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Abstract

A teachers’ ability to notice and analyse the substance of student thinking, is
an important feature of effective science teaching. To prepare new science
teachers to attend to students’ thinking, it is important for teacher educators
to first understand what novice teachers notice in science classrooms, what
they associate with the idea of noticing and in what ways their noticing skills
can progress. To study novice teachers’ noticing abilities, our study employs
two different assessment tools, an open noticing assignment and a focused
noticing task as pre and post assessments during a semester long science me-
thods course. We report on a variety of noticing themes that highlight a wide
variation in what the novice teachers perceive as important to notice in
science classrooms. Pre-post analysis of these noticing themes suggests a shift
in noticing from general classroom aspects towards noticing science specific
aspects as science topics or concepts being discussed and students’ ideas
about those. Using a mixed methods analysis lens for both tools, we present
various sophistication levels of teacher noticing. These levels not just serve as
an indicator of the PSTs’ noticing skills but also as a framework for educators
to help PSTs develop responsive teaching strategies in elementary science
classrooms.

Keywords

Teacher Noticing in Science, Pre-Service Teacher Education,
Elementary Science Education, Responsive Teaching in Science

1. Introduction and Rationale

An important feature of effective science teaching is the teachers’ ability to at-
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tend to student thinking (Berland & Riser, 2009; Windschitl, Thompson, &
Braaten, 2011). The practice of attending to student thinking, positions student
ideas to form basis of meaningful learning in classrooms. It requires teachers to
attend to student thinking in ways that it could contribute to scientific sense
making and knowledge building while avoiding the pitfalls of viewing students’
science ideas as “correct” or “incorrect” (Coffey, Hammer, Levin, & Grant,
2011). To support students’ ideas and channel them towards knowledge build-
ing, teachers need to acquire a skill set that includes learning to notice, analyze
and then respond to student ideas. The practice of attending to student thinking
is an essential step towards moving away from the static view of teaching science
as delivering facts and information. Rather develop an evolved view of teaching
and learning science as facilitating active student engagement in the scientific
sense making process. Being able to notice and analyze student ideas is a
pre-requisite to be able to respond to them and is deemed essential to responsive
teaching in science classrooms (Levin, Hammer, & Coffey, 2009). We draw from
Robertson, Scherr and Hammer’s (2015) views of teacher noticing as “a stance
towards student ideas” and focus on noticing and analyzing skills in science
classrooms specific to student thinking. Learning to notice is, however, not ob-
vious (Ball, 2011). The skills of noticing, analyzing and responding to student
ideas, demand know-how of scientific disciplinary knowledge (McNeill, 2009;
Zangori, Forbes, & Biggers, 2013), content knowledge for teaching and peda-
gogical content knowledge (Ball, Thames, & Phelps, 2008). Also, an under-
standing of what it means to notice student thinking and its purpose is essential
to its implementation in classrooms and requires significant training and sup-
port.

The demands and challenges around learning to notice, point to the benefits
of early career training for new teachers. Levin, Hammer, & Coffey (2009) in
study of responsive teaching reveals that when trained and encouraged, even no-
vice teachers can attend and respond to student thinking as it plays out in a
classroom. Their study emphasizes the need for scaffolds to help teachers devel-
op skill set essential to be able to attend to student thinking.

We hypothesize that to support and effectively prepare teachers, educators
need to understand what novices associate with the idea of noticing, what they
notice and in what ways their noticing skills can progress. This can potentially
enhance the science noticing framework for novice teachers learning and help
teacher educators make informed decisions around preparing new elementary
teachers of science to adapt instructions in response to student thinking. Teacher
training programs offer an ideal site for studying early noticing practices of no-
vice teachers and provide support for teachers early in their career to develop
skills of noticing. In light of the arguments presented above, we propose to in-
vestigate the following research questions:

1) What do elementary pre-service teachers perceive as essential or important
to notice in science classrooms?

2) To what extent and how, do pre-service teachers develop expertise in no-
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ticing skills?

Our study attempts to understand pre-service teacher noticing skills in science
classrooms and hence advance responsive teaching practices. To situate our
study, we first present the theoretical framework of responsive teaching, teacher
noticing and use of videos in teacher education that provide the guidance frames
for our study. Next, we present the study design that includes the study context,
participant details and the tools employed for the data collection. This is fol-
lowed by our results and discussion section. We conclude with limitations and

potential implications of our study.

2. Theoretical and Empirical Foundations

Science education reforms and the hence proposed new science standards
(NGSS Lead States, 2013) call for student engagement in the eight practices of
science and engineering, that include some as asking questions, developing and
conducting investigations and constructing scientific explanations towards ef-
fective participation in science inquiry. The eight practices are proposed to me-
diate active student engagement in sense making and knowledge building to en-
gage in science inquiry (Schwarz, Passmore, & Reiser 2017). To facilitate mea-
ningful student engagement in these practices, it is essential that teachers attend
to students’ thinking as it evolves in a classroom. The instructional support re-
quired needs to prioritize student ideas. Responsive teaching is an instructional
strategy that involves shaping instructions in response to students’ thinking
during inquiry (Hammer, Goldberg, & Fargason, 2012; Levin, Hammer, Elby, &
Coftey, 2012; Maskiewicz & Winters, 2012) and hence has the potential to ad-
dress the new demands. The strategy prioritizes paying attention to student
thinking and then developing instructional moves based on it in ways that would
facilitate the coordination of 1) engaging students in the pursuit of an explana-
tion of a phenomenon and then 2) supporting them in their pursuit (Hammer,
1997). Responsive teaching involves adapting teaching plans and objectives
within a lesson while working towards larger learning goals. And hence the strate-
gy and the required set of teacher practices differ from conventional practices of
lesson planning that first give attention to the established body of knowledge.

In our study, we draw on the responsive teaching framework, the essence of
which is noticing student thinking. Noticing is valuable because it is the first step
in interpreting student thought and appropriately responding to it. Effective no-
ticing skills allow teachers to better understand student thinking and cater the
curriculum to progress scientific inquiry. It forces teachers to develop an evolved
stance towards students thinking and do things differently, rather than following
an established set of instructional plans. The ability to notice student thinking is
an important characteristic of teachers’ professional vision (Sherin & Van Es,
2009). Developing a professional vision for teachers involves using an evolved lens
to “see” how a lesson is progresses, interpret student ideas during instruction and
further make pedagogical decisions during instruction (Sherin, 2001, 2007).

Teacher noticing and responding does take effort and reflection, which maybe
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a potential reason for its infrequent implementation (Hammer et al., 2012; Van
Es & Sherin, 2008). Recognizing the importance and the challenges of teacher
noticing, many researchers have focused on examining different aspects of in-service
teacher noticing (Borko, Jacobs, Eiteljorg, & Pittman, 2008; Jaber, 2014; Jacobs,
Lamb, & Philipp, 2010). Sherin and Van Es (2009) study the use classroom vid-
eos with mathematics teachers to support them in learning to notice. Their study
discusses the importance of helping teaching teachers identify what is important
to identify in a teaching situation, make connections between specific events and
broader principles of teaching and learning and to use what one knows about the
context to reason about a situation. Studies have also explored teachers’ noticing
of students’ science ideas and its’ alignment with canonical disciplinary know-
ledge (Black, Harrison, Lee, Marshall, & William, 2003; Covitt, Caplan, & Cano,
2018; Furtak, 2012; Furtak & Heredia, 2014). Though we recognize the value of
these studies, we consider that to support responsive teaching in science class-
rooms, it’s essential to move away from just aligning student ideas with discipli-
nary knowledge. Often this practice leads to teachers categorizing student
science ideas or responses as “correct” or “incorrect” and that in turn restricts
them from attending to the substance of student thinking. Similar studies on
teacher noticing have reported improvement in teachers noticing skills, pro-
gressing from descriptions and evaluations, to making at least some call-outs
and connecting them to teaching principles with evidence (Van Es et al., 2017;
Van Es & Sherin, 2008; Van Es & Sherin, 2002; Van Es & Barnhart, 2015; Luna et
al., 2018). This progression is however closely tied to careful scaffolds provided
to the teachers either through courses, discussions, software, videos, etc. (Van Es
et al., 2017; Van Es & Sherin, 2008; Van Es & Sherin, 2002). We found that most
reported studies insist on various forms of scaffolds to support teacher reflection
on their noticing and interpretation of student thinking.

Studies that focus on pre service teachers, characterize novice teacher noticing
skills when they examine student work (Luna, Selmer, & Rye, 2018), other
teacher’s instruction (Mitchell & Marin, 2015; Star & Strickland, 2008; Talan-
quer, Tomanek, & Novodvorsky, 2013) or analyze videos of their peer teaching
rehearsals (Benedict-Chambers & Aram, 2017) to help novice teachers notice is-
sues of practice related to ambitious science teaching (Lampert et al., 2013). For
novice teachers, who are still developing their understanding of teaching prac-
tices, pedagogical and content knowledge for teaching and classroom manage-
ment, learning to notice, is definitely not obvious. It calls for scaffolds to help
pre-service teachers develop noticing skills as well as understand the purpose of
noticing. And for teacher educators hence it is imperative to advance their
knowledge and understanding of how to support and train teachers to attend to
student thinking.

The field of teacher education acknowledges the role of videos as a helpful tool
to support in-service and pre-service teacher learning (Van Es, Cashen, Barn-
hart, & Auger, 2017; Van Es & Sherin, 2008; Van Es & Sherin, 2002; Levin et al.,
2009; Van Es & Barnhart, 2015; Luna et al., 2018). Videos can be paused,
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re-watched, and rewound to see different interactions taking place in the class-
room making them one of the most easily accessible tools to examine teacher
noticing (Van Es & Sherin, 2002). By having a video as opposed to an observer
or field notes, teachers can see what is happening through a different analytical
lens that can help them better focus on students’ content knowledge, their ideas
and science practices.

Sherin’s work on developing professional vision (2001) uses classroom videos
that capture the richness of classroom interactions, to provide teachers with op-
portunities to observe and reflect on the interactions. The study highlights that
participation in video reflection helps mathematics teachers pay close attention
to student thinking and reason about what they notice. Several other research
groups have also investigated distinct approaches to using student video in
pre-service teacher education. VAST (Video Analysis Support Tool), is a soft-
ware tool designed to provide support to mathematics teachers as they learn to
notice and analyze features of classroom interaction (Van Es & Sherin, 2002;
Sherin & Van Es 2009). The study has reported changes in high school pre-service
teachers’ skills of noticing and interpretations, over time. Star and Strickland
(2008) have administered video-based assessments to pre-service teachers both
before and after they completed a secondary mathematics methods course. Their
study reported improvements in the PSTs ability to notice features of classroom
environment, classroom management, mathematical content, mathematical
tasks, and student communication. We draw from these studies to inform the
design of our video based assessment tools to unpack PSTs noticing skills in

elementary science classrooms.

3. Study Design

Context and Participants

The study was conducted at a large public university with 34 pre-service
teacher participants. The participants were enrolled in a graduate level, elemen-
tary teacher licensure program. They held bachelor’s degrees in a range of dis-
ciplines but had limited college coursework in science disciplines. 13 of the
pre-service teachers took the science methods class during the spring semester
while the remaining 21 took the same course in the following fall semester. We
refer to this combined group of participants as the pre-service teachers, or
“PSTs”. The structure for the semester long science methods course and the in-
structor (the first author) was the same for both semesters. The science methods
course explores theoretical and practical perspectives on teaching elementary
science and engineering in grades one to six. It aims to enable participants to
create classroom environments that promote inquiry and design, and make
science and engineering accessible to all students.

The data for this study primarily came from two different assessment tools, a)
open noticing assignment, and b) focused noticing task, both administered at

different points during the science methods course. Below, we present an over-
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view of the two assessment tools, its administration and data analysis techniques
used.

Tools

1) Open Noticing Assignment

The Open noticing assignment was administered in class at two different
points of the methods course. It was first administered as a pre-course task and
then later during the last session of the course. For the assignment the PSTs first
watched a classroom video from a published source, and then respond to specific
prompts. A transcript was given to the PSTs before they saw the videos. They
could take notes, if needed. The video focused on whole class student discussion
around a science concept. Though the discussion was teacher facilitated, it was
not teacher led. After watching the video the PSTs responded individually to the
question, what do you notice in this science classroom? The question was open
ended because we wanted to get an unbiased response to help answer our first
research question of what PSTs think is important to notice. Next, the teachers
were asked to identify instances from their noticing, where students might need
support and suggest immediate moves or scaffolds to respond to students’
thinking. The purpose of this assignment was to train novice teachers to notice
the substance of students’ thinking and further help them respond to their
thinking by providing suitable scaffolds. For the purpose of this study, we focus
only on PST responses to the first question. In between the two assessment
points, the instructor included a session on responsive teaching that was based
on a modified and condensed version of the responsive teaching in science free
online PD resources.

To analyze the open noticing assignment data, first we de-identified all the
PST responses. The pre and post responses were combined randomly on a mas-
ter sheet and assigned a unique numeric code. For the first around of analysis,
two researchers independently analyzed the data. The focus of this first round of
analysis was to identify what the PSTs pay attention to in a science classroom.
The researchers categorized the responses in different themes in order to capture
the essential aspects of PST's noticing. Next, we compared the theses, looking for
similarities that we decided to keep. We discussed the differences found and
consolidated them into a new set of themes. With this, we had a consolidated set
of categories or themes of what PST notice with definitions and examples that
fell into each. The two authors of the paper did the primary analysis. For the
next round of analysis, a different researcher analyzed the data along with the
first two. We once again independently analyzed the data against our noticing
themes using its definitions. The entire set of data was coded, and we found an
overall 93% inter-rater reliability amongst the three researchers. For any con-
flicts, we revisited the responses and agreed on the themes they should fall in. At
this point no new themes were added. Rather, adjustments were made to the
theme definitions to better convey the meaning. Table 1, in the results section

presents these themes. These themes and the pre-post patterns in them, help
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Table 1. PST noticing themes with corresponding description and examples.

Teacher Noticing Themes

Description

Examples of PST responses

A. Student behavior and
classroom management

B. Teacher facilitation and
attitude

C. Gender dynamics

D. Student ideas

E. Critique of student ideas
without reasoning

F. Make sense of student
ideas

G. Overarching science topic
or science discipline

PST response includes student/s classroom behavior (how
students talk and behave) and/or classroom setting as
whole group settings, small group settings.

a. PST response includes teacher moves or teacher
facilitation. The response may or may not critique the
teacher move as good/bad.

b. PST response includes a suggestion for potential
teacher moves.

c. PST response includes a comment on nature of teacher
attitude.

PST response includes a description of the observed
gender based participation in the classroom and/or makes
a suggestion for the same.

a. PST response includes a direct quote where the student
expresses her/his science ideas OR the corresponding
line numbers from transcript.

b. PST response includes a rephrased version of the
student science ideas.

a. PST response includes a critique of a student idea as
complete/incomplete or correct/incorrect however
without any reasoning for the critique or any
elaboration on student ideas.

b. PST response includes a comment on nature of
students’ participation (frequency of their participation
or quality of their language used).

a. PST response includes an attempt to describe the
student ideas about a topic.

=

PST response includes an attempt to describe the
student ideas about a topic and further critiques it as
correct/incorrect or complete/incomplete.

a. PST response mentions the overarching or central
science idea.

o

. PST response only mentions a specific discipline or a
science word.

—

. Whole class discussion; students talking.

»

Students talking over each other, no
classroom expectations around sharing.

—

. Teacher promotes student agency in talk.

[ 38}

. The teacher is good at controlling students
during group discussions.

—_

. Teacher should make them listen to each
other respectfully.

—_

. Teacher is laid back.
. Teacher seems relaxed.

(S8

—

. Boys are talking more and the girls don’t
seem interested.

[ S8}

. Girls should be encouraged to participate.

Line 23, student is talking about her ideas.

Student uses the analogy of penguins sticking
to each other to explain the state of ice
molecules.

1. Student A expresses his ideas but they are
incorrect.

2. Student B has correct science ideas about
water cycle.

1. Student B shares lot of ideas.
2. Student A uses good terminology.

Student is describing the motion of the top. She
is trying to use science terms as “force” to
describe the motion.

Student A is trying to explain the motion of a
top by comparing it to an old man. He is able
to use the analogy to correctly describe the
observed motion of the top.

The class is discussing water cycle.
1. Physics, science, math

2. Students used the physics words like force,
friction, etc.

answer our first research question.
2) Focused Noticing Task

The focused noticing task is based on the video case diagnosis (VCD) task, a
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quantitative assessment tool to map the evolution of PSTs engineering teaching
responsiveness (Dalvi & Wendell, 2017).

The VCD task involves the PSTs first watching a student video. This video
focuses on students engaged in solving a design challenge with minimum adult
intervention. The videos are usually 5 - 6 minutes in duration. The PSTs are
given a transcript before they see the videos and can take notes on it as needed.
Next, they are given 30 minutes to respond to a questionnaire. This question-
naire asks them to list a) student science ideas they notice, b) students’ engi-
neering practices, and then asks them to c) suggest teacher moves to help devel-
op student ideas and practices. The VCD was administered as pre and post as-
sessment tool, on the first and the last day of the course. The student responses
were graded as per the rubric developed as part of a previously published study
(Dalvi & Wendell, 2017) where a PST response for noticing student ideas could
score between one-four points based on completeness in noticing the science
idea. For the purpose of this study and the focused noticing task, we focus on
student responses only to the first part of the questionnaire that asks the PSTs to
list any students’ science ideas they notice in the video and provide evidence for
it.

The focused noticing task differs from the open noticing assignment in two
important ways. First, both the tasks present PSTs with different classroom situ-
ation to analyze. The focused noticing task uses videos of small groups of stu-
dents working to solve an engineering design challenge. The videos do not in-
clude any adult/teacher intervention. Whereas the open noticing videos include
whole class discussion sessions around a science concept or phenomenon facili-
tated by the teacher. Secondly, the open noticing assignment asks the PSTs an
open-ended question, what do you notice in the science classroom in the video?
On the other hand, the focused noticing task asks the PSTs to list students’ ideas
of science that they notice. The specific nature of this question directs the PSTs
to notice students’ science ideas. While the open noticing responses helps us
identify how PSTs prioritize noticing in science classrooms, the focused noticing
task gives us an insight into what the PSTs interpret as students’ science ideas.
Together, we believe the tools would help us unpack the early noticing and in-
terpreting habits of novice teachers in science classrooms and help answer the

second research question.

4. Results and Discussion

In this section, we present our results from the two assessment tools, open and
focused noticing, followed by discussions around it. We believe this way of
presentation will better convey our ideas. We share our results in the same order
that we analyzed data.

Open Noticing Assignment

To answer our first research question, we first present the various PST notic-

ing themes and then the shifts we observed in these themes from pre to post.

DOI: 10.4236/ce.2019.102027

339 Creative Education


https://doi.org/10.4236/ce.2019.102027

T. Dalvi, A. Hofmann

1) Our analysis of this task presents various noticing themes that capture what
novice teachers deem as important to notice in the science classroom. Table one
includes six major themes and sub themes of novice teacher noticing, a descrip-
tion for each theme and examples for each.

2) The shift in PSTs noticing themes over time.

Here we present pre-post analysis of PST responses that captures a shift in
PST’s noticing skills. Figure 1 shows the number of PST responses that fall in
each theme for pre and post task. To share our results, we discuss the shift from
pre to post for each of the noticing themes.

e Theme A. Student behavior and classroom management.

Figure 1 indicates that for the pre-course task, 19% of the teacher responses
fell into this theme, making this as one of the most prominent noticing themes
for PSTs. The noticing frequency however drops to 3% for the post course task.
The beginning of the course when this task was administered the PSTs are in
their first semester of the graduate licensure program and also the start of their
in-school practicum experience. Also, other course work during this introduc-
tory semester is highly focused on student classroom behavior, classroom envi-
ronments, and classroom management. For most students enrolled in this program
with limited exposure to science, this is their first formal classroom experience as a
science teacher or observer. The classroom settings, student behavior and aspects of
classroom management, are the few immediate observable things for these novices.
These might be potential reasons for prominent contribution to this theme for the
pre-course task. However, training in science methods, sustained experiences in
classrooms, focused sessions on responsive science teaching during science me-
thods course, may be responsible for PSTs shift in focus towards the end of the
course where the contribution to this theme significantly drops.

e Theme B. Teacher facilitation and attitude.

This theme has three subcategories, a) noticing what the classroom teacher
30 4
25

20 | i Pre course W Post course

15 4

10 -

Percentage of PST responses for each category

A Ba Bb Bc C Da Db Ea Eb Fa Fb Ga Gb
Teacher noticing these for Responsive teaching task

Figure 1. Graph representing a pre-post shift in PST noticing themes.

DOI: 10.4236/ce.2019.102027

340 Creative Education


https://doi.org/10.4236/ce.2019.102027

T. Dalvi, A. Hofmann

does (how they facilitate, what they say), b) making suggestions for potential
teacher moves and c) noticing teacher attitude, how they appear (example: laid
back). For the pre-course task, a total of 19% PST responses fall in this theme
with ~9% of PSTs noting what the teacher does (category a), ~7% of the PSTs
suggesting teacher moves (category b) and 2% of the PSTs noting teacher atti-
tude (category c). For pre course, this theme is still one of the most prominent
themes with PSTs focusing on the “teacher” in science classrooms. Also, none of
the noticing aspects focus on or point to any science specific teacher facilitation.
For the post course task, the overall contribution to this theme falls to 7%. For
post course, very few (~1.4% responses) PSTs notice what the teacher does (faci-
litation) in the video. And none of the PSTs point to the classroom teacher atti-
tude. The major contribution to the post course comes from PSTs attempting to
suggest potential teacher moves (~6% subcategory b).

The overall drop in responses for this theme may suggest that the PSTs are
shifting focus away from the teachers. This is essential towards developing a
stance where PSTs learn to pay attention to students’ ideas. Still majority of post
course responses for this theme indicate that even when asked to notice, PSTs
suggest potential teacher moves and are make suggestions for improvements.
This may indicate that the PSTs try to notice for instances where better scaffolds
are required for student learning or realize the potential purpose of noticing.
However an understanding of what is important to notice in science classroom is
not obvious.

e Theme C. Gender dynamics.

The figure indicates that for pre-course task, 11% PST responses fall in this
theme. PSTs attention to gender specific participation may indicate that they are
aware and sensitive towards the need for girls to participate more in science
classrooms. However, for post-course task, none of the PST responses fall in this
theme. This may seem like a disturbing result with equity in science classrooms
being an important aspect that needs teacher and educator attention. However,
the task asked PSTs for the most important things they noticed in science class-
room, and this was after focused training to guide them to pay attention to stu-
dents’ thinking, ideas and making sense of what they say throughout the science
methods course. Given this, we believe, it is valid to see this shift in PST notic-
ing.

e Theme D. Student ideas.

This theme has two subcategories, a) noting direct quotes of student talk or
corresponding line numbers from the transcript and b) including rephrased ver-
sion of student ideas. For pre-course task, a total 7% of PST responses fall in this
category, with almost equal contribution from each of the two subcategories.
The pre-course task shows a very small number of PSTs paying noticing the
student ideas that includes either direct quotes of student talk or corresponding
line numbers from the transcript or rephrased student ideas. However, contribu-

tion to this theme significantly increases to 33% for the post-task. There is a
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considerable increase in PSTs noticing of student ideas, both in stating direct
quotes (subcategory a (~18%)) and rephrasing student ideas (subcategory b
(~15%)). This indicates that for novices, paying attention to what students’ say
or student ideas is not an obvious. However with training and support, more
PSTs are shifting their focus away from other classroom aspects and focusing
more on students and are paying attention to students’ ideas. We realize, that
this is not enough evidence to say that they attend to substance of student
thinking, however the PSTs do focus on what the students say, student ideas and
hence show their readiness to further analyze student thinking.

e Theme E. Critique of student ideas without reasoning.

This theme has two subcategories, a) PSTs critique a student idea without any
reason for their critique and b) PSTs comment on nature of student participa-
tion. For the pre-course task, entire contribution of 16% for this theme comes
from subcategory b. Although the PSTs notice student participation in discus-
sions they do not elaborate on student science ideas or what they say (related to
science). For post task however there is a drop in the number of PST responses
that comment of nature of student participation (5%). And we observe that now
there are 10% of PST responses that also fall into the subcategory a. Here the
PSTs critique a student idea as complete/incomplete or correct/incorrect how-
ever without any reasoning for the critique. Either does not indicate PST's un-
packing the substance of student thinking, however they take notice of what the
students say or their ideas. The shift in noticing where the PSTs are starting to
focus on what students say rather than how frequently they say something or
quality of language they use, for this theme could be taken as the PSTs beginning
of learning to focus on student ideas.

e Theme F. Make sense of student ideas.

This theme has two subcategories, a) PST attempts to explain or elaborate on
students’ science idea and b) PST attempts to explain students’ science ideas and
further critique it as complete/incomplete or correct/incorrect. For pre-task,
none of the PST responses fall in this theme. This drastically changes for the post
task with a total of 16% of PST responses falling in this theme. Out of those, 10%
fall in subcategory a, while 6% responses fall under b. The significant shift in
PST noticing from pre to post task, is evidence that PSTs can pay attention to
student ideas and make an attempt to make sense of those ideas. It indicates the
ability of PSTs to develop essential noticing skills to support students’ participa-
tion in scientific sense making and knowledge building.

e Theme G. Overarching science topic or science discipline.

This theme has two subcategories, a) PST response mentions the overarching
or central science idea and b) PST response mentions a specific discipline or a
science word they hear in the video. The figure one shows that most responses
both for pre (approx. 26% total: 18.5% for a, and 7.4% for b) and post (24% all
for a) tasks fall into category. For the pre-course task, 7.4% of PST responses

mention a science discipline (example: physics) or provide isolated science
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words they notice in the video. There is however, a complete drop observed
during the post-course task for this sub category. The entire contribution for
post-course task to this category comes from a, where PSTs notice and mention
the overarching science topic, central to the discussion in the video. This change
suggests that specificity in noticing skills is increasing through the course.

The overall pre-post analysis for what the PSTs deem as important to be no-
ticed in science classrooms, reveals a shift in the focus of PST’s noticing towards
students’ ideas. Figure 1 shows higher frequencies for theme A, B, C and G for
pre-course that affirms that paying attention to student ideas and making sense
of those is not an obvious skill for novice teachers. Furthermore these themes
present an elaborate scenario of what are the aspects that PST's readily notice. At
the same time Figure 1 highlights a shift in PSTs noticing with higher post
course frequencies for themes D, E and F, all focused on students’ ideas. Each of
those themes and their subthemes capture differences in quality of PST noticing
about the students’ ideas. Specifically, the extent to which the PSTs make sense
of what the student is saying and evaluation of it contributes to meaningful
science learning. The variation observed in the categories also brings to our at-
tention a) the PSTs use different lenses to look at student ideas. Noticing student
ideas could mean noticing what the student literally says, hearing any relevant
content specific word that a student uses, or noticing student participation or the
overall science topic being discussed in class. b) That the initial naive lens being
exhibited through the pre-course task evolves into a sophisticated lens for stu-
dent noticing that focuses more on evaluating the essence of student thinking.

Focused Noticing Task

The focused noticing task requires the PST's to list science topics and student
ideas about those topics that they notice. It is important to state that the tool
does not evaluate a PST's ability to look for alignment of students’ science ideas
with the disciplinary knowledge. Rather, our intent is to explore how PSTs make
sense of students’ science ideas. We analyzed the PST responses to look for how
they notice students’ science ideas and to what extent they attempt to analyze
those. And further study corresponding shifts in those from pre to post.

Figure 2 shows the percentage of PST responses for each score for both, pre
and post tasks and a significant shift in percentage of responses for each score.
During the pre-course assessment, 33% of the PSTs who scored zero either did
not respond or stated names of broad fields of science, such as physics or chemi-
stry. This may imply that PSTs may be confusing the term science ideas for
science sub-disciplines like physics. Although it is not incorrect to point to a
specific sub-discipline, in the given context of the question asked, it may point
towards PSTs insufficient understanding of what is meant by the term science
idea/s. For pre-course, a majority of PST responses (47%) score 1 point. PST
responses with a score of one point include relevant science topics discussed in
the video, but do not include any student ideas about the topic. For example

listing magnetism as the science topic. The frequency analysis tells us that most
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Figure 2. Graph representing pre-post score shift for focused response task.

PST responses fall under this score category. This indicates that most PSTs can
isolate the overarching important science ideas, such as magnetism or gravity, as
discussed by the students. The highest score achieved for the pre-course res-
ponses is two with 21% of PST responses. PST responses with a score of two
points include a science topic and a partial expression of students’ ideas about
the topic. For example, a response lists magnetism and includes the terms, mag-
nets—repulsion—attraction. The PST response does not fully capture the stu-
dents’ ideas about the topic. A full or a complete description of a students’
science idea includes an attempt (may be accurate or inaccurate) at a causal ex-
planation OR an observation of a phenomenon OR inference about a phenome-
non or behavior OR a description of how something works. However, it indi-
cates that the PSTs isolate science topics and also notice certain science ideas
about the topic being discussed by the students. At this point in the course, none
of the PSTs fully described any students’ science ideas.

This score scenario significantly changes for the post course assignment. None
of the PST responses score a zero. This may suggest that more PSTs are accu-
rately responding to this part of the questionnaire with their noticing ability
going beyond mentioning sub-disciplines of science. PSTs, at this point, identify
the overarching science topic or the central science ideas that are discussed in
the student video. A majority of the responses (41% with a score of 2) include
the specific science ideas being discussed and some description of the students’
ideas about it. We also note that at this point, 32% of PST responses scored a
three and a small yet a certain percentage (6%) of responses scored a four. A re-
sponse with a score of three points includes science topic and at least one fully
stated student science idea and a score of four points includes science topics and
two fully stated science ideas. This significant shift in scores during the post-course
task highlights PSTs evolved understanding of the term science ideas and their

readiness to notice students’ science ideas. And their detail articulation of stu-
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dents’ at least one science idea emphasizes an evolved sense of noticing in
science classrooms where they go beyond what is literally said and attempt to
makes sense of what the students say or what their ideas are.

To statistically assess the variation across the two points, pre and post me-
thods course, we used paired t-tests to compare individuals’ performance. We
report an increase in their average total score on the VCD (M, = 0.88; M, =
2.24; t (33) = 9.7140; p < 0.0001) that shows a significant shift in PSTs noticing
of students’ science ideas after their participation in the science methods course.

A Combined Lens to Track Evolving Stages of PST s Noticing Skills

In this section we simultaneously analyze the pre-post results from both the
tools to help answer our second research question to discuss the possible evolu-
tion in PST noticing skills.

Qualitative analysis of open noticing task responses reveals a wide range of
PSTs noticing themes as well as a shift in those from pre to post task. The most
prominently occurring themes for pre-course suggest that the PSTs were more
focused on noticing student behavior and classroom management, gender dy-
namics, central science topic being discussed and that they focused on quantita-
tive nature of student participation like how often a student said something with
no focus on what the student said. The most prominent noticing themes for post
course task include, noticing student ideas, noticing science ideas, critiquing
student responses and making sense of student ideas. This indicates a shift from
noticing more general classroom aspects to noticing science specific aspects of a
classroom as science ideas being discussed and students’ science ideas. Also, the
focused noticing task analysis reveals a significant positive shift in PST’s noticing
of students’ science ideas that inform us that with scaffolds PSTs can more fully
understand and make sense of students’ ideas during discussions. Results from
both tools suggest an evolutionary trend in PSTs ability to attend to student
thinking in science classrooms that is essential to teaching responsively. To bet-
ter understand this trend or progression we simultaneously analyze the results of
the two noticing tasks.

We first created a pre-course profile of each PST to include their open and
focused noticing task scores and also the noticing themes their open noticing
task responses fell in. Next, a post course profile was created to include the same
for each PST. For a significant (85%) number of these profiles, we found that
PSTs with same scores on focused noticing task had their responses for open no-
ticing task, fall in the same category of noticing themes. For example, for
pre-course profiles, all PSTs with a score 1 on VCD, noticed student behavior,
teacher attitude and gender-based participation in their RT responses. None
pointed to any student ideas or science concepts.

Analysis of the open response task noticing themes corresponding to their
focused response task scores in an increasing order, across pre and post, revealed
patterns across noticing themes. Also, majority of PSTs with a score 1 for fo-
cused noticing task (pre and post), had their open noticing task responses fall

under same themes. We organized these observed patterns in themes in an in-
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creasing order of focused noticing task scores across pre and post. The various
levels in order exhibit possible stages of sophistication in PSTs noticing skills in
science classroom, essential to engage in responsive teaching. Table 2 presents
the various levels of sophistication in noticing and include PST noticing charac-
teristics for each to include what the PSTs at that level pay attention to and do
not pay attention to in science classrooms.

We do not claim these levels to indicate a generalized progression in PSTs no-
ticing skills. Nor do we claim that a PST’s noticing will always follow this specific
linear pattern. We present these levels in an increasing order of sophistication
(beginning to expert) that is essential for teachers to develop to be able to adapt
instructions in response to student thinking. A PST’s beginning thinking can fall
into any level of sophistication. Also, it is not necessary that the individual PST’s
progress in noticing will follow each and every step of our levels. However, it
may inform us of a possible way in which PSTs or novice teachers can develop
their noticing skills. These levels can serve as an indicator of the PSTs’ noticing
skills. And can potentially help teacher educators understand the PSTs’ abilities
and help provide appropriate scaffolds responsively.

With increasing sophistication, we first observe that the focus of PST’s notic-
ing shifts from teachers to students. Next, the PSTs begin to look at the “how”
(how often) of student participation rather than the “who” (if it’s a girl or a boy).
They also begin to look for science ideas being discussed. As we move to the
higher level three, there is a definite focus on students and what they say. The
PSTs are not just focused on what the students explicitly say but also critique
student responses. However, their critique or feedback does not provide support
or scaffolds for learning. At the same time, it informs us of the PSTs possible at-

tempts at evaluating student responses that might indicate the PSTs readiness to

Table 2. PST noticing characteristics for various levels of sophistication in noticing.

Pre-service teacher science noticing characteristics

Level
PSTs focus on PSTs do not focus on
Students’ and teachers’ classroom behavior; gender specific Science ideas or student ideas.
0 participation; classroom norms and student participation patterns
as frequency of student talk.
Students’ classroom behavior, classroom norms and participation Teacher behavior and strategies
1 patterns. Big science idea/s or overarching science concepts being
discussed.
5 Students’ classroom participation, literal student responses. Big Students’ and teachers’ classroom behavior, classroom norms
science idea/s or overarching science concepts being discussed.
N Big science idea/s or overarching science concepts being discussed; The essence of student thinking
critiquing a student idea as “correct” or “incorrect”.
4 Attending to student ideas by aligning student ideas with Behavior patterns; classroom norms; categorizing student
disciplinary knowledge or their content knowledge. responses as correct or incorrect
Making sense of student thinking and then evaluating their Alignment of student response with scientific know how;
5 thinking for its ability and appropriateness to contribute to critiquing student ideas as “correct” or “incorrect”

scientific sense making in the given context of science discussion.
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make sense and evaluate student ideas and perhaps require scaffolds to do so.

We next observe a change and an increase on focus in attending to what stu-
dents think and evaluating it. We notice a trend in how PSTs evaluate student
ideas that we capture as different levels. For level four, the PSTs evaluate student
ideas based on their alignment with disciplinary knowledge. For level five that is
our most sophisticated level the PSTs evaluate student idea based on its potential
to contribute to sense making in classroom science discussions at that moment.
For example, a PST at an expert level notices ideas floated around by different
students, and attends to a few specific ideas among those which call for attention
based on their potential to contribute to scientifically rich and meaningful dis-
cussions. These are not necessarily “correct science ideas”. Rather, they are ideas
that can help students address misconceptions and/ or develop coherent science
ideas relevant to the classroom discussion context. By avoiding the pitfall of ca-
tegorizing a student idea as “correct” or “incorrect”, or aligning it with scientifi-
cally correct knowledge, the PSTs are learning to effectively notice student
thinking, an essential aspect of noticing for responsive teaching. Our data shows
that though small, a certain number of PSTs were able to attain this level. This
suggests that with proper scaffolds and training, developing sophisticated notic-
ing skills is not beyond the reach of novice teachers (Levin, Hammer, & Coffey,
2009).

We observe that as we move towards higher levels of sophistication, the PST's
focus less on obvious aspects of students’ behavior, classroom norms and
movement in and around classroom (Benedict-Chambers & Aram, 2017). Also,
they move away from observing the teacher behavior and facilitation towards
focusing more on students. And if they focus on teachers, their focus is on sug-
gesting potential teacher moves in response to what students say. This, we see as
an indicator of PSTs beginning to develop responsive teaching skills. For the be-
ginner levels 1-2-3, the focus on teachers and the teacher moves suggested, high-
light the PST's focus on general pedagogical moves and managing student atten-
tion and interests. These observations are in line with research work that ex-
plores the challenges in developing teachers’ ability to notice in productive ways
(Borko et al., 2008; Van Es, 2012). For these levels, there is very little PST focus
on science content and/or student learning of that science content.

For levels 2 and 3, characterized by PSTs focus on students it is however im-
portant to note that the PST responses that include student quotes or it’s reph-
rased versions do not necessarily suggest that they notice students’ thinking.
This suggests that though these levels shift, as drawn from post-course results,
PSTs pay little attention to student thinking (Star & Strickland, 2008). Hence, it
might be noteworthy to present these levels as levels of progression of PSTs no-
ticing. These may form the initial stages of teachers learning to attend to the
substance of student thinking.

The relation that we find between the low scores for focused noticing task and

limited noticing levels for open noticing tasks, highlights another important as-
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pect for teacher noticing. Elementary PST's limited science content background
(Knaggs & Sondergeld, 2015) impacts how they make sense of students’ ideas.
This relation between novice teachers owns science content and their noticing
skills, might be a potential reason why not many PSTs attain higher levels of so-

phistication in noticing.

5. Limitations

At this point, we present a few possible limitations of the study and our views on
those. First, the methods course included a high emphasis on developing res-
ponsive teaching skills within PSTs. Overall the course included dedicated mod-
ules and in-class discussions on responsive teaching. And hence, it might not be
surprising to see results that suggest a positive shift in PSTs noticing as essential
to responsive teaching. At the same time, our study design does not allow us to
make direct causal links between the methods course and the test results. The
specific aspect that we wish to point to is the diversity that exists in PSTs notic-
ing skills in science classrooms, and the possible levels that they can exhibit with
respect to it. An understanding of these levels of PSTs’ noticing skills is crucial
information for educators to train PST's noticing skills.

We also recognize that both assessment tools used for this study rely on stu-
dent videos. PSTs might miss noticing aspects of student thinking or student
work on video that they might have seen if they there in the classroom in person.
Exclusive use of videos might therefore restrict what they notice. While we rec-
ognize this as a possible limitation, we point to and draw from Sherin’s study of
teachers responding to student videos in the same way they respond to in person
classroom situations (Sherin & Han, 2004). It is also essential to point to the di-
versity in nature of videos used for the two assignments—one a whole class set-
ting with teacher intervention and the other student design discussions with no
adult intervention—this we believe presents teachers with different classroom
settings to analyze student work and thinking.

An essential point to recognize is that there was no quantitative data analysis
method employed for the open noticing task. And further there was no statistical
correlation established between the results for the two tools. However, our pri-
mary purpose of using the open noticing task was to look for the quality of
teacher responses and the possible range of teacher noticing as a prerequisite for
developing responsive teaching skills. Also, our analysis methods employed here
does not include looking for a specific change in noticing skills as a result of our
methods course. Rather using assessment results from the two tools together to
help identify different possible levels of PST noticing skills.

Also, we would also like to state that by no means does our study devalue the
role and importance of studying gender dynamics in science classrooms. As
stated earlier, an absence in the gender dynamics theme for noticing in the
post-test task might be an effect of the emphasis on the student thinking during

the course. Also, attending to the two aspects of being productive and being
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equitable in science classroom was beyond the scope of this study that calls for

more attention and ability.

6. Conclusions and Implications

Understanding the essence of students’ thinking and more so their scientific
thinking, is a skill to be acquired in order to effectively attend to students’ learn-
ing needs. This skill is however not obvious for novice elementary teachers.
Based on our findings, we draw following conclusions about PST's noticing skills
in elementary science classrooms and present strong implications for teacher
educators to support responsive teaching skills in PSTs.

Our study highlights a significant diversity in what PSTs perceive as impor-
tant to notice in science classrooms. The diversity ranges from obvious aspects,
such as classroom behavior, to critical features like substance of student think-
ing. Even if the PSTs notice students and what students say, there is little focus
on the substance of students’ thoughts. Their focus on less essential classroom
aspects may be a result of their insufficient understanding of the purpose of no-
ticing. Noticing includes listening to and making sense of students’ ideas, in or-
der to respond to the ideas with the potential to contribute to meaningful learn-
ing, to foster scientific discourse and promote student participation in practices.
It would not be without this perspective of noticing that teachers can respon-
sively adapt their instructions to suit students learning (Levin, Hammer, & Cof-
fery, 2009; Robertson, Scherr, & Hammer, 2015). And hence, an understanding
of noticing as a set of analytical skill set with a purpose of informing one’s in-
structional steps (in the moment or future) is important to be gained by the
PSTs.

Previous work on teacher noticing highlights the difficulty teachers face in
developing the ability to notice in productive ways (Borko et al., 2008; Van Es,
2012; Benedict-Chambers & Aram, 2017). Our study, in line with these, further
explores the potential reasons behind the challenges faced by novice teachers.
Our presentation of the various levels of sophistication in PST noticing, informs
teacher educators with a guiding framework to support PST noticing skills.
These levels also help provide a shared language around noticing skills for no-
vice teachers. Our study informs us of the different aspects of PST noticing or set
of perspectives they hold as they enter formal training. This, we believe, adds to
the research knowledge around novice teachers learning to notice. It provides
teacher educators with a reference frame to analyze their PSTs noticing skills
and further develop their responsive teaching skills. We believe our study to
have potential influence on both pre-service teacher training and professional
development for in-service elementary teachers of science to leverage their no-
ticing skills as essential to teaching responsively in science classrooms. PSTs en-
ter the teacher training programs with beliefs and ideas (Pajares, 1992) about
science, students, teaching and learning, and, more specifically, the teaching and

learning of science that influence and impact their teaching practices (Bryan,
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2003; FEick & Reed, 2002). It is essential that teacher educators consider PSTs’
prior educational beliefs and ideas to be able to support development of pros-
pective teachers’ pedagogical knowledge and skills. Our study informs the edu-
cators of the novice teachers’ ideas and noticing frames they use in science
classrooms. This in turn will allow the educators to make informed decisions
about training teachers to successfully train teachers to implement reform based
instructional strategies in science as responsive teaching. Our study thus at-
tempts to prepare teachers who can support the objectives of educational re-
forms towards creating scientifically literate individuals who can acquire scien-

tific knowledge as well as understanding the nature and process of science.
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