstacle for experienced teachers and
even more difficult for preservice teachers (Chamberlin, 2005). In particular, preservice
teachers (PTs) struggle to make sense of student ideas and to develop these naive ideas
towards more normative understandings (Friedrichsen et al., 2009). iTe@sklved in
noticing student ideas can be difficult to develop in teacher education programs because
of thecognitive load involved in attending to the dynamic context of the classroom
instructions. Thereby, teacher education programs may be betigomped to develop a

precursor to the skills of noticing, which we teframing In this investigation, we
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examined the devel opment of framing in a s
reflection papers.
2.2 Theoretical Framework

In every field, expertsdve the ability to notice and interpret events in their
domaint hey have what Goodwin (1994) termed npr
Goodwinbs ideas, van Es and Sherin (2002)
capture the notion of professionasin in teaching. The ability to notice consists of
three subskills: (a) identifying what is important, (b) making connections between the
specifics of classroom interactions, and (c) using what one knows about the context to
reason about the classroortuation. Sherin et al. (2008) contended that the development
of these skills is difficult because classroom interactions, the fodder for noticing, are
often fleeting and several interactions may occur simultaneously. It is even more
challenging to help PTdevelop these skills due to the cognitive load involved in
attending to the messy and dynamic contexts of real classroom interactions. Obtaining
videos of PT instruction can also pose logistical challenges.

To circumvent these issues, teacher educatrgacus on the development of
precursors to noticing. We propose framing instruction as being about student thinking as
a precursor to noticing. Hammer et al. (2005) termed frames as lenses to instruction and
argued that framing involvesdelopingarang o f fiegeatein thegclassroom. The
framing construct has initially been used in research on physics education, which has
shown that how studentsd frame the | earnin
patterns and behavior (Reddish, 2004; Rbseg, Hammer, & Phelan, 2006). For

example, when presented with a physics problem one student may frame the problem as
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an equation to be solved, thereby, identifying variables, plugging them into an equation to
solve. Conversely, another student framesgioblem as an occasion for intuitive sense
making, thereby, constructing a narrative of the mechanisms noted in the problem.

More recently, this construct of framing has been used in teacher education to
describe the different ways in which teachers vidagsroom events. Levin, Hammer and
Coffey (2009) found that whether and how teachers attend and respond to student
thinking largely reflects how they framed what was taking place in their class. Therefore,
a frame refers to expectations an individual &asut a situation that affects what they
notice and how they act. In order to develop the skills necessary for noticing, PTs must
first frame their teaching experience in ways that privilege student thinking such that they
observe these ideas and are sgbently able to interpret and respond to them.

Most of the research about framing was
teaching. However, we wanted to investigate whether we could measure framing through
written reflection papers. Researchers, sudiasnaugh & Prescott (2010) and Hatton
& Smith (1995), advocated for the use of reflection in teacher education programs as a
vehicle to shift PTs attention away from themselves and towards attending to students
thinking. Further, reflection fosters pemst and professional growth, which has shown to
i mprove teachersod6 knowledge and awareness
developing an awareness of student ideas (Baird et al., 1991). Due to these benefits of
engaging in reflective practices, wadtfthat reflective practices would be an appropriate
way to examine if PTs were capable of attending to student thinking. Engaging PTs in
reflective practices could also be a productive way to study framing because how the

reflection is framed places amphasis on learning through questioning and investigation
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since it occurs after the lesson was taught, thereby, eliminating all time constraints and
other classroom pressures. By characterizing the frames that are expressed, teacher
educators may be able éxamine the various ways PTs attend to student ideas as well as
study the development of framing. Further, some research on noticing suggested that PTs
change throughout a teacher education program; thus, it may be that PTs first need to
develop the pragsor to noticing. Thereby, it is important to examine the development of
framing over the course of a teacher education program. Our research questions for this
study are:
1.To what extent do PTsdé framing woftudenbei r |
thinking?
2.How do the frames expressed by PTs change over the course ejeamteacher
education program?
2.3Methods
2.3.1Study Context
This study was conducted in the context of a-jwar Ed.M. certification
program for secondary biolggeachers. There were sixteen PTs enrolled in the program.
Four of the PTs were males and twelve were females. Fifteen of the PTs were Caucasian
while one was of Asian descent. Al Il of the
biological sciences with ne having biology degrees, three having animal science
degrees, three having environmental science degrees, and one having a molecular biology
degree.
The two year Ed.M. program included four life science methods courses that

were taken in sequence (indlog a seminar that accompanied student teaching). The
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methods courses were geared to the development of knowledge and practices-of model
based inquiry instruction. Each methods course had a slightly different focus. The first
courseMethods ] focused ormleveloping PTs knowledge of the nature of scientific
inquiry. Methods llwas a design course in which the PTs worked in groups to design an
extended inquinpased unit as well as implemented a short ingo@ged lesson.
Methods II| which accompanied ttetudent teaching internship, focused on the
implementation of inquinpased instruction as well as reflecting on their instructional
methods. The majority of the PTs (fifteen out of the sixteen) completed their student
teaching practicum in suburban higthools in the northeast while one of the PTs
completed the requirement at an inner city high school in the northeast. Finally, the last
course Methods IVengaged teachers in action research using data they had collected
during their student teaching @rhship. The data that we used in this study was taken
from Methods llandMethods III.

2.3.2Data Collection

In this study, we used four assignments fidethods llandMethods Il (a)
teaching experiment reflection paper friviethods 1) (b) lesson sdtand Il reflection
papers fromMethods Illand (c) reflective journals fromdethods llandMethods III.

Teaching experiment reflection The PTs were required to teach a lesson during
the second methods course as part of their fieldwork and were askeiteta reflection
paper about their experience. The reflection paper was divided into three sections. In the
first section, the PTs were asked to provide a description of what went well and what did
not go well in the lesson. In the second section eféflection paper, the PTs were

asked to select written student artifacts from the lesson and analyze the artifacts for
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student understanding in terms of scientific practices and content. In the third section of
the paper, the PTs were asked to refledherrevisions they would make to this lesson.
In this study we analyzed the first two sections of the reflection paper.

Lesson set reflection | and 1l During the third methods course, the PTs were
asked to develop and implement two inqtbsed lessosets during their student
teaching practicum. Lesson set | was completed early in the semester (woeidsilké
lesson set Il was completed towards the end (weelHL0The lessons had to focus on
modetbased inquiry instruction. After implementing tlessons, the PTs were asked to
provide a description of the lesson as well as to select written student artifacts from the
lesson to analyze for student understanding in regard to scientific practices and content.

Reflective journals. The PTs were requideto maintain a reflective journal
throughout the two courses and to provide entries of abou8@30vords weekly. There
were two types of journal entries: (a) answers to prompted questions that we asked
several times during the course (i.e. what ardeghgires of a scientific argument) and (b)
per sonalstaynlde 06 frreefel ecti ons on that weeko6s c

2.3.3Data Analysis

We initially blinded all data sources in terms of PT and reflection paper. Using a
constant comparative method (Glaser, 1964), we tte@ugh the sections of the
reflection papers in which the PTs were asked to describe the previously implemented
lesson. We noted any emergent frames the PTs expressed. A frame nes aefihe
interpretative len®Ts expressed while reflecting on less. For example, a focus on
student participation or students staying on task would be categorize@rgagement

frame. We identified six distinct frames, which we describe in the results section.



27

We then urblinded the data to explore trajectorié<hbange in frames the PTs
employed over the course of the teacher education program. In addition, we wanted to
examine whether the content of the different frames changed throughout the course of the
teacher education program. We constructed tables ¢brfemme according to the
reflection papers (i.e., three tables for each frame) and coded the content of the
statements the PTs wrote about. For example, many PTs wrote about student participation
when employing aengagemerframe for all three reflectiopapers. We coded the
aspects of participation the PTs wrote about such as working collaboratively, quietness of
students, and attentiveness of students in the teaching experiment paper and how students
asking questions turned the lesson into a heatededgblesson set Il reflection papers.

We reported the observed differences in the results section.

After coding for trajectories of change in the types of frames the PTs employed,
we observed that some PTs progressed towards employing frames that weere mor
attentive to student ideas while others did not. Out of the sixteen PTs, we noticed that
three of the PTs did not hand in onelwdir reflection papersrhereforewe selected the
remaining thirtee®Ts for a more in depth analysis of shifts in the gaitihey
employed seven of these PTs continually progressed towards framing instruction in
ways that were more attengivo student thinkingpur PTs selected did not progress (i.e.,
they either regressed continuously or used the same frame) in the fin@ynesnployed
and two PTs regressed and progressed in the frames they emplyden analyzed
the section of theeflection papers in which they were asked to analyze student
understanding in written student artifacts that they had collected. Wenierested in

exploring whether those who employed frames that were more attentive to student
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thinking were more capable at identifying what students understood in the lesson. We
read through that section of the reflection paper and using a constantatwvepaethod
(Glaser, 1964hoted any observed differences.

We triangulated the data by reading through journal entries that were written at
the time of the implemented lessons (i.e., same time point as the reflection papers) to
determine whether PTs ergssed similar frames in the journals as were expressed in the
reflection papers. We chose to use journal entries as a way to triangulate our data since
writing in journals can be considered another type of reflective practice. We established
inter-coder eliability by having two independent coders code the reflection papers
(reliability ranged between 9%7%); any disagreements were resolved and codes were
adjusted to reflect the consensus.

2.4Results

24.1ToWhatExtentDo P Ts & Fr ami n gRefte€tions Prigilege Lesson
Attention to Student Thinking

We identified six emergent frames described in t2dleWe found that the
framings of the reflections by the PTs attended to student understanding and student ideas
to varying degrees. Table 2.1 presethe frames from the least to most attentive to
student understanding. For example, PTs who employeshtisgemenrftame focused
on the studentsod interest and participatio
thinking. On the other hand, frasieuch ascientific practicesstudentsaandbuilding
ideasattended to student understanding in either scientific inquiry practices or scientific
content. These results are encouraging because they illustrate that some PTs are able to

attend to student ithking and that attention to thinking is a salient aspect of teaching for
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them. However, some PTs tended to frame their reflections in ways that did not take into
account for student ideas, sucheasivity sequencame. In general, we found that PTs

tended to express one frame or at most two, specifically in the teaching experiment paper.

It also seemed that the PTs tended to employ the same frame regardless of the assignment

(i.e., reflection paper versus journal prompts that were written aroundniiectisae as

the reflection papers).

Table 2.1:Descriptions of emergent frames observed

Frame Description of the Frame | Example from Reflection Paper
Activity Characterized byafocusqiThe students w
Sequence | providing a narrative or person they were sitting next to ar
description of the lesson | talked about what they think
with minimal to no happened in the story. After a littlg
reflection bit of time, volunteers read aloud
their answers. o
Il)
Scientific Characterized byafocus¢il handed each
Practices | the teachers actions as the worksheets. Being as modeling is
Teacher related to scientific not something my students are
practices, such as modelin familiar with, | felt it wasnecessary
argumentation, etc. to help get them started so | wrote
down the first two steps in the
sequence of a fever with arrows o
the board. o (Ja
Engagemen| Characterized by afocus¢ i T h e s ttwent well, poghr
student interest, periods were quiet, listening, and
participation, and staying | for the most part seemed
on task. i nterested. 0 (M
Experiment Paper)
Accuracy | Characterizedbyafocus¢Ai The students d
obtaining the right answer, form of knowledge of the content
Teacher interprets student| but did not go into much detail at
understanding in a binary | all. A few students came up with tl
way, eitheras correct or idea that antibodies were in the
incorrect. body. o (Bani, L
Scientific Characterized byafocus¢iNone of the st
Practices student s 6 a c|forgenerating evidence for claims
Studers implementing scientific like viruses have various
inquiry practices suchas | p r ot eheyteeéstudents] failed
to connect (link) data to evidence




and building upon it.
Teacher i
current level of
understanding and
describes possible
connections to other
content or suggests materi
to facilitate desired

nt e

connections.

modeling and evidenee when making i nd
based argumentation. (Patrick, Lesson Set I)
Building Characterized byafocus¢i By eval uating
Ideas taking st ude|wasableto provide material to he

them [the students] more fully
understand the implications ofein
solutions on the system as a whol
by providing examples of previous
attempts and solutions or addition
data about the factors they

i nvolved. 0 (Rac
Experiment Paper

2.4.2How Do the Frames Expressed by PTs Change over the Course of @ather

Education Program

30

Initially the PTs tended to focus on the interest and participation of the students

and there was a small shift towards focusing on student thinking (table 2.2). Additionally,

in examining howndividual PTs shifted throughout tlveurse 6the teacher education

Table 2.2:Frames observed according to reflection papers

Frame Teaching Lesson Set | Lesson Set I
Experiment Paper

Activity 0 3 3

Sequence

Scientific 1 3 0

Practices

Teacher

Engagement 13 3 3

Accuracy 2 3 0

Scientfic 1 3 6

Practices

Students

Building Ideas 1 1 3

programwe noticed that many of the PTs used different frames than they had employed

in their first reflection paper with some PTs using frames that were more attentive to
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student ideas. For examptiiringMethodslISean wr ot e, ARnThe | esson
The students were engaged and the transitions between activities really caught their
attention. 0 S8ngagemerrame highliglistiegdhe alertness and time on
task of his students. Coersely, duringMethods Il Seands f oscientsfic s hi ft ec
practicesstudenf r ame hi ghlighting studentsd engage
best part of the lesson was when the students were working with their models. They were
abletoconstuct | ogi cal representations of the m
Similarly, Jackie in her teaching exper
were very willing to participate in a respectful manner, raising their hands before
speaking or callingouttve n t her e were no other hands r a
expressed aengagemert r ame because her focus was on t
the lesson. However, duriddethods Ill,LJ ac ki e 6 s f obeildisg idedadiarhet e d t o
hi ghl i ght elabgratientand aa@mecttisné amongst topics:
Al made a concept map on the board but
students as | would not write anything on the board until they discussed the ideas
and concluded it was important to include. Thelshts were able to take their
initial ideas and elaborate and build upon them until they fully expressed their
understanding. 0
Further, we observed this shift in both the reflection paper and reflective journal prompts.
Table 2.3 below lists the frames ployed by each PT for the three reflection papers. The
table is color coded with the frames that were most attentive to student ideas in green, the
frames that had minimal attention to student ideas in yellow, and the frames that were not

attentive to stuent thinking in red.
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Table 2.3:Frames expressed by PTs throughout the teacher education program

Teaching Lesson Set | Lesson Set |l
Experiment Paper
Christine Engagement Activity Sequence | Engagement
Patrick MISSING DATA Scientific Practices | Engagement
Studens
Jackie Engagement Scientific Practices | Building Ideas
Teacher
Nina Engagement Engagement Activity Sequence
Jack Engagement Accuracy Building Ideas
Catherine Engagement Engagement Activity Sequence
Sean Engagement Accuracy Scientific Pratices
Students
Nora Engagement Scientific Practices | Activity Sequence
Teacher
Molly Engagement Scientific Practices | Scientific Practices
Students Students
Nadia EngagemernScientific | Activity Sequence | Building Ideas
Practices Students
Ava Engagemst/Scientific | Scientific Practices | Scientific Practices
Practices Teacher Students Students
Bani Engagement/Accurac| Accuracy Scientific Practices
Students
Jake Engagement/Accurac| Scientific Practices | Scientific Practices
Teacher Students
Clare Engagement Engagement Scientific Practices
Students
Rachel Building Ideas Building Ideas MISSING DATA
Anna MISSING DATA Activity Sequence | Engagement
We assigned a fAimissing datao code i f PTs |

In addition to how the framesmployed changed throughout the course of the
teacher education program, we also wanted to explore whether the content of the different
frames changed. We found that PTs began to be more elaborate and detailed in their
descripti ons o ftairsfrared, spedifisaligciantdicpaasticesstudents r
andbuilding ideaslnitially many of the PTs, who employed these frames, commented
that the students had a difficult time explaining their models. They made statements like
their models. o0 H

Athe studehasndod post eky
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PTs became more nuanced and explicit abmitvays in whiclthe students had
difficulty using datastating it he studentsd6 content knowl e
understand the dataahdow t hey support their model so ar
data from the experiments and activities we performed in class and were able to

i ncorporate this data to provide evidence
began to see how difernt aspects of their studentso | e
modeling skills. Overall, this shift was observed by all the PTs who empsmyexwtific

practices studentsandbuilding ideadrames inMethods llI.

In addition, we found that there was afsim the frequency with which PTs used
studentsd6 responses in the form of quotes
comparing the teaching experiment paper and the lesson sets even though the reflection
instructionprompts were identical. Initiallyyone of the PTs cited student responses in
their reflection papers written fdethods Il,while the majority of PTs used statements
from students in their Lesson Set Il reflection papers (table 2.4). It seemed that as the PTs
gained more experience in tblassroom through their student teaching practicum, they
became more aware of what students were sa

responses as evidence jostifying their reflections.

Table 2.4:Number of PTs who cited student responses in te@&ation papers

Teaching Lesson Set | Lesson Set Il
Experiment
Paper

Number of PTs Who 0 13 14

Used Student
Responses
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Although we did not observe a significant shift in the frames the PTs employed
throughout the teacher education program, we wantegdpglore in more depth the
reflections written by the PTs who progressed towards framing instruction in ways that
were more attentive to student thinking such as Sean, Ava, and Molly (to name a few).
We found that in the earlier reflection papers, theeerwe fseeds o of fr ames
more attentive to student ideas such adbthleling ideadrame For example, in the
teaching experiment paper, Seands main foc
lesson éngagemerframe) but there were severaltsta ment s about fAbringi
ideaso, which are aspects of frames that a
building ideasandscientific practicesstudentsf r a me s . Similarly, Ava
in the teaching experiment paper was wiith students being on task during the activity
(engagemerit r ame) but Ava made a few comments ab
topics as an effective instr buldingideaa!| str at
frame. Although Ava, Sean, and other BTsf ocused mostly on stude
interest in earlier reflection papeengagemertame), it seemed that in order to
progress toward frames that were more attentive to student ideas there has to be an initial
Aseedo that bectwithexeriemoer e pr omi nen

Lastly we analyzed the section of the reflection papers in which the PTs were
asked to analyze student understanding in the lesson. We wanted to examine whether the
PTs who employed frames that were more attentive to student thinkefgasisean,
Ava, and Molly (to name a few) were more attentive to student understanding in their
analyses as compared to PTs who employed frames that were minimally attentive to

student thinking such as Catherine, Nina, Nora, and Christine. In genefayvadethat
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PTs who progressed in how they framed instruction were more capable at identifying

what students did not understand, comment i
suggesting what topics should be stressed to learn the material. We also obsethed tha

PTs were better at examining student understanding as the frames they employed were
more focused on student thinking.

For example, in his teaching experiment paper, Sean, who throughout the teacher
education program shifted towards employing frathes were more attentive to student
thinking, commented on what the students w
student verbally told me that onion cells do not have chloroplasts and elodea cells do, but
many of their diagrams of onioncelsc | uded chl oropl asts so | d
di sconnect is.0 In this example, Sean does
about it; however, his critical analysis highlights an important mismatch between what
the students are saying and wtiey are writing. It seemed that the PTs who progressed
did not necessarily have a better understanding of what do with student ideas, but they
were better at critically examining student thinking. Conversely, Catherine, who shifted
towards employing fraes that were less attentive to student thinking, commented in the
teaching experiment paper, Al think the st
makes up a vertebratedo with no further el a
Catherine employeanengagemerirame when reflecting on their lessons but there is a
significant difference in how they interpreted student thinking with Sean being much
more specific about what the studentseveot understanding and providiagidence to

support his @dim.
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In the final reflection paper, lesson set Il, Sean, who emplogeceatific
practicesstudentd r ame, commented on studentsdo dr awi
stated:
AThe models [that students dr ewlired mpl vy
species are additional species (ancestors to humans), but the students do not label
as such and do not explain them in their description. This shows that these
students are missing a concept and are
understandingwith hese fidots and | ineso.
Here, Sean interpreted student wunderstandi
models, which he believed indicated a missing connections across scientific ideas, in this
case the evolution of species from commonancesto I n Cat herineds fir
paper (she employed awctivity sequencer ame ) , she stated, dAlnit,]
students thought that bones are alive. They justified their opinion with correct ideas about
the characteristics of living things. Cat her i ne further el aborat
student response from the | esson stating:
[bones] are (alive) because when the body grows the bones grow too. All living things
t hat have boners, galotwh owughHoGweetvheri neds analy
was more evidence based (i.e., provided a response from a student) than in her initial
reflection paper, she was still not as attentive to student understanding in regards to the
st ude nt keaning proeassa Whereas, Sean was much more analytical in his
reflection by providing suggestions for wh

suggested about their overall learning. In general, it seemed that the PTs who progressed
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in using frames thatere more attentive to student thinking were more analytical in their
examination of student understanding.
2.5 Discussion

This study examineffaming,a precursor to noticing. We chose to examine a
precursor to noticing, such &kmming,because it occued after the lesson was taught;
thereby eliminating the cognitive load of a real classroom environment. In this
investigation, we were interested in exploring the frames PTs used when reflecting on
previously implemented lessons. Overall, we characteszedovel frames that PTs
employed. These frames accounted for student thinking and student ideas to varying
degrees with thactivity sequenctame simply being a narrative of the lesson with no
attention to s engagemetiranz beigdleoatshe iaterabt anhdh e
participation of the students in the lesson. Davis et al. (2006) argued that when PTs attend
to |l earners their reflection centers on st
learning content, which we also observed here.

Convesely, thescientific practicesstudentsandbuilding ideasrames had a
stronger focus on student thinking by looking at the students actions in an inquiry based
lesson as well as looking at the connections between topics and lessons. Although we did
not observe any significant shifts in the frames the PTs employed throughout the course
of the teacher education program, we did observe a slight change towards use of frames
that were more attentive to student thinking such asdieatific practicesstudent frame
and thebuilding ideadrame. It seemed that as the PTs gained more experience working
with students in a classroom (via student teaching internships in Methods Ill), they began

to shift their focus from noting whether students were being ortdaascoming more
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aware of student discourse and how their ideas related to core concepts. Thus, it seemed
that more classroom experience tended to support a shift from a focus on themselves to a
focus on studentsod6 thinking (Berliner et
Overall most PTs employed one frame when reflecting on their lessons; however,
we did observe that in the first reflection paper, the teaching experiment paper, four of
the PTs, employed two frames. This was interesting because the teaching experiment
p a p e strcsions were slightly different than the other reflection papers in that we
specifically asked the PTs to describe what went well in the lesson and what did not go
well in the lesson while in the other reflection papers we asked them to provide dh overa
description of the lesson. We noticed that for these four PTs they used different frames
when reflecting on the positive versus negative aspects of the lessons. When reflecting on
the positive aspects of the lesson, all four of the PTs employedgagementrame, but
two out of the four PTs varied in the frames they employed when reflecting on the
negative aspect of the lesson.
These results suggested that the nature of how the assignment instructions were
written could potentially impact how the Pifame the situation. Boud and Walker
(1998) argued that framing situations includes assumptions and provides a language for
describing and analyzing what we do. It seems that in this investigation, the PTs framed
the situation with the assumption that sslen was going well if the students were
participating; hence, all the PTs employeceagagemerirame. However, when asked
to comment on the negative aspects of the lesson, the PTs framed the situation
differently; thus, using different assumptions agmaskes of analysis. Therefore, when

asked to reflect on the good aspects of the lessons, they framed the lesson in one way and
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subsequently framed the lesson in another way when asked to describe the negative
aspect of the lesson.

Another aspect of our reésiwe found interesting were the differences between
the PTs who progressed toward using frames that were more attentive to student thinking
and those who did not progress. 't seemed
slight focus but not theain focus of the reflection paper) of other frames that were more
attentive to student ideas in their initial reflection paper and as they engaged in more
reflective practices those fiseedsod began t
reflect on tle lesson. This shift in frames could be linked to a continuum of reflectivity
from a commonsense thinker (PT focuses on themselves) to a pedagogical thinker (PTs
attention shifted from themselves to their students) (Laboskey, 1991). It seemed that in
orderfor PTs to shift to pedagogical thinking and frame reflections in ways that are more
attentive to student ideas they must have
progress stayed as commonsense thinker or used frames that were more attentive to
themselves.

Further, we also observed that the PTs who did progress in the frames they
employed were more capable at analyzing student understanding in written student
artifacts. They were more interpretive in what the students did not understand and they
conmented on the studentsd prior knowledge
learning process. It seemed that these PTs shifted from description to interpretation in
reflection (Rodgers, 2002). Hence, they applied a more analytical or interpeetve
when examining student artifacts rather than simply describing what the students did or

did not understand. Based on our results, we conjecture that framing in ways that
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privilege student ideas may be a productive precursor to attending to studkimigtim
real time; thus, if the PTs were able to frame instruction in a way that privileged student
thinking than they would be more capable at developing the skills of noticing in a real
time environment. However, we suggest further research shoulcdhtieated to examine
the relationship betwedramingand noticing.
2.6 Implications and Limitations

We observed a slight shift towards employing frames that were more attentive to
student thinking as the teacher education program progrdsseds encourging
because it suggested that engagement in reflective prastcdsa journal writing and
reflectionon previously implemented lessonsay shift the PTs focus to students
understandingengaging in thespractices could promote critical analyseslskit which
the PTs begin to reflect on their lessons in a more analytical way by examining how
classroom interactions impact student learnirigereby, we suggest that teacher
educators should engage PTs in various reflective practices throughout e e
program. Providing the PTs with these opportunities may encourage them to employ
frames that attend to student thinking and thus PTs will be more capable of analyzing
student understanding in written student artifacts, an essential skill theyeedl in their
future teaching careeAdditionally, our findings suggested a methodological
implication. In the past the notion of framing has been studied using videotape analyses
but our results indicated that framing can be examined through anafysgten work,
such as reflective practices.

We would also like to discuss some of the limitations of this study. The scope of

our investigation was to look at one cohort of teachers, thus our sample size was
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relatively small; thereby, impacting the nuenland types of frames that we were able to
observe and characterize. We feel that a larger sample size may lend itself to further
frames that we did not observe in this study. In addition, it seemed that how we phrased
the instructions of assignments twhave affected what PTs attended to and

consequently the frame that they employed. However, in this investigation we have no
evidence either way to support or refute this idea; thus, this could be a potential
limitation. Finally, even though our resuiaggested that PTs began to employ frames

that were more attentive to student thinking in their reflection papers, we did not monitor
the PTs in their first year of igervice teaching; hence, we have no evidence as to

whether they were more attentive tadent ideas in the classroom.
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Abstract

Assessing student understanding is a key component of responsive instruction. In
the context of teachexducation, engaging preservice teachers in the analysis of written
work could enhance teachersod attentiveness
monitor student progress in more nuanced ways (Kazemi & Franke, 2004). In this study
we examined howrpservice teachers assessed student understanding in their analysis of
written student artifacts. Our findings suggest that as the program progressed teachers
shifted from evaluating a single artifact in simple and-dimensional ways to
sophisticated imrpretations of student thinking based on artifacts evaluated along multiple
dimensionsin addition, we observed that PTs began to use their interpretations of student

understanding to guide their next instructional strategies in the classroom.



44

3.1lIntroduction

The importance of having teachers listen to and assess student ideas is central to
reform oriented instruction (Crespo, 2000). Professional standards across domains (i.e.,
National Research Council [NRC], 2011; National Council of TeacimeMathematics
[NCTM], 1991) highlight the analysis of student thinking as one of the core tasks of
teaching. Knowl edge of studentsd conceptio
content knowledge (PCK) (Shulman, 1997; Grossman, 1990). Spvefedsional
development program@momoted attention to student ideas by having teachers analyze
student written workJacobs et al, 2010; Kazemi & Franke, 2004). Research has shown
t hat when teachers analyzed thdedr students
knowl edge of their own studentsd mat hemat.
stance about the role of the teacher, name
childrendés thinking; (b) teachteinkisgjamh ke pub
(c) teachers recognize studentds mat hemat. i

Given the importance of attending to and interpreting student thinking,
assessment of student understanding has gained emphasis in teacher educatios program
(Windschitl, Thompson, & Braaten, 2009).
capacity to interpret and evaluate student ideas is through the analysis of student written
work. In contrast to the messiness and overwhelming nature of attending tu &leds
as manifested in classroom discourse, written artifacts afford a stable and permanent
record of student thinking that can be analyzed and reflected upon. Many researchers
(i.e., Ball & Cohen, 1999; Little, 2002) advocate using analysis of stud@ktto

promote professional growth because it cou



45

one of general pedagogy to one that is specific to their students (Kazmi & Franke, 2004).
However, there is relatively little research on how preservice tea{fA€) assess student
thinking in written student artifacts. Much of the existing research in this vein explores
how PTs think about, design, and use assessments (i.e., summative versus formative
assessment). For example, Campbell & Evans (2000) analyeedhree hundred lesson
plans from PTs in their student teaching practicum. They found that the majority of the
PTs did not incorporate appropriate assessment strategies to address the instructional
goals of the lesson. While we know that PTs attemphpement assessments, we still
do not know how PTs make sense of student thinking as evidenced in these assessments
and how they use this information to inform instruction. Given the gap in the research
we chose to focus our study on the ways in whi€th &tend to student understanding in
written student artifacts as well as how they interpret what they attended to in the context
of a 2year K-12 life science certification program.
3.2 Theoretical Framework

Professional vision is the ability of expettsinterpret events in their given
domain (Goodwi n, 1994). A teachersd profes
attending to and evaluating student understanding. van Es and Sherin (2002) developed
the fAinoticingo fr ame wssionklvision. Tltisafrantewarkeés t eac h e
comprised of three professional skills: (a) identifying what is important, (b) making
connections between the specifics of classroom interactions, and (c) using what one
knows about the context to reason about the classsitoation. However, developing
the skills of noticing can be difficult since they occur during instruction (Sherin et al.,

2008). Because of the ongoing nature of instruction, it is not realistic to expect that one
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could Apauseod i naskataacheriwbathe orshe ésatterzding td af the
moment, and then continue uninterrupted. T
challenges for teacher educators. These obstacles include the cognitive load involved in
attending to the dynamic otext of real classroom interactions along with the logistics
involved in attaining videos dRTsWthisd i nstr
analysis of student work in order to develop aspects of noticing in a less dynamic and
cognitively demandingantext.

Engaging irservice teachers in the task of analyzing student work has been
widely documented with much success (i.e., Borko, et al, 2008; Cobb, Dean, & Zhao,
2006; Lewis, Perry, & Murata, 2006). Little et al. (2003) investigated various
professbnal development programs in which teachers analyzed student written work. The
authors found that teachers became more aware of the students and their learning needs
after they engaged in analyzing student artifacts. Similarly, others such as Ball & Cohen
(1999) found that written student artifacts supported closer examination of student
thinking, learning, and instructional strategies. However, the existing research on PTs
engagement in the analysis of student written shows that PTs and novice teaohers wer
|l ess inclined to attend to childrends stra
however, regardless of the level of expertise, teachers had difficulty deciding how to
respond in follow up lessons (Jacobs et. al., 2010). It seems that anatydieg svritten
artifacts is beneficial but PTs still struggle with taking student ideas into account in their
analyses. To complicate matters, in a science classroom, assessing student ideas is not

just about scientific content.
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In science education, asseg) student ideas relates to two aspects of student
thinking- understandings about content and understandings about practice. This focus on
science content and practice, and their integration, has taken center stage in standards
documents and policy regersuch as Bramework for K12 science education:

Practices, crosscutting concepts, and core id®RC, 2011) as well as thdext

Generation Science Standar@ne of the core practices emphasized in this framework is
scientific modeling. Modeling is agssential practice in science since it aids in the
development of scientific understanding (Longino, 2002; Giere, 2004). Thus, researchers
have advocated that students should engage in modeling practice in the science classroom
(Lehrer & Schauble, 2006; @sslight, Unger, Jay, & Smith, 1991; Snir, Smith, &

Grosslight, 1988). Towards this end metlaked inquiry instruction involves students
developing models in various forms including text, diagrams, and formulas (to name a

few) to explain certain scienttfiphenomenon, as well as experimenting and revising

these models based on data and evidence. Therefore, modeling in classrooms helps make
studentsod6 thinking visible and can provide
understanding of both content andgtiee Grosslight et al., 1991; NRC, 2011).

Modeling is one of many ways that PTs ¢
However, regardless of the method chosen to elicit student ideas, research by Davis et al.
(2006) concluded that PTs do not have vergale | deas about how to a
ideas once they have surfaced them in class discussions. Further, prior research in teacher
education has shown that PTs generally hol
student 6s knowl e dtgnglicatibns an hhe typessof assesggmeints they a n

implement and the ways they interpret student responses (Otero, 2006). Fewer studies
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have examined PTs use of student artifacts, but have shown that when PTs analyzed
student work, in the context of modelsea inquiry, they began to teach in more reform
oriented ways during student teaching and their first year of teaching (Windschitl,
Thompson, & Braaten, 2009). Specifically, the authors found that the PTs focused on
student s6 use oficexplanaiens Gieen theassceeds obanalyenyt i f
student written work with#ws er vi ce teachers as well as it s
strategies, we wanted to investigate whether and how analyzing student written work
contributed to assessing studet#as in a teacher education program that focused on
modetbased inquiry instruction. Towards this end, we analyzed reflection papers in
which PTs were required to assess student ideas in written artifacts that they collected as
part of a lesson they taugM/e were interested in uncovering what PTs attended to in
regard to student thinking and how they interpreted student understanding. Specifically
our research questions are:

1. In what ways do PTs interpret student ideas in written student artifacts?

2. What ae the various levels of sophistication at which PTs interpret student ideas?

3. How do the PTs selections of student artifacts determine what and how they analyze

student understanding?

3.3 Methods
3.3.1Study Context
We will be using data sources from aject that wagarried ouin the context of
a twoyear Ed.M. certification program for secondary biology teachers at a large public

university n the North East. There were sixtde€hs enrolled in the program. Four of the
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PTs were males and twelve weeenfales.Fifteen of the PTs were Caucasian while one
was of Asian descentable 3.1 shows the undergraduate majors of the PTs enrolled in
the program.

Table 3.1:Majors of PTs in ppgram

Major Number of PTs

Biology 9
Animal Science 3
Environmental Science 3
Molecular Biology 1

The program included four life science specific methods courses that were taken
in sequence (including a seminar that accompanied student teaching). These methods
courses were geared towards helping PTs develapkimavledge and practices of
inquiry-based teaching. The first courtéethods Ifocused on developing PTs
understanding of the nature of scientific inquiry and the central role of modeling in the
development of scientific knowledg®ethods Ilthe secad course was essentially a
design course in which the PTs worked in groups to design an extended-ragery
unit as well as implemented a short ingthased lessomMethods 11} which
accompanied the teaching internship, focused on the implemerdatiaquiry-based
instruction as well as reflecting on their instructional methods. The nyapdthe PTs
(fifteen out of the sixtegrcompleted their student teaching practicum in suburban high
schools in the North East while one of the PTs completetetherement at an inner city

high school in the North East. Finally, the fourth coukdethods IVengaged teachers in
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action research using data collected during the teaching internship. All courses, especially
the latter two, included an emphasis ardsit thinking, and engaged PTs in analysis of
student work.
3.3.2Data Collection

In this study we analyzed three different data sources: (a) teaching experiment
paper fromMethods I] (b) lesson set | reflection paper frddethods I} and (c) lesson
set Il reflection paper froriMethods I11.

Teaching experiment reflection The PTs were required to teach a lesson during
the second methods course as part of their fieldwork. This lesson had to anctude
scientific practiceof either scientific argmentation or scientific modelind\fter teaching
the lesson, the PTs were asked to write a reflection paper about their experience. This
reflection was divided into three sections. In the first section the PTs were asked to reflect
on the lesson implemertiian. The second part of this reflection focused on analysis of
student work. The PTs were asked to: (a) provide a description of the student generated
artifacts they collected, (b) provide a description of what they could tell about student
understandingf content from the collected artifacts, and (c) provide a description of
what they could tell about studenfthsed under
third, and final section of the paper focused on lesson revision. In this studpows on
the second section of the reflection papecause we wanted to explore the types of
artifacts the PTs analyzed along with how they assessed student understanding based on
their analysis of these artifacts.

Lesson set reflection | and 1l During the thirdmethods course, the PTs were

asked to develop and implement two inqthgsed lesson sets during their student
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teaching practicum. Lesson set | was completed during weéksd the semester while
lesson set Il was completed during weeksl40The lessanhad to focus on aspects of
modetbased inquiry instructigrsuch as scientific modeling or scientific argumentation
After completing the implementation of these lessons, they were required to write
reflection papers for each of them. In these reflestibe PTs were asked to: (a) provide
a description of the lesson, (b) analyze and provide evidence of student learning in regard
to lesson objectives and provide a description student alternative conceptions/ ideas, and
(c) provide a reflection on why cart things occurred in the lesson and describe and
justify how they would adjust their lesson in the future. In this studypaes onthe
section in the paper in which the PTs were asked to analyze and provide evidence of
student learning in regard toetfesson objectives (part b).
3.3.3 Data Analysis

Initially, we blinded all data sources in regard tod?B methods course. Wead
through the specified sections of the reflection papers in their entirety. We first focused
our analysis on the types of studartifacts the PTs chose amalyze Our goal was to
characterize the various types of artifacts PTs analyaedrtifact was an assignment
that the student completed during or after the lesson, which were usually in the form of a
worksheet, quiz, or samific model. Initially, we looked at how the artifacts were
constructedwere the questions posed more rote/recall questions or were they higher
level thinking questions. We then determined what types of artifacts (i.e., worksheets,
student models, etdhe PTs constructed and analyzed as well as explored if there were
any shifts throughout the program. Additionally, we examined if there were changes in

the sophistication of the prompts or questions used in the artifacts that the PTs
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constructedwere thequestions being posed also rote/recall questions or did they change
to be higher level thinking prompts.
We next investigated how PTs interpretstlident understandir(ge., was it
binary st udent s ei ther wunder st and histicated)fray dond
every PT we created two tables for each reflection paper (total of 6 for eath PT)
organize the data he first table corresponded to their assessment of student thinking as
it related to content and the second table correspondedrtasbessment of student
thinking as it related to scientific practic®ge wanted to explore whether certain
artifacts were assessed in regard to both dimensions of student learning (i.e., content
versus practice) or just one.each table, we summarizéte main points of what PTs
were assessing in regard to contargcientific practices. We also noted any
rationalizations the PTs used to substantiate their interpretafisoded rationales as
any pieces of evidence or justifications from the asrtdfahe PTs provided to support
their interpretation of student learning. Tables 3.2 and 3.3 are sample analyses tables of
one of our PTs for Lesson SetVe then analyzed our tables as they related to time. We
wanted to examine what patterns we saw &mhereflection papeFEinally, we compared
our patterns for each reflection paper to see how (if athelPTs assessments and
rationalizations changed throughout the program
Table 3.2:Example analysis table for assessing scientifintent in lesson set |
Preservice| Assessment of Scientific Rationale of Assessment of
Teacher | Content Scientific Content
Christine | Students were able to label the Provided the questions on the quiz
parts of the cell cycle and the | and tallies of how many students g¢
cellular processes occurring in| each question correct
each stage and studemtsre

able to organize the steps of
mitosis (artifact quiz)
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Table 3.3:Example analysis table for assessing scientific practices for lesson set |

Preservice| Assessment of Scientific Rationale of Assessment of

Teacher | Practices Scientific Practices

Christine | Students were unable to Christine placed models into
expand on their explanation i hierarchical categories based on the
their initial models use or lackhereof explanations with

tallies of how many models fell into
each category. Examples of categori
would be no explanations, explanatic
based on prior knowledge, explanatic
incorporating one piece of data, etc.

Trustworthiness. We used varioustrataies to ensureustworthiness of our
analyses, including employimeerchecks to enhance validity of our interpretations of
the data. Walsoprovided thick descriptions of our methods as well as data in the form
of quotes to allow the reader to trasideevaluate the evidentiary basfsourfindings
We established interoder reliability by having two independent coders code the
reflection papers (reliability ranged betwe¥h99%); any disagreements were resolved
and codes were adjusted to reflee tonsensus.

3.4 Results
3.4.1 In What Ways Db PTs Interpret Student Ideas in Written Student Artifacts

We first wanted to examine how PTs assessed student ideas in regard to scientific
content and scientific practices. Our results revealed thats tef scientific content,
the PTs assessed student ideas in three ways: either in the feralbhg information
understanding the main idear, how concepts were connect&ecalling information
referred to assessing students in regard to wheth@tdhey could identify structures,

label diagrams, or define specific scientific vocabul&or. example, in the teaching

~

experiment paper, Catherine commented, i Mo
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characteristics of vertebratdsaving backboneglosed circulatory systems, and having a
higher order nervous system.o0 In this exam
regard to whether they can recall the characteristics of vertebrates.

PTs also seemed to assess student ideas in regameistanding the main idea
of the unit or topicln these cases, the PUiswed student understanding as bawtper
binary- either the student understood the topic or they did not understand thd~tmpic
instance, on a lesson on atomic models Patricktwie ASome students (8
did not understand that electrons were fou
students as either knowing or not knowing this fact about electrons.

On the other hand, PTs assessed student understanding intoegardections
between conceptsvhich referred to students being able to make connections amongst
different topics. For example, Rachel, in lesson set |, discussed how her students were
able to make connections from a previous lesson on global climatgeland apply that

knowledge to the current lesson on populations. She stated:

fAnovelr esponse t ha maylbethe bigh@nsheed was 0
populations moved due to climate ohg e . 0 I n athgpr evi ous ch
class learned about carbon and how risévgls of carbon dioxide in the

atmosphere is contributing to global warming. During the discussion of

this chapteon populationsthe students learned that rising temperatures

are causing problems for organisms today, such as melting polar ice

causinghabitat concerns for polar bears. While this answer was not

strongly connected tothertems | ear ned ilwmasdtibdaydés | esso
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impressed by the ability of this studea take the knowledge from the

previous |

esson and

populationsd it t o todayods

In this example, Rachel assessed the student based on how the student was able to take

information that was previously learned and connect it to the current lesson. Overall, it

seemed that initially many of the PTs assessed student thinkiegard to scientific

content in terms afecalling informationandunderstanding the main idea that

approximately 70% of the reflections focused on these types of assessment. However, as

the teacher education program progressed, the PTs begarr towsres assessing

student s6 i doaredions hetweer aprecepithattover 90% of reflections

focused on this type of assessment in lesson set |l.

We next explored how PTs assessed student understanding in regard to scientific

practicesspecifically scientific modeling and scientific argumentation. Initially, we

found that the PTs tended to focus on superficial aspects of scientific practices, such as

model representations (i.e., labeling, color coding). For example, Bani, in thetgachi

experi ment p a pl@afithe studentsomdenstoad thqw tofimaated label

everything correctlyo.

initially assessed.

Table 3.4 bel

Table 3.4:Components of scientific practicestially assessed

ow

Component of Scientific
Practice

Frequency Assessel

Examples

Explanation in Modelsuse
of evidence of data in the
model

5

ARnThe students
using data from the experimen
while some incorporated the
data collected from the lab
their model explanations, man

did not. o

r

ev
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Justifications in 3
Argumentshow the
evidence supports the clali

=1}

Many student g
easoning in t

]

Model Representations 8
how models were
constructed such as color
coding, labeling

i Sdents differentiated
between the different
components of the atomic
models by using different colot
to represent the protons,
neutrons, and

With time the PTs began to shift their focus toward assessing student

understanding in more sophcsited aspects of practice such as evidence use and the

extent to which students incorporated mechanisms in their models. Further, many of the

PTs assessed multiple aspects of the modeling practice per student model rather than just

one aspectastheyhadp vi ous |l y

done. For exampl e,

in regard to explanatory mechanism (i.e. explanation of how things fungbes

Nor

beyond process), integration of key terminology in the models, as well as the presence or

lack of explanation§.e., data/evidence used in the model). Overall, it seemed that the

PTs began to shift toward analyzing student understanding in regard to scientific content

and practice in a more sophisticated and nuanced way by viewing the interconnectedness

of materal, whether it was multiple components in scientific models or relationships

amongst scientific content.

We next wanted to examine whether the type and structure of the assessment

artifacts (tasks, prompts, etc.) impacted how the PTs assessed studestandaey. Our

analysis revealed that initially the PTs constructed assessment prompts which entailed

superficial knowledge to respond. Often, the artifacts did not require higher order

thinking in order to address the questions or complete the taskexdmple, Jake

initially constructed an artifact that had various diagrams of cells going through cellular

P

C
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division and asked the students to number the diagrams in the correct sequential order.

Similarly, Anna constructed a worksheet asking the studepia¢e important scientific

discoveries in sequential order based on the dates that they had been performed. In both

instances, Jake and Anna were simply asking students to recall information without

assessing whether students understood the importatioe pfocess or events. Given the

low cognitive demand of the prompts PTs used in their assessment artifacts, it is not

surprising that they consequently analyzed student ideas in a less sophisticated manner

given the simplicity of the studentsod resp
However, as the program continued, the PTs construction of artifacts improved,

which could potentially explain the more nuanced ways in which they analyzed student

ideas. It seemed that the PTs began to steer away from the recall type questions and

beganto ask students to explain processes and provide underlying mechanisms, such as

constructing models to explain fihow glucos

Tommy doesndét have to wear a cast any | ong

thoughtprovoking compared to the earlier prompts in that they required multiple pieces

of understanding. For instance, to address how glucose turns into fat, the students have to

understand several concepts and provide biological mechanisms. Thus, the questions or

pronmpts of these artifacts were much more involved, in that they could not be answered

in terms of simple rote information. The construction of these artifacts could have

afforded more sophisticated analyses, and may explain why the PTs began to be more

sophigicated and nuanced in their assessment of student ideas.

3.4.2What are the Various L evek of Sphistication in which PTs Interpret Student

|deas
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There is a current growing emphasis on eviddrased decision making in
instruction. Many states nationtd are advocating for teachers to provide evidence of
student learning; therefore, we chose to explore in what ways PTs justified student
learning gains. In every reflection paper, we asked the PTs to analyze student
understanding in regard to scientifientent and scientific practices and to provide
evidence from the artifacts in their analyses. Thus)ewe focused othe rationales
(justification and evidence) the PTs provided in their interpretation of student thinking.
Rationales were any piecesenfidence from the artifacts the PTs provided in order to
justify theirassessment of student learnihgthe teaching experiment reflection, there
were very few, if anyjustifications of what students learniectheir reflectionsPTs
would simplymakea | ai m about their studentsd under:
evidence oproviding anexplanation of how they arrived at this claim. Some PTs, like
Eric and Nora, interpretistudent ideas and then dtene student response as an
example. While,theywer usi ng student s iluseateppomts es as e
they did not provide evidence regarding the prevalenparmicular conceptions were in
their assessment dataseemed that certain PTs used evidence to support their claim
about student uraitstanding but they did not use this evidence to elaborate how the
student sd r espons e $urtheg in the imiticl reflection paperamly ng g a
three out of the sixteen PTs provided quotes from studeoi® of the other PTs
providedanysort ofevidence ojustification.

There was some improvement in the second reflection paper, lesson set I. All of
the PTs justified their assessment of student understarttirtgen out of the sixteen

provided student responses in the form of staténeen f r om t he student so
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collected. These were used as evidensipporttheir claim (an illustrative example or

existence proof). However, three of the R@slitionallyprovided a data table showing

frequencies of response types. Foaraple, Sean made a list of the objectives for the

|l esson and based on his analysis of the st
of the students achieved that goal and how many did not. Sean viewed student

understanding as binary but he suppohisdclaims aboustudent learning with evidence.
Jackie and Jakeds analyses were even mor e
students6 responses at different | evels of
assessment of reéshietheaovetdeannthgpmocessbapkiogbds anal y.
(Table 3.5) focused on the varying degrees of student understanding as it related to the
differing mechanisms inthe modelshi s shows a shift from a bi
dondét 0 t o danddeveleomentalaonicceemental, view of learning.

Table35Ex ampl e of Jacki endesstaadm@@| ysi s of studen

Explanation of Category Total
Cell cycle only, including tumor formed from many cells. 1
Mutation/Mistakes in DNA and ceflividing representation. No 3
mention of any mechanism in the cell cycle.

Mutation/Mistakes in DNA and proteins with no mechanism. 3
Mitosis/cell division represented and cancer is shown as many ce
Mutation/Mistakes in DNA and proteins. These abnditiea in 2
proteins allow the cell growth to occur faster but no specific
mechanism given.

An imbalance in proteins at checkpoints lead to cell dividing. No | 1
mistakes in DNA or proteins.

Lesson set Il, the final reflection paper had the same insinscéis the previous
reflections papers. However, we observediagni f i cant | mprovement i

justifications of their claims regarding student understanding and learning. Most (thirteen
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out of the sixteen) PTs created charts in which there eistiect multiplelevels of
understanding of conté knowledge (similar to table 3.5However, several of the PTs
went a step further. For exampl e, Nora com
how a bone heals) using a nuanced scheme of levels ofstanti#ing. Through this
comparison she was able to justify claims about learning gains. Similarly, Nadia
constructed tables to show studentsd under
these tables, Nadia was then able to pinpoint what she sloaulsl dn in her instruction
for the next class. Overalluofindings revealed that PTs provided more sophisticated
justifications for student learning as the teacher education program progressed.
3.4.3How do the PTs Selections of Student Artifacts Determe What and How they
Analyze Student Understanding
In the last part of our analysis, we wanted to investigate what types of artifacts the
PTs chose to analyze and if there were any changes in the atlitacthose. As shown
in table 3.6 we found thaas the program progressed 94% of the PTs shifted from
analyzing rote/recall prompts in worksheets on various biological topics like the cell
cycle or food chains (to name a fetoyvards analyzing student models (both initial
models which were drawn befailge lesson was taught and final models which were
drawn after the lesson).

Table3.66 P Ts 6 aelettionfhughout she gram

Teaching Experiment | Lesson Set |l
Paper

Artifact Number of PTs Number of PTs

Rote/Recall Prompts in 9 0

Worksheets

Lab Write Ups 0 1

Class Discussion Responses| 3 0

Written on Board

Group Models 1 0
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Initial Models 0

olw

Initial & Final Student Models 15

Along with a change in what they analyzed, PTs also seemed toniecason
assessing development as opposed to final achievement. Thus, they tended to compare
pre-post measures, often student drawn models that were completed before and after
instruction. Further, manfthirteen out of sixteer)f the PTs used their analy®f the
initial models to guide their instructional strategy. For example, in the final reflection
paper, Anna analyzed the initial student models on hemophilia, a genetic disorder. In her
initial analysis she c¢ommennitserdjackiih€reoEér e was
with hemophilia, or even with gethes or DNA
studentmodels Anna commented fABased on the analy
designed a worksheet to help the students with the three main thairntisey are missing
in their model s. 0 S ytewhat benworksheet entailedchieds c r i b e
planned to have the students complete the worksheet during the I8éswrcompletion
of this worksheet, the students drew their final models.a&Ahan analyzed the final
models and commented on the student growth in understanding stating:
Aln their revised model s, many of the s
with little dots on the DNA for the normal parent, and a double helix
shape missing theots for the child with hemophilia. They were able to
discuss what clotting factofproteins]were missing due to the difference
in the DNA.O
Il n this exampl dighlightgrondhGnsstudemt omoeestatndmg. Initially,

she identified that thetudents were unable to see the relationshipe relevant



62

biological mechanism (clotting factors in this cas®wever, their final models clearly
connected these ideand provided more complete mechanistic accounts

Similarly, Clare analyzed herstte nt s 6 1 ni ti al model s on a
respiration, specifically the role of oxygen in the body. Based on her analysis of the
initial models, she wrote:

fiThe two main themes sefn the modelsjvere oxygen is used to push

blood through the body droxygen is used to release energy from food.

Although as seefin the models}hese ideasccur frequentlybutthey

[the studentsfio not relate to oxygen, food, and energy in the ipdy.
Clare concluded that the students were not making the connedivegebeaspects such
as food, oxygen, and energy. She decided that the students needed more evidence to
make this connection so she had her students design experiments with the hope that the
data they collected would allow them to see the interconnectediniéese three
components. Clare then had her students write a paragraph on how the results from the
experiment could infl uence Aftehreadingthronght i al m
them[the paragraphd]could see that many were on their way butenevidence needed
to be given to solidify that oxygen is helping to release energy from ounfood.

From here, Clare then had her students engage in three other activities that she
designed with the hope that the data they collected could be used asvideree in
their revised models. After heBoubohZX|l ysi s o
students thought that oxygen is being use@l®ase energy from our food, which is what
| had wanted them to gr aspadyassessingthe hi s exam

students for understanding and based on her assessment she designed her instructional
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activities accordinglyAn n a a n dpp@aclaaf anélyzing initial models and
designing curriculum material to build on these models was commosénad in the
final reflection paperApproximately 80% of PTs adjusted their lessons based on analysis
of the initial models.
Another change we observed was that initially the PTs viewed student models to
be informativeabout student understandingssaentific practices but natecessarily
their understanding of theontent. In the teaching experimeetiection in which we
asked the PTs to comment on student understanding as it related to scientific content and
scientific practicemany of the PTs wad only discuss content as it relateddte/recall
prompts orworksheet®r lab writeups and they would only comment on scientific
practices in regards to models. Further, many of the PTs who did not analyze models did
not provide a thorough analysiwhat the students learned about scientific practices.
For example, Nina analyzed worksheets on the structure of DNA in her teaching
experiment paper. When commenting on content she provided clear descriptions and
provided evidence from the worksheewdfat her students did or did not understand.
However, whememarkingopnt he st udent sdé knowl edmted of sci
fiThe students did not want to answer anything further then they had to. Explanations of
why they choose one option over amatwas somethg they avoided at all costs. | n
Ni nabs case, she did not provide any evide
claim about the studentsd undetheanalgsesbf ng of
the PTs who did not aly@e models lacked evidenbased justifications for their claims

about studentsd understanding in regard to
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The PTs who did analyze models in the teaching experiment paper also tended to
analyze another artifact. For example, Bamsehto analyze a workshe®t bacteriaand
the studentso initial model s. I n her analy
content Bani stated, AfBased on the anal ysi
bacteria are everywhere becausewtli O students said that after touching everything you
touch your face or cell phone therefore th
her analysis of student understanding as it related eatdat practices Bani remarked:
Al n t he aldlsuhdleohthestadents understood that labels are

important when modeling; however, they [the students] did understand to

justify their claims. None of the students just gave me one word answers

they justified why they believed what t
Bani viewed the worksheetsa means to assess content while the models were a
means to assess scientific practicdse did not attempt to analyze content
understandings based on the models

As the teacher education program progressed, many of the §ars toesee the
multidimensional nature of models in that they could be a tool to assess both content and
scientific practices. For example, in the final reflection paper, Nina chose to analyze the
initial and final models her students constructed on tpie f osmosis. In her analysis,
she wrote:

AAlI'l of the students were able to tell

solution. Most of the students told me that the cell membrane shrunk and a few

wrote that it only happens in plants. Unfortuhgtenany of the students did not
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provide justifications in their models or provide detailed mechanisms of how/why
there was water |l oss in their models. 0
In this example, Nina was able to assess students both in terms of content (i.e., cell
membrane shrinki® a hypertonic solution) and scientific practices (i.e., mechaarsim
justifications). Similarly, in Bani 6s fina
and final models on the topic of cellular respiration. Based on her analysis, Bani
commented:
AAbout 13 students out of the 20 were o
glucose turns to fat. However, out of the five groups, three of the groups
were able to interpret the data and understand that glucose breaks down to
pyruvate and then converted taétyl coA. The other two groups just
talked about one piece of the data and ignored the rest of the statements
given to them. They also just summarized the models and did not give any
explanation. o
Her e, Bani assessed her ofeantend (mthissabehomwn der st a
glucose turns into a fat) as well as scientific practices (interpretation of da¢aiatahce
of explanations). We found that 94% (fifteen out of the sixteen) of PTs assessed student
understanding in terms of content andeatfic practices based on their analyses of
student models in their final reflection papéshich had the same instructions as the
previous reflection paperghus, the PTs began to view models as a tool that could be

used to assess the interconnectedré scientific content and practice.



66

3.5Discussion

The research ohow PTsuse assessments, and in particular, how they make sense
of student understanding layalyzing student work is somewhat limited (Windschitl,
Thompson, & Braaten, 2009). Thesed, inthis investigation, we examindww PTs
interpreed student thinkingn static artifactsas well as how they analydevritten work
for student understanding. In general, we found a shift in the way the PTs assessed
student ideas in regard to scifintcontent and practices. It seemed that the PTs began to
assess students on the interconnectedness of their ideas in terms of both scientific content
and scientific practices. The PTs tended t
dondt (Qgeeot2006)ttodvards a more interpretive stance. Crespo (2000) argued that
novice teachers tend to focus on the correctness of ideas rather than the meaning of the
ideas. However, in this investigation, we observed a shift toward the more interpretive
orientation. This slight shifhaybe a result of activities the PTs engaged in throughout
the program. For example, the PTs were requoexhalyze student responses to assess
for student understanding. As the PTs had more practice with assessing student
responses, they may have developed a more sophisticated perspective on how students
learn. It seems that PTs can attend to student thinking undaincsshditions in real
time (i.e, Levin, Hammer, Coffey, 2009) and when analyzing student work.

In addition, we observed that as the PTs began tadre nuanceth their
assessment of student ideas there was a shift toward construction of more sophisticated
curriculum material. Thus, construction of higher order thinking artifacts corresponded to
a more intepretive and sophisticated approach to analyzing student thjrddang as the

construction of data tables to highlight student idBased on our findings, it seems that
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the construction of curriculum material should be a central focus in teacher educati
programs because how they are constructed, in terms of the questions that are being
asked, potentially impacts how teachers assess for student underst@tiaing.
researchers, such as Ball & Cohen (1996) and Brown & Edelson (2003 datstate
for the importance of curriculum material construction since it serv@sportant role in
the classroonby influencingteache s 6 pedagogi catedebhessondess
thar planned curriculum, and servilgs a sour ceamniog t eacherso |
Anothe goal of our research was to examine how PTs justified student
understanding. Overall, we found that as the program progressed the PTs began to
implement a more sophisticated justification schehiés is encouraging because the
PTs are seeing the impantze of providing evidence for how they interpret student
learning. Given the developmental approach taken bigrdm@ework for K12 science
education: Practices, crosscutting concepts, and core jdhadlext Generation Science
Standardsalong with thefocus on prgression of ideas across grades and the movement
toward evidencdased instruction and decision makiagjuanced understanding of
student thinking is better aligned with this approach than a binary view of student
understandingln addition,the nuanced approach for understanding is also important
with the currently changing standards in which teachers will be evallilatedny states
nationwide, teachers are now going to be evaluated on student growth in understanding
well as to providewddencebased instructiorEvaluating students from a developmental
approach will be aessential skill that teachers will need to work on with the
construction of rubrics to assess student learning as well as be able to construct

appropriate instructionaitrategies to move toward more normative understandings.
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Thereby, these types of formative assessments will continue to be essential components
of instruction (Black & William, 1998).

Finally, our last goal of this investigation was to explore the tgpestifacts the
PTs selected to analyze. Initially, we found that the PTs selesttdecall prompts on
worksheets to analyze but throughout the program they shifted in their selection and
began choosing initial and final student models (models that craxwwn before and after
instruction). It seemed that their selection of artifacts was more purposeful and
productive in that thepy scthoo steo tnheeasseu raer ttihfea
student understanding. Even more compelling is that mangdiTls began to use their
analysis of the student initial models. This is encouraging given research that has shown
that PTs do not know what to do with students ideas once they have been surfaced
(Jacobs et. al, 2010; Davis, 2006). However, in our stadgeimed that the PTs were
able to suggest instructional strategies to help alleviate some of the conceptions the
students had based on their analyses of th
for this difference may be the focus on analyzingsttdent artifacts since previous
research focused on videotaped teaching episodes and intervievide(hbatSaul et al.,

2000 Mellado, 1998).

We also observed that PTs views of artifacts began to change. Initially, PTs felt
they could only assessisntific practices in models and content in other artifacts such as
worksheets or lab writaups. However, throughout the program, the PTs began to see the
multidimensional nature of artifacts in that they could be a measure to assess both content
and sciatific practice. It seemed that as the program progressed, the PTs overall views

of artifacts and what they could tell them in regard to student thinking began to be more
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comprehensive and not limited by the artifact. Although we did not stress howco sel
artifacts in our methods courses, this could be explained in that as the PTs began to
analyze student work more frequently they began to see the interconnectedness of the
material and thereby began to use one artifact to analyze both understandmigfi¢sci
practices and content).

3.6 Implications and Limitations

There is very limited research on how engaging in analyzing written work impacts

PTs assessment of studentidéas.r t her , many studies argued

interpret student thinking less developed than experienced teachers (Morris, 2606).

our investigation, we provided some insight as to how PTs interpret student
understandingOur results indicated that PTs are capable of assessing student ideas
given static student artifactSurther,it seemed that as the PTs had more experience with
analyzing student artifacts, they began to use their assessmaritsm their subsequent
instructionduring their student teaching practicum. Our results are encouraging to teacher
education ppgrams becaugbesefindings suggest that a key role in any program should

be engagingTs in these tasks of analyzing student work as part of the reflection is productive.
By analyzing their studentsd artatveact s,
instructional moves that corrnasgland to t
develop deeper interpretations of student thinkimgaddition, we feel that teacher

education program should provide PTs with opportunitesbserve how consittion of
student artifacts impact learning goals. By engaging PTs with experiences to examine
prompts or instructions in student artifacts the PTs will be able to gleam how the phrasing

of questions effect student thinking and understanding.

t h

he
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We would alsdike to discuss some of the limitatioofthis study. This
investigationexaminedne cohort of teachers, thus our sample size was relatively small;
thereby, impactinghe results of our study. We feel that examining a larger sample size
would be benefial to explore whether there are other ways that PTs interpret student
thinking. Further, although our results suggested that there was a shift towards assessing
students in more sophisticated and nuanced ways, the scope of our investigation did not
follow the PTs into their kservice teachingears. We feel that further research should
be conducted to explore these PTs into their early teaching years to examine any changes

to their assessment of student thinking.
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Abstract

Variousreports have emphasized the need to engage students with the practices of
scientific inquiry, specifically moddbased inquiry in which students develop models
explain phenomena. A key factor in implementing this practice is the ability for teachers
to attend and interpret student learning to guide instructional design. Attending to
students6 thinking is not a newritcedea; howe
teachers (PTs). The construct of noticing, which attempts to explain attending behavior,
is the ability to notice and interpret significant interactions in the classroom. However,
there are several challenges associated with helping PTs devesiiltbénoticing
including the cognitive load involved in attending to the messy contexts of the real
classroom environment and the logistics involved in obtaining videos of PT instruction.
To circumvent this problem, teacher educators can focus ondberpors of noticing
including framing and developing an awareness of student thinking; therefore, our
investigation explores how the construct of developing an awareness of student thinking
changes over the course of a two year teacher education progemalipzing written
student artifacts. Despite an increased focus on how teachers attend to student thinking in
recent years, little is known about the development of this behavior (van Es & Sherin,
2010).Further, we explored how the task structure ofote assignments completed
throughout the teacher education program i

thinking.
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4.1 Introduction

Over the past thirty yearseveral documentsave stressed the importance of
engaging students with the epistemology aractices of scientific inquiry (National
Research Council [NRC],996,2007, 201). The recent NRC report (2011) identifies
eight inquiry practices that are essential elements of th2 &cience and engineering
curriculum. These practices include agkguestions, developing and using models, and
planning and carrying out investigations. Further,Nlegt Generation Science Standards
ent ai l more student centered instruction a
development of science knowlpel

Attending to student thinking is not a novel idea, and has been a core aspect of
many pedagogi cal content knowledge (PCK) m
(1990) and Magnussonodos et al.od6s (1999) mod
t e a c &tentiod ® and knowledge of student thinking in the domain. Despite the need
and benefits of attending to student thinking, this practice is challenging for experienced
teachers and is even more difficult for preservice teachers (PTs) (Chamberlin, 2005)
For example, Jacobs et al. (201@)ndthat even after teachers identified what students
did not understand, they still struggled with suggesting instructional practices to
ameliorate these misunderstandings no matter how much experience they liladySim
Tabachnik and Zeichner (1999) work with PTs showed that while PTs were interested in
uncovering their studentsod understandings
take this information into consideration when designing their lessongdvier, even
when PTs recognized that learners have prior knowledge they usually do not address

these ideas in their teaching practices (Friedrichsen, Abell, Pareja, Brown, Lankford, &
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Volkmann, 2009). It is even mordallenging for PTs to attertd studaet ideas in the

moments of instruction since there are so many interactions occurring at any given point

and time in the class. Given these obstacles we chose to focus our investigation on how

PTs attention to student thinking, when analyzing static studgfacts, developed over
the course of a twygear teacher education program. We chose to evaluate how PTs
attended to student thinking in a Aaal time classroom setting in order to obtain a
better understanding of how PTs addressed student idéssitnihe dynamic nature of

classroom instructions. In addition, we examined Hosvtask structure of various

assignments completed throughout the teach

attention to student thinking to highlight how prompts or ingimas of assignments

impacted attention to student ideas. The next section of this paper will present the

theoretical framework of noticing, which is attending and responding to student thinking

in the moments of instruction. However, given that the fa¢usir investigation is

attending to student ideas in static student artifacts, we will then present a precursor to

noticing, which we termedeveloping an awareness of student thinking.
4.2 Theoretical Framework
In every profession, experts have thdigbio interpret events in their domain of
expertise. Goodwin (1994) termed this ability professional vision. For example, a
detectiveds professional vision all ows

architectods pr of es s ecbtorecbgnizeikey features im thé desiga

of buildings (Goodwin, 1994). Regardless of the context of the profession, there are three

necessary practicesoding, highlighting, and the production and articulation of material

hi m

t

he
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representation that are paftgrofessional vision. Goodwin defines these practices as

follows:

=]

1 coding which transforms phenomena obseryv

knowl edge that animate the discourse of a
T Ahighlighting, which manplexypercegualdieldfsalient p h e n o
by marking them in the same fashion?o
T Areification, or producing and articul at]i
For example, an archeol ogistds profession
developing sceémas for the identification of different types of soils based on their color,
texture, and consistency. An archeol ogisté
highlighting the color patterns in the soil to differentiate where traces of humaryactivi
occurred such as where an ancient house may have been located. Finally, an
archeol ogistdéds professional vision involve
representations by taking the information gathered from excavation sites and constructing
profiles of the various soil layers based on the information obtained.
Al t hough Goodwinds work did not specifica
the construct of professional vision to describe teaching practice. van Es and Sherin
(2002) developed thedkrme wor k of HAnoti cingd based on Go
professional vision. Similar to the three
notice consists of three professional skills: (a) identifying what is important, (b) making
connections betweendtspecifics of classroom interactions, and (c) using what one

knows about the context to reason about the classroom situation.
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The first aspect of noticing, identifying what is important in a teaching situation,
refers to the ability of the teacher toexgtlwhat they will attend and respond to in the
class. Because there are so many different things going on in a classroom at any given
point, the teacher must decide what is important and use this information to guide their
instruction. For example, Leintdt, Putnam, Stein, and Baxter (1991) found that
experienced teachers have fAicheck pointso a
lesson is going and decide how to proceed. An example check point is the teacher
knowi ng t o ass es ngobthewstdps of thes sgientifio de¢hodsbéefaen d i
asking them to design a lesson an experiment using the scientific method.

The second aspect of noticing, making connections between specific events and
broader principles for teaching and learning, refetstoe t eacher 6s abi |l ity
how events in the classroom are connected to student understanding (van Es & Sherin,
2002). For example, when analyzing a video of a math lesson, expert teachers described
the segment in terms of issues related to tegchml learning such as noticing a student
having difficulty with a particular math problem and attributing that difficulty to an
underlying misunderstanding of place value. In contrast, novice teachers tended to
provide literal descriptions of what theysssved in the videdaped lesson and rarely
make the connection of how events they observe are related to student understanding.

Finally, the third component of noticing, using what one knows about the context to
reason about the situation, refers to bems noticing classroom interactions (e.g., student
ideas) and how they are tied to the specific context in which one teaches. Thus, teachers
must use their knowledge of the subject matter and knowledge of how students think

about that subject matter tcas®on about events as they unfold (van Es & Sherin, 2002).
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For example, teachers of science will more accurately reason about classroom
interactions in a science classroom than interactions in a literature or mathematics
classroom.

Engaging in these prac#is of noticing enhances student learning becausea c h er s 0
pay more attention to student thinking (Black & Williams, 1998). However, the
development of these practices can be challenging since their application happens in a
manner that is fleeting and disuted through the moments of instruction (Sherin et al.,
2008). This fleeting, complex, and dynamic nature of noticing poses challenges for
teacher educators striving to help PTs develop these practices. It is often difficult to help
PTs notice in realme due to the cognitive load involved in attending to the messy
contexts of real classroom interactions as well as the logistics involved in obtaining
videos of PT6s instruction. We suggest tha
focus on the deslopment of precursors to noticing, what we ternaaareness of
student thinkingWe use the phrase developing an awareness of student thinking to
denote attending to studentsdé thinking as
work. Specifically (a) identifying evidence of student thinking in written artifacts; (b)
interpreting this evidence in terms of how it connects to learning; and (c) deciding how to
respond to their interpretation of student
inst ructi onal moves. I n this study, we inve
an awareness of student thinking advanced over the course ofyaawteacher
education program.

In addition to how these skills grew and developed throughout tigegono we were

also interested in uncovering whether the task structure of assignments completed



t hroughout the program i mpacted the PTs0 a
education, the nature of the task was shown to influence how studektarniilearn
(Henningsen & Stein, 1997); thus, we wanted to explore how task structures (i.e.,
prompts, instructions, dicgions) facilitated (orno) he PTs 6 attention to
Thus, we will be able to better adapt and modify the essential pgidabskills teacher
educators discuss in methods courses. Our research questions are:

1. In what ways does PTs awareness of student thinking develop over the

courseof a teacher education program?

2. How does task structure affect the development of awarehstsdent

thinking?

In addition to investigating how PTs attend to student thinking, we wanted to
further focus attention to student thinking around core aspects of science learning,
specifically modeling. Scientific models are representations thattteraxplain
natural phenomena. Scientists create models in the form of analogies, conceptual
drawings, diagrams, maps, and computer simulations as a means of describing and
understanding the organization and behavior of natural systems (Windschitl &

Thompson, 2006).

We chose to focus on the practices of modeling because of the centrality of
modeling in science (Longino, 2002; Giere, 2004) and consequently should have a central
role in the science classroom (Lehrer & Schauble, 2006; Grosslight, Unge, Seyith,

1991; Snir, Smith, & Grosslight, 1988). Further, medth@sed inquiry instruction
involves students developing models in the form of text, diagrams, formulas, etc. that

elucidate and explain the phenomenon in question, and then testing amd)rindse
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models based on evidence. Engagement in ok d inquiry encourages students
express their understandings, share, and argue about their ideas (NRC, 2011).
Consequently, fostering modeased inquiry learning entails a shift towards more
studert-centered classrooms in which students construct their own understandings of
scientific phenomena (NRC, 2000; 2007).

A key factor in implementing modélased inquiry teaching effectively is the
ability to attend to and interpret student ideas and toueisterpretations to guide
instructional design (Hammer, 2000; van Zee & Minstrell, 1997; NRC, 1996; AAAS,
1993), which is a central component of both PCK models. To studyhioattended to
student thinking, we analyzed responses to an interviewrtagkich the teachers were
asked to evaluate student models. We chose
models because other researchers, such as Jacobs et al. (2010) and Kazemi & Franke
(2004), used student work because they felt that stwdaitcould help teacher develop

a deeper understanding and interpretation

4.3 Methods
4.3.1 Study Context
This study was conducted in the context of a-jwar Ed.M. certification
program for secondary biology teachers at a latg@i@university in the North East (see
Etkina, 2005 for more details about the program). There were fifteen PTs enrolled in the
program. Four of the PTs were males and eleven were female. All of the PTs were
Caucasian except one who was of Asiandeséehtl of t he PTs0® under gl

were in the biological sciences with nine having biology degrees, three having animal
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science degrees, three having environmental science degrees, and one having a molecular
biology degree.

The program entailed a vaty of coursework about: learning, diversity, and
assessment. The program also included four life science specific methods courses that
were taken in sequence (including a seminar that accompanied student teaching). These
methods courses were geared towdrdlping PTs develop their knowledge and practices
of modetbased inquiry teaching. The first courbtsthods | focused on developing PTs
understanding of the nature of scientific inquiry and the central role of modeling in the
development of scientifiknowledge Methods Il the second course was essentially a
design course in which the PTs worked in groups to design an extended-lraged/
unit as well as implemented a short meblased inquiry lessoMethods 11} which
accompanied the teaching imship, focused on the implementation of mel@ted
inquiry instruction as well as reflecting on their instructional methods. The majority of
the PTs completed their student teaching internship at suburban, public high schools in
the North East while oneTRcompleted the requirement at an inrn#y, public high
school in the North East. Finally, the fourth coutdethods IVengaged teachers in
action research using data collected during the teaching internship. All courses, especially
the latter two, inltided an emphasis on student thinking, and engaged PTs in analysis of
student work.

4.3.2 Data Collected

In this investigation, we used four different data sources to address our research

guestons. To address the first research questiananalyzed #h clinical interviews that

were conducted at the end afch methods course. To address the second research
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guestion we analyzed th&eaching experiment interviews and analyses that was
completed durindg/iethods Il,the VNOS (views on the nature of sciensarvey that was
completed durindg/iethods lll,and the student transcript analysis that was completed
duringMethods IVEach assignment will be discussed in more depth below.

PTsClinical Interviews: As part of the coursewottke PTs participated in
clinical interviews at the end of each of the four methods course. A faculty member and
trained graduate students conducted the interviews. Although somewhat different
protocols were used in each set of clinical interviews, there was a common -shadieht
critique task, which is the task analyzed in this investigation. In this task the PTs were
presented with three Astudent model so expl
why ice floats (density); the two versions were used for counterbalancing esurpbe
research team created the Astudent model so
commonly expressed by students as surmised from the research literature. We engineered
these models to vary in terms of level of details, scientific accuracy of explanse of
evidence (in the form of prior knowledge used in the model explanation) and justification
of how the evidence relates to the explanation provided in the model. The models
consisted of a drawing with an explanation written underneath. Theresixen®dels in
total (Appendix Aand Appendix B Bel ow i s omedef sbhes@slt ude

interview.
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@) When you get a cut after a week
1 a scab forms on it. | know this

because | saw pictures of scabs
and when | look with a

Betor microscope you can see the
scabs.

Aec

Figure4.1:Sampl e of student model from the fAhow

The PTs were then asked to identify (a) good aspects of the models, (b)
problematic aspects of the models, (c) description of their next instructional move when
told these were naive models (i.e., if students initially drew these models without any
prior instruction), and (d) description of their next instructional move wiidrthese
were revised final models (i.e., students drew these models after instruction about the
topic). Interviews lasted 385 minutes and were videotaped and laganscribed
verbatim
Teaching Experiment Interviews.The focus oMethods llwas on dsigning
extended inquiry units. As part of the design process, the PTs were required to interview
at least three participants on an assigned biological topic in order to assess prior
knowledge. The participants had to have taken either high school @ecbltdogy. The
goal of this assignment was to use the par
of an inquiry unit on the given biological concept. After designing and conducting the
interviews, the PTs wer e espansestofadpattemms anal y
(similarities and differences in the responses) as wellastousathép ci pant s 6

statematsin the form of quoteto support their analyses
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VNOS (Views on the Nature of Science) Surveyhis assignment was completed
duringMethodslll. We wantedtgor ovi de t he PTsO6 with opport
student responses in order to come up with nuanced analyses of student tRmkimg.
assignment each PT was required to i mpl eme
(VNOS) questionnaireduringh ei r student teaching interns
views on science. The PTs then collectively developed a hierarchical coding scheme
(eight different categories to the coding scheme) to analyze the student responses to the
guestionnaire. The PTs weerequired to analyze one of the questions using the agreed
upon coding scheme. Based on their analysis, the PTs were then asked to explain what

activities they would do in class to move the students from lower to higher categories.

Individual Student Tr anscript Analysis. This assignment was completed during

Methods IVWe wanted to again provide the PTsé6 w
student ideato develop nuanced analys&®r this assignment, the PTs were given a

transcript of a student interview (the transcript was tta¢ professor of the course had

collected as part of a research project). The PTs were asked to analyze the student

responses from the interview to answer the quesitiondoes the student conceive of

genes, proteins, chromosomes, traits, and the coondaottween these entities.

4.3.3 Data Analysis
PTs Interviews. We initially blinded the interview tasks regarding PT and course.
We then read through the interviews and developed analytic memos to capture what PTs
noticed in the models, such as the ofkevidence and justification and the accuracy of
the content (to name a few). Each coder created separate analytic memos. We then

reviewed each analytic memo for similarities and constructed one analytic memo that was
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comprised of the salient points frahe individually constructed memos. Subsequently,

we identified all of the possible factors that could be mentioned in the model evaluations
based on how we engineered these models. Table 4.1 describes the different factors that
were engineered into the ohels.

Table 4.1:Factorsengineered into scientific models

Categories Description of Category

Grain Size The organization level at which the models were dra
molecular, cellular.

Temporal Sequence Model showing change over timeften represented as
fbeforeo and Aafter o i ma

Mechanism Explanation of what occurgoes beyond process.
Explains how various components fit together.

Labeling Different components of the models were labeled, s
as water molecules, skin cells, etc.

Extraneous Infonation | Information that did not serve a purpose in the mode
such as smiley faces when the cut healed.

Evidence in Explanatior Evidence or data in the explanation, such as prior

knowledge or experiment previously performed, suc
AModel # 3idngs geod ginceatmeferences th
studentdéds prior knowl ed

Justification in Statement about how the evidence supports the clai
Explanation the explanation, such a
differences and it also provides a justificationthis

case water properties. 0O

Clarity in Model Components such as color coding.

Representation

Accuracy of Content in | Models and explanations had varying degrees of
Model correctness, such as fAM

molecules stick together butthe dondét un ¢
water floats. o
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Using the analytic memos and table, we analyzed the first two questions of the
interview task in which the PTs were asked to identify the good and problematic aspects
of the models. A comment was codedagendingif it related to a feature that was
explicit in the models. For example, a PT mentioning the models had a before and after
woul d be codedengsoriiadt tseemgduiengc e 0 since the n
before and after. A comment was codedh#spreting if it related to a feature that was
not explicit in the model. For example, a PT mentioning that the explanations are
supported with evidence-uweulbd kBei deded a
since the PT decided what counts as ewidewhich was not explicitly labeled as
evidence in the models.

All of the features that were engineered into the models could be coded as either
attendingor interpretingdepending upon whether the PTs addressed how these features
related to the studentd over al | |l earning process. For e
model s have a before and «afetngproaxr awo usledy ubeen cce
it related to an explicit feature of the model with no further elaboration. However, a
comment thseredcsla before and after in the model so the student understands that
there is a process or segquence that needs
Ai nt ertpegrmego mal seqguenceo0o since the PT el abc
relatedtost dent understanding. Al of the PTsd c

had engineered into the models.
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To analyze how PTs planned their hypothetical next instructional move, we coded
their responses to the questiamat would you do in class the nestydf these were
naive modelsOur goal was to determine if the responses were connected to their critique
of the models along with the specificity and viability (i.e., were the lessons easily
executed) of the suggested solutions. We coded their res@misee, medium, or high.
A Al owd code response was vague and not <co
example, when PTs suggested that the students be provided with evidence but use of
evidence, or lack thereof, was not raised as a problereinth cr i ti que. A fime
response was vague but connected to the evaluation. For example, when PTs suggested
that the models lacked evidence in their evaluation and recommended providing data to
the students. Although a suggestion was providedsttlisinclear how the PT will
provide datawill they have the students conduct an experiment, will they present their
students with a study conducted by scienti
interpretation. A fAhed,hol coalel ad@®@,s paomd ec avrarse
evaluation. For example, when PTs suggested that the models were not drawn at the
cellular level and recommended performing a microscope experiment in which the
students could observe the different stages of cellulasidivi

We analyzed the last question of the interview taglat would you do in class
the next day if these were revised modgjs;reating a comprehensive list of the
strategies the PTs said they would employ. We similarly coded responses to defermine
the responses were connected to their critique of the models along with the specificity
and viability of the suggested solutions. We chose not to analyze this last question with

the codes of low, medium, and high because often the PTs mentioned @oingitls a me
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thing as they would do i f these were napve

related to the content of the models and noted any observed differences for the responses

to naive and revised models.
In order to determine any developmental chartbat occurred throughout the
course of the teacher education program, we denoted the interview responses that were

conducted the first year of the program

second year of t he peacongparedihe esponsebferthBp ost o

pre/post interviews and noted any differences. Further, we also wanted to see if there
was a difference in the interview responses from the biological version and the physical
science version; thus, we compared the regmaotthe different subject matter.

Teaching Experiment InterviewsAnalyses We read throughe analyses
their entirety. Our goal was to examine
responded in their analyses of the interviews. We idedti#hat features of student
thinking the PTs were able to attend and interpret (there was virtually no hypothetically
responding)Using a constant comparative method (Glaser, 1964), we were able to
categorize the interviews into different groups basetherskills the PTs employed
some PTs just attended to student thinking while other PTs attended and interpreted
student thinking. We further explored how the PTs justified their analyses. A justification
was coded as any rationale a PTs employed in dneilyses.

VNOS Survey.We initially examined how the PTs categorized the student

responses into the eight category coding schemes. We explored if there were any patterns

in the categories (i.e., did most of the PTs place their students in one level of

understanding over another, were there some categories that were never addressed). We

as

d
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then analyzed the PTs hypothetical responses. We created lists of the variousifpollow
lessons the PTs suggested. We examined how in depth the lessons were, how easily
exeatable they were, as well as how connected the lessons were to their analyses of
student understanding based on their coding schemes.

Individual Student Transcript Analysis. For this assignment, we followed a
very similar protocol for our analyses as las for the teaching experiment interview
analysis. We explored how the skills of attending and interpreting (again there was
virtually no hypothetical responding) student ideas was evident in the analyses. We
examined what aspects of student understantim@ Ts addressed as well as the various
justifications the PTs employed in their analyses.

Trustworthiness. We employed several strategies to ensure trustworthiness of
our analyses. We used pastrecks to enhance validity of our interpretations of tita.d
We provided thick descriptions of our meth
numerous quotes to allow the reader to track and evaluate the evidentiary base of our
claims. We established intercoder reliability by having two independent codiersialh
the data (reliability ranged between-9%%); any disagreements were resolved and codes

were adjusted to reflect the consensus.

4. 4 Results
4.4.1 In what ways does PTs awareness of student thinking develop over the course
of a teacher educatiorprogram?
Attending. Our analysis of the first two questions of the interview task allowed us

to determine what aspects of studentsd thi
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reveals the number of comments that involved attending to students thimkirvgere

noted in relation to the categories of comments we identified. Recall, the categories in
this table represent problems and deficiencies we engineered into the models, and we
wanted to see what the PTs would comment on. Theggmonses corregpded to
interviews conducted during the first year of the program, while therpsgbnses
corresponded to interviews conducted during the second year of the program.

Table 4.2:Attending to student thinking aaments coded for pre/post data.

Categories Pre Post

Labeling

16 15
Clarity in Model
Representation 6 5
Temporal Sequence 3 4
Grain Size (cell/molecule | 0 0
or not)
Extraneous Information

0 0
Evidence in Explanation

0 0
Justification in Explanatior

0 0
Mechanism explanatbn of | O 0
what occursgoes beyond
process

Accuracy of Content in
Model 0 0
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The analysis revealed that PTs tended to attend to and comment on superficial

aspects of student thinking such as whether models were labeled and drawn clearly.

Labeling anctlarity of model representation were the most noted regardless of the

subject matter of the models (cut healing or ice cubes). Further, there was no change in

terms of the aspects the PTs attended to between the pre and post measures. The only

other categry that PTs attended to was the temporal sequence category.

Interpreting. Our analysis of the first two questions of the interview task also

all owed us to determine

what

aspects of st

Interpreting refers to the aly to attend to student ideas and determine how that relates

to the studentsod

over al

earni

ng

process.

an aspet of student thinking that wamot explicit in the models. Table 4.3 below reveals

the numbeopf interpreting student thinking comments by category.

Table 4.3:Interpreting student thinking ouments coded for pre/post data.

Categories

Pre

Post

Grain Size (cell/molecule or not)

23 25
Evidence in Explanation

20 22
Accuracy of Content in ldel

16 19
Mechanisrmexplanation of what | 16 11
occurs goes beyond process
Justification in Explanation

15 12
Extraneous Information 4 4
Temporal Sequence 0 0
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Clarity in Model Representation

oo
oo

Labeling

The analyses of the first tnquestions of the interview task revealed that PTs
tended to focus on the grain size of the explanation in the models, the use of evidence in
the student models, and the accuracy of the content in the models. Comments that
referred to the grain size dfé model focused on the level that the models were drawn at
(i.e., were the models at a cellular level or molecular level versus were the models giving
the overall pictures ki n or i ceberg). For exampl e, Nin:
macreimage while mode #2 and #3 are micfd e vel 0. Nina is referr
first model shows a scab healing on skin (i.e. md&vel) while the second and third
models show the cells healing (i.e. mideoel). Comments that referred to the use of
evidence in thenodels focused on how the students employed evidence (i.e., data,
experi ments, prior knowledge) in their mod
using prior knowledge as evidence to expl a
as Apridged& noorwd et hat i s how she felt the st
in the models.

Overall, there was not much change over the course of the teacher education
program. Upon comparing table 4.2 and table 4.3, it is evident; however, that PTs tended
to provide more comments that could be coded as interpretive. There were many more
interpretive comments as compared to attending comments (27 versus 94 in the pre data;
26 versus 93 in the post data). Additionally, we did not observe any differences between

interpretive comments that related to a positive feature in the model or a negative in the
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model. However, when we compared the interpretive comments based on the subject
matter of the models, we found that the PTs tended to focus on the accuracy of the
content in the physical science models (almost twice as many comments) as compared to
the biological models. This is somewhat surprising since the PTs were all biological
science majors.

Hypothetically responding- naive modelsWe next explored the PTsggested
hypothetical lessons after their analysis of the student models. We wanted to engage them
in the authentic practice of evaluating student ideas and being able to address these ideas
in follow up lessons. Thus, the second part of the analysesfboumsthe third question
of the interview task in which the PTs were asked to propose hypothetical follow up
lessons given these were naive models (initial models prior to formal instruction). Our
goal for this part of the analyses was to characterizepéeificity and relevance of the
hypothetical follow up lessons (i.e., were the follow up lessons connected to the PTs
evaluations of the models) and the viability of these hypothetical lesson plans (i.e., were
the suggested strategies sensible solutiotiset problems noticed). Table 4.4 reveals our
findings below. We coded responses based on how explicit and detailed they were (i.e.,
were their | essons feasible and executed)
does their lesson address aspett&udent thinking they noted previously in their
evaluation).

Table 4.4:Scores given to hypothetical follow up lessons in terms of connection to

critique and specificity of the suggested strategy for pre and post data
Low Medium High

Pre 12 13 7
Pog 8 14 10
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Our analyses revealed that initially the PTs tended to be vague in their suggested
follow up lessons. However, over the course of the teacher education program, there
seemed to be a shift towards instructional moves that were more detaileasdnd
executable as wel |l as |l essons that connect
of medium or high quality in the pre data versus 75% in the post data). For example, this
shift was evident i n CIl ar e 0 shepreiggview,ses dur
Cl are responded that iIif these were napve m
probing questions and hopefully this would shed some light on the students that certain
model s arendét making sense.idheflessonhi s respo
description (i.e., what probing questions would she ask? and how would this help
students see gaps in their understanding?) and this lesson plan was not connected to her
evaluation of the student models in which she stated the accuraeyafrttent of the
model was incorrect. In the post interview conducted the second year of the program,
Clare stated:
Al would ask the students to explain th
understand the question. | would then have the students congratsfféinent
models and write reasons how they are different. | would bring in pictures of cuts
at the microscopic level along with a progression of the healing process. After the
discussion and showing the students the pictures, | would have the students g
backandrelo t heir model s. o
I n Clarebds response she provided more spec
what instructional moves she would make, and what resources she would bring to the

classroom to help kids see the gaps in their kndgdeHer response was also connected



to her evaluation in which she addressed the grain size issue of the models (i.e., providing

94

students with cellular level pictures of a cut healing) and the lack of evidence in the

models (i.e., providing students wipictures of the progression of cells healing).

Our

comparison

of

responses in

models (cut and iceberg) that differ in subject matter is shown in Table 4.5.

Table 4.5:Scores given to hypothetical follow us$®ns in terms of connection to

t

he

critigue and specificity of the suggested strategy for stibjatter for pre and post data

Low Medium High
Physical Science | 7 13 12
Models
Biological Models| 13 14 5

Thi s

compari son

r e v e ak frdhe phlysicdl scientes 6

f

ol |

models tended to be more detailed and were more feasible. Further, the strategies the PTs

suggested in their lesson plan for the physical science models were better aligned and

more tightly linked to their critique of the modelis.total there were six suggested

strategies

several PTs suggested comparing the volume of water at different phases (liquid versus

t hat

wer e

both

speci fic

and

solid) so that the students could witness ib@expands in cold temperatures. This

suggestion was helpful since it helps rule out the model that stated that things shrink in

c

the cold. Thus, the PTs seemed to be better able to diagnose the content inaccuracies in

the given models and were subsequealile to come up with sensible teaching moves to

address these issues.

Another suggested instructional move that was frequently mentioned by the PTs

was to have students work with objects that had different densities to explore the impact

on
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of density astirelates to floating and sinking. Such an activity would be productive and
relevant since several of the models suggest density but their definition of density was
inaccurate. By allowing the students to experiment with objects of different densities, the
students could get a better understanding of the concept.

In comparison, the biological models only had two solutions that were productive
and connected to the PTs evaluation. Most of the suggestions for the biological models
involved having the studéndiscuss their models or having students work collaboratively
with their models. These suggestions are not very detailed in that they do not provide a
clear view of how the PT would accomplish these discussions or group work activities
(i.e., what typesf questions would the discussion entail, what would the students do
while working in groups). Further, these responses were not connected to the PTs
evaluations; they did not address any problematic aspects of student thinking that were
evident in the moels.

We also wanted to explore the nature and type of problems the PTs addressed in
their follow up lessons, assuming that these were naive models, and what aspects did they
target in their follow up lessons. Overall, we found that regardless of ten@r@/post)
and subject matter of the models, the PTs tended to target one problem in their follow up
lessons whether it was providing evidence, content, or grain size of the models (these
were the most common). However, we noticed that PTs tended ¢b ¢cargent in their
follow up lessons for the physical science models while they targeted the grain size for
the biological models. We feel that the difference in suggestions between the subject
matter could be due to the fact that the PTs may have hadaxperience (in terms of

labs and experiments) for the density context than for the cellular division context.
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Hypothetically responding- final models. The last part of our analyses explored
the response to the questiarhat would you do in class thextelay if these were revised
models Similarly to our analyses of the naive modwdse we wanted to determine what
the PTs were targeting in their follow up lessons, how many problems they were
targeting, and how sensible were their suggested strat@yiesll, we found that the
PTs tended to, again, target one problem and that they tended to focus on the same
problem in the revised model as they did for the naive model regardless of the time
(pre/post) and subject matter of the models. For examples PTs initially suggested
providing the students with data (in their follow up lessons given the models were naive)
than they would suggest providing the students with more data or different data when told
these were revised models. Table 4.6 lists tfferdnt instructional strategies the PTs
mentioned.
Table 4.6:Instructional strategis suggested for revised models
Instructional Strategy Suggested | Number of Times Strategy was Suggested
Go Back and Redo Lesson 18
Provide New or Different Evidence | 7
Students Work in Groups to Revise| 5

Models
Change Prompt 2

Thus, overall, we found that the strategies suggested by the PTs in follow up lessons had
minimal differences regardless of the time (pre/post) or subject matter of the models, with

themostcommnl y noted strategy of fAgoing back a
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4.4.2How does task structure affect the development of awareness of student
thinking?

We next wanted to explore how the nature and structure of certain assignments
that the PTs completed dugivarious time points in the teacher education program
facilitated (or not) attention to student thinking.

Task #1.The first assignment that we examined was completed ditatigods
ll. For this assignment, the PTs were asked to create interview gsesti@ngiven
biological topic, conduct an interview using these questions with at least three
participants, and then analyze the interview responses. The goal of this assignment was to
use the participantso responumdtodnthegiveai d 1 n
biological concept. We specifically asked the PTartalyzet he parti ci pant so
in terms of student understanding not meselgnmarizefor each biological topic. We
asked the PTs to find patternglrep a r t i cesporeseiinslaitiesand differences
as well as to use quotes to support their analyses. The participants were selected by the
PTs with the only requirement being that the participant had to have taken biology either
in high school or college. Overall, we fouticht PTs analyses tended to be either: (a)
attentive to and interpretive of student thinking (first two components of developing an
awareness of student thinking) or (b) attentive to student thinking (only first component
of developing an awareness of gtadthinking). The analyses that were attentive and
interpretive of student thinking, which were the majority of the analyses (67%), had
certain features.

The first feature was that the PTs provided student responses in the form of quotes

andusedthestuent responses to explain Awhat t hi

S
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PTs were able to provide direct evidence to support their claims regarding the
participantsod6 understandings and ideas. Fo
Al asked Howmaremsuyasidits taoffspringl received responses
|l i ke Atraits are passed through chr omos
reproductive agents that pass chromosomes (student 1). Based on these responses
| can conclude that the students do have a somewabet énd generalized
understanding of what chromosomes/genes do (terms are interchangeable) and
that they are carried by sperm and egg
In this instance, Eric cited specific responses from the interviews and explaineldehow t
responses were indicative of the participa
Another feature we noticed was that PTs analyses that were attentive and
interpretive of student understanding referenced specific ideas that students knew or did
not know 68 times. Of thes 74% of the comments suggested a deficit view and
highlighted what students do not know. For
come up with the idea that proteins could
Only a handful of comments highlightedh e -filnlall & aspect of the st
understanding. For example, Christine com
would divide when others got old or damaged. However, no participant mentioned
mutation as a caus e trasttoRBasilChristineeindicated whatt i on. 0
she believed the students did and did not understand about the topic of cellular division.
The analyses that were attentive to student thinking but not interpretive of student
understanding (only the first componefideveloping an awareness of student thinking)

were simply just summaries of what the students said in their interview. Despite being
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asked to include student responses, these PTs did not provide direct evidence of student
understanding in the form of gtes from student responses. It seemed that these PTs just
repeated what the students stated in the interview with no real analysis.

Overall, it seemed that the majority of the PTs were able to provide a more
thorough analysis of student ideas in theringav task. The PTs who used direct
evidence in their analysis seemed to be more cognizant of what the students were saying
and were able to use this evidence to justify their interpretation of student understanding.
However, although we specifically askige PTs to provide student responses, there
were a handful of PTs who did not and their analyses were much more descriptive
(mostly summaries with no analysis) in nature.

Task #2.The second assignment we analyzed was written ditetgods Ill.For
thsassi gnment each PT was required to i mpler
(VNOS) questionnaire during their student
another opportunity to work with students responses in order to come up with nuanced
analses of student thinking. The PTs then collectively developed a hierarchical coding
scheme (eight different categories to the coding scheme) to analyze the student responses
to the questionnaire. The PTs were required to analyze one of the questioritkaising
agreed upon coding scheme. Based on their analysis, the PTs were then asked to explain
what activities they would do in class to move the students from lower to higher
categories.

In our investigation of the PTs analyses, we found that all but aie &fTs
coded each of the studentsd responses to f

seemed that all of the PTs interpreted the student responses to be categorized at only one
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l evel . Only one of the PTS$hercstndamhesponsed t hat
could be categorized into two of the eight
tended to view studentsod knowledge to be o
categorized in one of the coding scheme categories and that thesRETgnable to view
the multidimensional aspect of student learning from given responses.
We then asked the PTs to suggest an activity they could do in class to move the
students from the lower categories of understanding to the higher categories of
undestanding. Overall, the majority (82%) of the PTs provided general activities with no
real connection to their analyses. For exa
of data and all ow them to work i neJdgkeoups t
was not explicit in what type of data he could give them as well as what they would be
doing in the group with this data. Moreover, his suggestion was not linked to his analyses
of the VNOS survey since he did not mention why he choseglementthis actiwty.
Most of the other PTs responded in a similar manner.
However, there were a handful of PTs who attempted to link their activities to
their analysis. For example, Jackie commented:
ATo assist in progressing studghent s6 kno
categories, | think it is important for students to understand scientists do not just
Athinko differentlyo or fihave different
aware of the practices scientists use and the extent of research and experiments
they perform before an idea is an accep
In this instance, Jackie used her analysis, which indicated that the majority of her students

thought that scientists think differently and therefore come up with differenbopirio
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emphasize the fact that she needed to promote scientific communities in her classroom.
Jackie further described activitjegich as analyzing data or classcussions thathe

would do to promote this; however, similar to Jake and the othehBiTactivities are

vague and were not easily executable.

Overall, it seemed that the majority of the PTs were unable to suggest viable
activities that they would implement in their classes. Moreover, the activities suggested
were not explicitly connectkto the analyses of the student responses. It seemed as
though there was a disconnect between what we asked the PTs do and what they actually
did. Further, @spite collectively developing the coding scheme categories to use in the
analyses the PTs wereable to view the mukdimensional nature of student responses.
This is a very important skill to develop since many states nationwide are asking teachers
to develop rubrics (similar to the coding schemes the PTs developed) to grade student
work to be usetb measure student growth. Further, after analyzing the student
responses, the PTs were unable to provide a detailed activity that was linked to their
overall analyses.

Task #3.The last assignment that we examined was written diigtgods V.

For thisassignment, the PTs were given a transcript of a student interview (the transcript
was data the professor of the course had collected as part of a research project). The PTs
were asked to analyze the student responses from the interview to answertiba ques

how does the student conceive of genes, proteins, chromosomes, traits, and the
connection between these entit@sir goal for this assignment was to give the PTs
opportunities to work with student responses to develop nuanced and sophisticated

analy®s of student thinking.
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Overall, we found very similar results
responses tended to be eithe):gentive and interpretive student understanding (first
two components of developing an awareness of stubleking) or (b) attentive to
student understanding (first component of developing an awareness of student thinking).
The analyses that were attentive and interpretive of student thinking, which were the
majority of the analyses (92%)ene comprised of certafeatures

Similar to our results for task #1, we found that the PTs who were attentive and
interpretive to student understanding provided direct evidence in their responses in the
form of student quotes from the transcripts. However, unlike in taske#djdanot
specifically ask the PTs to include quotes in their responses. Moreover, the PTs would
then again use these responses to explain
Catherine wrote, fAMeera [the sthatdadt i n th
cause ummédi fferent kinds of eyes of skin
Catherine continued:

Al think she is saying that genes are n

different skin color or different kinds of eyes, skkglls, or diseases. We can also

garner from this statement that she understands in some way that proteins are

expressed because they affect physical
It seemed that the PTs would use the student responses and interpret exathgiwhat
responses meant to support their analyses of student understanding. On the other hand,
the PTs who did not provide responses (8%) were not very analytical in their responses,

simply summarizing what the students said.
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However, we did observe ondfdrence in this analysis as compared to task #1.
We found that there wereughly 52comments that related to what students did or did
not understanding. Forty of those comments
understanding unlike in task #1 which the majority of the comments specified lack of
student understandin@he task structure of this assignment was much more specific in
that we specifically asked the PTs what the students understood in regard to genes,
proteins, etc. On the otherrdhin task #1, the PTs were told to analyze and find patterns
in the student responses; thus, it seemed that more specific prompts facilitated more

specific analyses in regard to student understanding.

4.5 Discussion

In this investigation, we first waedl to characterize the development of
awareness of student thinking, specifically we wanted to explore the components of
student thinking PTs attended, interpreted, and hypothetically responded to based on
responses to a model critique interview task. Remaareness of student thinking is a
precursor to noticing that does not occur in real time. We chose to focus on this precursor
since it is often difficult to help PTs notice in real time due to the cognitive load involved
in attending to the messy certs of real classroom interactions as well as the logistics
involved in obtaining videos of PTO6s instr

Throughout the course of the teacher education program, we observed that there
was very |ittle change i n tdestthiRkihg AVedid vel op
notice that the PTs tended to be more interpretive in their critiques of the student models.

Many studies, such as van Es & Sherin (2002) and Morris (2006) found that PTs are
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descriptive when noticing student thinkirtgat is they ee able to attend to student
thinking by identifying what the student does or does not understand; however, they are
unable to determine how the aspect of student thinking they attended to is connected to
the studentsd | ear niwhgndealhg with sticstutlents sugges
artifacts PTs are better able to be interpretive in their analyses of student thinking.
We also found that the PTs focused more on accuracy of content in the physical science
models. This is a bit surprising since we woluédve expected them to be more critical of
the biological context given that they were all biological science majors. Moreover, it
was also interesting that the PTs discussed the content of the biological models. Their
comments about how a cut heals relateeither how cells divided or how cells stretched
in order to heal. It seemed that many of t
scientifically accurate since cuts heal by dividing, not stretching. Several research studies
have shown that nos# teachers hold a range of inaccurate scientific concepts (e.g. Ginns
& Watters, 1995; Stofflett & Stoddart, 1994; Trumper, 2003), which we also observed
here. However, on the other hand, the PTs were much more descriptive in their comments
about the physal science models and focused on several different aspects of the content
as it related to these models. In addition, the PTs responses to the physical science
models were more scientifically accurate. However, regardless of the subject matter of
the moetls, the PTs tended to only focus on one aspect (i.e., category) in the follow up
|l essons. These results are congruent with
one to two aspects of teaching when reflecting on instruction.

Although we did not olesve a significant change in what the PTs attended and

interpreted in regards to student thinking, we did discover that the PTs hypothetical
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follow up lessons shifted towards being more specific and were better connected to their
evaluation. Our resultaiggest that to some extent PTs are able to develop potential
responses (folou p | essons) that could help amelior
misunderstandings. They were more able to do this in regard to problems, such as the
grain size of the model and the useewidence in models as compared to problems, such
as the justifications in the explanations. It seems that PTs may struggle with components
of inquiry, such as justifications, and that could be why the PTs were unable to address
this aspect in followup lessons. Windschitl (2004) also found that PTs struggled to
support claims. However, it is encouraging that PTs were able to develop more specific
lessons that promoted student understanding in some simple contexts like student work.
These results suggesatPTs will hopefully be able to develop more specific

instructional moves that address student ideas in real time classroom settings.

The second focus of our investigation was how task structure of various
assignments completed throughout the teachearatidn program impacted the PTs
development of awareness of student thinking. It seemed that the specificity of the
prompts or the instructions of the task impacted what the PTs attended to in regard to
student understanding. Thus, more specific prompibtéed more pecific attention to
student ideas. Although there is a limited amount of research in this vein, others have
researched how task structures in mathematics impact student learning. Researchers, such
as Henningsen & Stein (1997) found thaivitbe task is written influences student
learning. Thus, it seems that in our investigation how the task was written could
potentially impact how PTs develop an awareness of student thivkimglso found that

the PTs who used student responses in the dbiopiotes tended to be more interpretive
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in their analyses of student i deas. It see
were more cognizant of what the studemas saying; thereby, impacting the PTs attention
to student thinking.
4.6 Implications

Many studies have found that PTs struggle with the practices of noticing (e.g.
Morris, 2006); however, previous research has not provided more nuanced accounts of
how these skills are less developed in PTs. Our investigation hoped to provide a more
nuanced description of what PTs do and do not notice and to what extent are they able to
interpret what they notice and respond to it. This investigation highlights the areas in
which PTs still need to improve in their development of awareness of stushmgh
such as targeting more problems in their follow up lessons and interpreting more aspects
of student thinking such as justifications in explanations. It is not surprising that PTs
struggled with certain aspects of student thinking, specificallifipggtons, since other
research has shown that PTs had difficulty with this component as well (Windschitl,
2004).

Overall, we found that all of the PTs developed more specific hypothetical
follow-up lessons that were connected to their evaluation whadyzamg student
artifacts; however, studies that had novice teachers analyze videos of teaching to develop
these skills had mixed results in that som
specific to their video analyses while the other novicehter@edid not (van Es & Sherin,
2006). By having PTs engage in tasks, such as evaluating student models, may be a

productive way to help them learn to attend, interpret, and plan responses in a simpler,
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less dynamic (and potentially overwhelming) contexdtatient written work. While this
context is simpler, it is still very much authentic to what teachers have to do.
Overall it seemed that the task structure of an assignroeitinfluence
attention to student ideas. Based on the results from thisigetest, it seemethat the
more specific the prompt in the task, the more specific the analyses of student
understanding. We feel that teacher educateesl to be more specific in writing the
prompts in the assignments completed during the teacher educaticanprdtus,
insteadof asking PTs t@nalyze responses for student understandeagher educators
need to ask specifically ask what they want the PTs to attend to shiolv ao the
students conceive of X, Y, and/AZriting more specific prompts could @ottially

influence more attention to student thinking.
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Chapter 5: Conclusion
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5.1 General Discussion

In recent decades, numerous reports have called for the need to engage students in
the epistemology and practices of stiec inquiry (i.e., NRC, 2011). However, this is a
major obstacle given the fact that teachers have not had much experience with scientific
inquiry either in their teacher education programs or their own experiences as students
(Crawford & Cullin, 2004 Harrison, 2001;Justi & van Driel, 2005; Justi & Gilbert, 2002;
Windschitl & Thompson, 2006). In particular teachers struggle to make sense of student
ideas and steer their development. Researchers, such as van Es and Sherin, have explored
how teachers acaaot for student understanding by studying a construct they coined
Anoticingo. However, devel oping the skills
happen in a manner that is fleeting and distributed through the moments of instruction
(Sherin et al., 208). Therefore, one way to circumvent this obstacle is to focus on the
development of precursors to noticing. In in this dissertation, | investigated the precursors
to noticing, which | termedeveloping an awareness of student thinkBygecifically |
expored the research questibow does developing an awareness of student thinking
change over the course of a teacher education program.

Chapter 2 examined how the first componerd@feloping an awareness of
student thinkinghanged over time. In this iestigation, | explorettaming.Frames are
the lenses of analyses PTs employed in their reflection paper. | found that PTs employed
frames with varying degrees of attention to student ideas. Initially, the majority of the
PTs employed thengagemenframewhich focused on student interest and participation.
However, as the teacher education program progressed, there was a slight shift towards

using frames that were more attentive to student understanding, scardiic



110

practices studentswhichfocusd on st udentsé actions whil e
inquiry practices. It seemed that as the PTs gained more experience working with
students in the classroom through their teaching internships, they began to focus less on
themselves as teachersandnmme st udent sdé | earning (Berlin
found that the PTs who employed more student centered frames began to be much more
elaborate and detailed in their description of student learning. For example, in later
reflections the PTs becam®ore nuanced and explicit abdbe ways in whickhe
students had difficulty with scientific practices. One implication of this work suggested
that teacher education programs should engage PTs in reflective practices. Engagement in
reflective practicesauld be one way of shifting attention from themselves towards
students and their ideas. In addition, engagement in reflective practices could promote
PTs to be more interpretive of student thinking, an essential skill they will need in their
future teacmg career.

The next investigation | conducted examined the second comporgsteddbping
an awareness of student thinkisgecifically interpreting student understanding.
Therefore, the focus of chapter 3 was to evaluate how PTs began to assess student
learning for understanding as it related to scientific content and scientific practices in
static student artifacts. My results indicated that the PTs began to see the
interconnectedness of assessing scientific content and scientific practices rather than
viewing them as separate entities. Further, | found that PTs bef@cus more on
assessing development as opposed to final achievement. They tended to compast pre
measures and used their analysis of the initial models to guide their instrudiiatea)ys

My results are encouraging to teacher education programs because these findings
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suggested that a key role in any program should be engaging PTs in these tasks of

anal yzing student work as part ofctd,he ref]l
PTs can potentially begin to move away fro
towards a more interpretive stance. Additionally, analyzing student work could provide

the PTs with more informative instructional moves that correspond to theirdse nt s 0
learning pattern.

In the final investigation conducted, | examined how the three components of
developing an awareness of student thinkapgcifically attending, interpreting, and
hypothetically responding, changed over the course of the teadbeation program by
analyzing the PTs 0 dfoundthagRrIetended fo besirttespteiveat mo
in their analyses of student thinking which was surprising since others, such as Morris,

(2006), observed PTs to be more descriptive. Addktig, | noticed that as the teacher
education program progressed the PTs became more explicit and detailed in their
hypothetical follow up lessons and the lessons were more connected to their analyses of
the student artifacts. Again, this was surprisimge Jacobs et al, (2010) found that PTs

did not know how to help students ameliorate misunderstandings.

The second focus of this investigation was examining similarities and differences
bet ween PTs0 critiques of stauwdeenrts Omocdealtsi gqau
found that the experienced teachers did not view lessons as isolated events (as the PTs
had) but were connected to a bigger picture, such as the big idea of the unit. Moreover,
the experienced teachers were better able to break dodemsthinking into the

sequence of concepts that the students need to learn in order to understand the topic.
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Based on the results of all three investigations, it is evident that PTs do account
for student ideas to varying degrees. Further, it seeme®lsatended to become more
cognizant and interpretive of student understanding as the teacher education progressed.
Although there are some differences between how the PTs and experienced inquiry
teachers assessed student learning, the results sugbestedis do take into account
student ideas when reflecting on lessons as well as analyzing static student artifacts. This
IS encouraging to teacher educators because previous research has suggested that PTs do
not account for students and their ideas wifesigning lessons. It seemed that engaging
in reflective practices, whether it is reflecting on lessons taught or analyzing static
artifacts for understanding, is beneficial to teveloping an awareness of student
thinking

5.2 Future Research

Based o thefindings of this work, two areas of study warrant further
investigation: (a) further investigation of frames or lenses of analyses using a larger
sample size and (b) a longitudinal study that follows the PTs into the first two years of in
service teahing. Expanding the sample size of PTs would enable researchers to
determine what other types of frames or lenses PTs use when reflecting on lessons.
Currently, we have been able to characterize six frames with varying degrees of attention
to student tmking; however, using a larger sample size would provide a more thorough
analysis of what other frames, if any, PTs may employ.

In addition, following the PTs into the first two years oservice teaching will
be informative for several reasons. Fiistyould be interesting to examine how the

frames the PTs employed changed or developed over the course of this two year time
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frame. Next, this investigation would be a
student ideas guided future instructional gdesFinally, this study would be able to
examine how PTsd6 PCK, specifically attenti
teacher education program to their first years of teaching. Overall, a longitudinal study

would provide a more complete pictuieta how the precursors of noticing changed or

developed into the practices of noticing.
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Appendix A

Cellular Division Model Set

Model #1:

@)

\:»..\

Afler

When you get a cut then after a week a scab forms on it. | know this because | saw
pictures of scabs ad when | look with a microscope you can see the scabs.



123

Model #2:

/ AL
cds |
dvite Mew cf\g o\ Yetter

When you get a cut then the skin cells that are not cut multiply. The cells multiply to
make new cells that heal the cut so your skin is better.
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Model #3:

Sk peaccd
5 : Lip

cot

When you get cut the cells are broken and die. The cells near them grow bigger and
fatter to fill the space. | know this is right because after a cut the healed skin is very
smooth and stretched because the cells in it expanded.
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Appendix B

Density Model Set

R 1

Model #1:

wa\«‘

When it gets very cold water turns to ice. The ice floats on the water. | know because big
icebergs are always more under the water than on top. You can only see the tip of the iceberg.
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Model #2:

When water molecules arecold KS& R2y Qi Y2@S | 20 yR (KSe ad
spaces with air in it so if floats on water.
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Model #3:

Water molecules in ice become smaller and are less dense and they stick together to make ice. |
know this because when it getgery cold outside stuff shrinks, like metal and because ice floats
it must have small and shrunked molecules.



