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Abstract: In the United States, teachers are often expected to use student assessment data to inform

their instructional decisions. This study explores how teachers’ collective reflections on students’

mathematical thinking are influenced by the specific contexts of their classroom, school, and current

events like the COVID-19 pandemic. The study uses audio recordings of a group of elementary

teachers’ reflections on student thinking through Cognitive Interview Reports. The results highlight

how teachers’ reflections on student data are heavily influenced by the shifting contexts of what is

important in the world of teaching due to the COVID-19 pandemic. This ultimately shaped what the

teachers were able to pay attention to in student data and what they identified as possible in their

future practice.

Keywords: teacher reflection; mathematics education; student thinking; figured worlds; elementary

mathematics

1. Introduction

To make a meaningful impact on students’ learning that addresses their specific needs,
scholars suggest that mathematics teachers use assessment data to inform their instructional
decisions [1] and adapt their instruction to respond to students’ current understanding [2].
Teaching in these ways is complex. Teachers need sets of supports, including developing
their own knowledge to make sense of students’ thinking and consider how to respond
next in their teaching [3,4].

When teachers are provided with tools to interpret students’ thinking, they can benefit
from having time to reflect on what they find in collaboration with colleagues [5]. There has
been a push in the United States to use tools and resources to make sense of how students
respond to a mathematics task (referred to in the United States as “student data”) and thus
interpret students’ understanding [6]. Research on teachers’ reflections about student data
often considers how teachers interpret it and make decisions [7,8] as well as how teachers’
school context [9] and broader societal context [10] can impact those interpretations. Thus,
studying how teachers interpret students’ mathematical learning and how their present
socially constructed context with particular meaning ascribed to certain actions (i.e., figured
worlds) [11] influence those interpretations is important.

In this paper, we share an analysis that examined how a group of elementary teachers
in the United States collectively reflected on reports of their students’ mathematical thinking.
We created reports called “Cognitive Interview Reports” at the beginning of the 2021–2022
school year after returning to in-person schooling following disrupted learning from
the COVID-19 pandemic. Mathematics education researchers crafted these reports to
capture students’ strategies in solving various mathematical tasks related to numbers
and operations in order to provide teachers with this information, which went beyond
what was typically captured in the assessments from their curriculum. The teachers were
trying to understand their new students’ current understandings, given the disruption
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in schooling the prior year due to the COVID-19 pandemic, and make sense of teaching
mathematics within new contextual constraints because of the pandemic. Thus, our aim
for this study was to understand who and what influenced teachers’ reflections of student
thinking based on the larger changes to teaching returning from the virtual teaching of
the pandemic. We see the use of figured worlds as a necessary framework for examining
teacher interpretations of student data that have the potential to provide new insights
into how teachers made sense of students’ mathematical thinking within their current
school and classroom context. The questions that guided our study were: How do teachers
collectively interpret student thinking through Cognitive Interview Reports? How do
the settings within which they work influence their interpretations? We hypothesize that
the new-figured world of teaching as a result of the COVID-19 pandemic has shaped
how teachers think about their classrooms and students, thus shaping their reflections on
student thinking.

2. Interpreting Student Thinking

Understanding student thinking is a key component of developing teacher learning
as it can direct teachers to pay attention to that thinking in their practice and inform their
future instruction. Rooney and Boud (2019) refer to this process as “informed decision
making” [12] (p. 441). Attention to student sensemaking to better support teacher decision-
making goes back decades to the model of Cognitively Guided Instruction [13,14]. We
thus view the Cognitive Interview Reports as a prompt that allows teachers to center their
interpretations on student ideas and strategies.

More recent research is focused on how teachers make sense of student thinking
by considering teachers’ in-the-moment reflections of the classroom [3] as well as how
teachers interpret assessments to inform future instruction [7,9]. Reflection has also been
incorporated into professional learning [15]. “Noticing” is one popular construct within
professional learning for understanding how teachers attend to the different features of
teaching and learning by making sense of student thinking in reflection [16,17]. Other
scholars have shown how providing teachers with opportunities for reflection allows for
better learning and space to develop better instructional practice [18]. While this paper
focuses on teachers’ interpretations of students’ mathematical thinking, other content areas
have also shown interest in making sense of teacher reflections about student thinking [19].

Additionally, we focus our attention more specifically on teachers’ interpretation of
student data. Since the implementation of the No Child Left Behind (NCLB) Act in the
United States, schools in the country have directed significant time and value to school
and instructional improvement through the analysis of data, such as test scores [1]. We
are particularly interested in how teachers use and interpret data differently from the era
of NCLB, given the continued federal mandates for standardized testing and the rise in
one-to-one computers for students in both elementary and secondary classrooms. Such
access to technology and educational platforms provides even more extensive data about
students’ mathematical thinking that could be collected. Our study uses a version of the
student work as the artifact of data through a Cognitive Interview Report intended to better
direct teachers to focus on student strategy use.

Given that teachers benefit from considering how to adapt instruction when they
collaboratively reflect on student thinking with one another [20,21], we want to apply this
approach to teachers’ reflections on student data specifically. Because research across the globe
has shown the importance of teacher collaboration for their teaching development [22–24], we
wanted to understand how teachers interacted with one another about what they noticed in
the Cognitive Interview Reports and how they worked together to make sense of students’
thinking [25]. We were curious about how they heard and engaged with perspectives from
their colleagues, some of which may be different from their own [26]. Thus, we analyzed
what teachers chose to discuss in their reflections and how they took up the reflections
and questions of their colleagues. As they collectively examined the Cognitive Interview
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Reports, they considered the implications of their current context in interpreting student
thinking as well as deciding possible responses.

Interpreting Student Thinking in Figured Worlds

Teachers’ surrounding context influences their interpretations of student thinking.
Thus, we find figured worlds [11] a useful construct for understanding what immediate fea-
tures of a teacher’s environment influence their ability to reflect on students’ mathematical
thinking as it attends to the meaning given to the different actors, actions, and artifacts in a
given environment. A figured world describes “a socially and culturally constructed realm
of interpretation in which particular characters and actors are recognized, significance is
assigned to certain acts, and particular outcomes are valued over others” [11] (p. 62).

In the figured world of schooling, interpreting student thinking does not happen in a
vacuum; it is framed by several experiences and contexts in which teachers work [27,28].
For example, Shabtay and Heyd-Metzuyanim (2018) found that teachers operating from
different figured worlds of schooling interpreted the same classroom event differently [28].
What strategies and tools teachers value in students’ mathematical thinking are built from
the figured world of schooling that ascribes legitimacy and meaning to particular actors,
actions, and artifacts. Figure 1 shows what features of the figured world of schooling
(different actors, actions, and artifacts) have been described as central across the liter-
ature [27,29–31]. In other words, these are the features of events and materials within
schooling that hold significance for how teachers engage in the work of teaching. The
socially and culturally constructed interpretations frame experiences for a group of teachers
as they collectively make sense of student thinking. In our analysis, we wanted to examine
what actors, actions, and artifacts are granted attention and legitimacy in teachers’ collective
reflections of students’ mathematical thinking when examining the reports. We believe that
teachers’ specific contexts shape their figured worlds and will influence the details of their
reflections on the Cognitive Interview Reports.

tt ff

tz
ff ff

ff

tt

Figure 1. Actors, actions, and artifacts relevant to the figured world of schooling.

Although schooling itself is its own figured world [29], we argue that nuances exist
with what makes up the figured world of a given school, shaped by time, policies, and
people. A recent and significant impact on the figured world of schooling is the COVID-19
pandemic, which introduced an increased use of computer-based programs for students’
in- and out-of-class work due to remote and hybrid learning [32,33]. This changed which
actors, actions, and artifacts had meaning in the school of the study participants.
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3. Materials and Methods

We conducted a qualitative analysis of teachers’ reflections on student thinking in a
mathematical assessment. This was performed by analyzing the transcribed audio record-
ings of each grade-level team’s conversation about the assessment through an inductive
coding process. To better make sense of the teachers’ reflections, we describe the context of
Rivers that prompted these assessments, the details of the assessment given to students,
and further information on the teachers’ reflections on the assessment below. Given our
interest in how teachers reflect on students’ mathematical thinking given their particular
figured world, our findings focus on the analysis of these teachers’ reflections.

This study is situated within a more extensive project between university teacher
educators and Rivers Elementary School to support classroom discussions. Rivers is a
public school situated in the Northeastern United States with 17 teachers, kindergarten
through 5th grade, and 372 enrolled students. At the time of the study, the teachers’ prior
teaching experience ranged from 4 to 29 years in general elementary education. At the
beginning of our partnership in 2021, students had just returned to classrooms after a
year-and-a-half of remote learning. School leaders and teachers grappled with how to teach
students in the best way while maintaining safety precautions. As a result, the district
adopted a computer-based mathematics curriculum for Rivers to use from the start of their
remote learning centered on a program’s pre-recorded videos and virtual assignments.
Although students returned to in-person learning, district leaders elected to have teachers
at Rivers and other schools in the district continue using the mathematics curriculum that
had been adopted for virtual learning; this meant that for a good portion of mathematics
instruction, students would complete virtual lessons alone on laptops with headphones.

3.1. Unpacking and Understanding Students’ Mathematical Thinking

Upon returning to in-person schooling, teachers were uncertain of the impact of the
disrupted learning environment on students’ opportunities to learn mathematics. To build
rapport with educators and get to know students at the beginning of a larger school-
university partnership, we offered to assist the teachers and school leaders in learning
about students’ current mathematical thinking. Thus, several university teacher educators,
including the authors, conducted cognitive interviews with every student who was present
within the three weeks that the interviews were given (spanning September and October).
A total of 334 students (90% of students at Rivers) participated in the interviews.

The cognitive interviews used were originally developed by Kazemi and colleagues,
though some of the contexts were modified slightly (see [34,35]). Kazemi and colleagues
(2016) explain that cognitive interview assessments, unlike typical assessments, provide
opportunities for educators to attend to the intricacies of students’ strategy use [34]. The
assessments consisted of 3–5 tasks for each student, with some modification in the number
values based on the student’s grade level according to the state mathematics standards [36].
Kindergarten students were given counting, join result unknown, and multiplication tasks.
First grade students were given a relational thinking task in addition to the same tasks as
kindergarten. Students between second and fifth grade completed a join change unknown,
multiplication, fair sharing, relational thinking, and division tasks. As students solved
their tasks, the teacher educator would ask questions to understand the student’s thought
processes and strategies as they worked. As students described their strategies, the teacher
educator recorded their responses directly on a student’s paper, near their representations.
An example of how we attended to students’ solution strategies for the join result unknown
and join change unknown tasks is presented in Table 1.
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Table 1. Sample tasks given in cognitive interviews.

Type of Task Task Possible Solution Strategies

Join Result Unknown
(K,1)

Keisha had 6 seashells. Her
friend gave her 7 seashells.

How many seashells does she
have in all?

Did not attempt
Invalid

Direct Model
Counting On
Derived fact

Recall

Join Change Unknown
(2–5)

Jayden had 38 a stickers. His
friend gave him some more

stickers. Now Jayden has 81 a

stickers. How many stickers
did his friend give him?

Did not attempt
Invalid

Direct Model by 1 s
Direct Model by 10 s

Count on by 1 s
Count on by 10 s

Invented Algorithm: Compensating
Invented Algorithm: Incremental
Only Used Standard Algorithm

Other
a Quantities were changed for each grade level (grade 2: 38, 81; grades 3–5: 38, 111).

3.1.1. Cognitive Interview Reports

After completing the cognitive interviews, the teacher education team coded each
task to identify the child’s strategy and whether they came to the correct answer (e.g.,
see possible solutions strategies in Table 1). We saw an opportunity to extend cognitive
interviews into a simple easy-to-read summary that could act as a tool to center teachers’
reflections on students’ mathematical thinking. Several studies point to the importance
of improving teachers’ attention to students’ mathematical thinking through the use of
different tools or support structures [4,5,37]. Once all the cognitive assessment items
were coded for each student and each task, Kendra Lomax (Kendra Lomax helped co-
develop this assessment approach (see [31,32]) with the first and third authors included
in the process to refine the reports) and two of the authors created a Cognitive Interview
Report for each classroom teacher. The reports consisted of an account of the strategies,
observations from student work, and recommendations. Each teacher received a copy
of their classroom’s Cognitive Interview Report as well as the opportunity to reflect on
its contents in grade-level meetings. An example of the main components of a report is
provided in Figure 2 for grade 2. Analysis of teachers’ conversations about the reports
highlights how teachers’ collective sensemaking about student thinking unfolds in the
context of their environment.

The data in the report showed the frequency of strategies that students used and the
accuracy of their answers for each task, as well as a detailed narrative of how subsets
of students engaged with the problem beyond showing correctness as in more typical
assessments. The Cognitive Interview Reports also contained recommendations for how to
support the group of students toward more elegant and sophisticated ways of reasoning,
which included suggestions for instructional activities teachers could engage in with
students. Finally, the Cognitive Interview Reports described what percentage of students
used the various strategies to solve each task, the percentage of students that used a valid
strategy (i.e., a strategy that could obtain a correct solution), and if the valid strategies
resulted in a correct response. The report template was set up such that information from
the student cognitive interviews could be entered and automatically generated as data
elements of the report. Such display generation means that in the future, teachers will
be able to create aspects of the Cognitive Interview Reports themselves after conducting
cognitive interviews.
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Figure 1
Sample Cognitive Interview Report

Join Change Unknown
Task
Jayden had 38 stickers. His friend gave him some more stickers.
Now Jayden has 81 stickers. How many stickers did his friend give him?

Data

Observations
● 14 students made sense of the problem context and used a “valid” strategy for

solving it–in other words, their strategy made sense for the situation and could
produce a correct answer.

● 11 students used a counting on strategy. This strategy is similar to direct modeling,
but a student that counted on for this problem would not need to build the 38; they
could instead imagine the 38 and count on from there, either by tens or ones.

Recommendations
● We want students to have a range of elegant and efficient strategies that they can

choose from as they solve problems. Class discussions in which students compare
and connect direct modeling, counting, and invented strategies can provide an
opportunity for students to make connections between their current thinking and
more efficient strategies The book Intentional Talk: How to Structure and Lead
Productive Mathematical Discussions is a good resource for planning and facilitating
these kinds of discussions.

Figure 2. Sample Cognitive Interview Report.

3.1.2. Debriefing Conversations about the Cognitive Interviews

Teachers in grade-level teams who taught first through fifth grade (the kindergarten
team was unable to meet with the facilitator to have a synchronous conversation due to
time constraints and elected to view the reports on their own) met with the first author to
discuss the reports during a weekly grade-level teacher workgroup meeting. During these
conversations, teachers had the opportunity to collectively view the reports alongside their
students’ work and reflect on their students’ mathematical thinking. The facilitator (first
author) asked teachers what stood out about their students’ strategies, often redirecting
teachers to focus on strategies used instead of correctness. For example, the facilitator
asked, “What are some things you are noticing?”, “What do these noticings make you
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think about in relation to what happens in class?”, or (when a constraint or challenge is
identified) “How can we support students in [challenge teachers identified]?”.

The first-, second-, and fourth-grade teachers were willing to have the conversation
recorded, which was then transcribed. We first met with the fourth-grade team and then
adjusted our facilitation protocol for the first- and second-grade teams to encourage more
conversations among teachers. As such, the analysis described below focuses on the
conversations of the first-grade teachers (Leah, Delilah, and Lucy) and the second-grade
teachers (Allison, Madison, and Evelyn) (all teacher names are pseudonyms).

3.2. Data Analysis

Because we were interested in understanding how teachers collectively interpret
students’ mathematical thinking, we analyzed the transcripts of their debrief conversations
to see how they built upon one another’s reflections. The first and second authors engaged
in inductive coding, looking for common themes. The inductive process followed tenets of
grounded theory to ask sensitizing, practical, and guiding questions of the transcripts [38].
Sensitizing questions included inquiry into what the teachers said and meant. Practical
questions related to what topics repeatedly emerged in the teacher’s reflections to warrant a
theme. Guiding questions included considering the themes’ purpose and what they might
represent about the teachers’ debrief. The general themes that arose were focused on the
context of the classrooms, school, and district and its relation to student thinking and were
organized into how the teachers saw them as general noticings, constraints, or possibilities
in teaching (see Table 2). These contexts were later unpacked into the actors, actions, and
artifacts that held meaning for the teachers within their figured worlds. After independent
coding and identifying themes, the two researchers compared coding, collapsed themes
where appropriate, and reached a consensus across the final common themes.

Table 2. Themes and descriptions.

Category Themes Description
Figured World

Element

Noticing

Correctness
Focused on what percentage of students

answered the problems accurately
Action

Student
Capability

Identifying what students can and cannot
do yet based on strategies used in

the reports
Action

Constraint

Student
Capability

Perceptions of what students can and cannot
do, not attached to findings in the reports

Action

Technology
How students’ use of technology impacts
how they engage and respond to learning

Artifact

Curriculum
Use of structured materials for teaching in

how teachers must instruct
Artifact

Time
Time needed to teach and learn

mathematics material
Action

Logistics/
Management

Managing the materials and space for
student use to support
mathematical learning

Action

Top-down
Expectations

Expectations pertaining to daily procedures
and operations of the classroom set

by administration
Actor

Pandemic
Classroom structures, routines, and

strategies developed as a response to
the pandemic

Action

Possibility
Tools and
Strategies

Additional instruments and techniques
used to support student thinking to make

sense of problems
Artifacts
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4. Results

In order to understand how teachers reflect on student data and the influence of their
professional setting, we considered which aspects of the Cognitive Interview Report and
student work the teachers focused on during their reflection meetings. We look at how
aspects of the teachers’ reflections build up (as teachers agree and refine the interpretations
of their colleagues) and what actors, actions, and artifacts they identified as important in
their teaching context. In the following sections, we describe the elements with meaning
for the teachers’ current figured world, especially as it differs from what the literature has
described as the figured world of schooling prior to 2020 (see Figure 1). Next, we identify
the common constraints and opportunities the teachers described in their reflections, as
well as how their interpretations from these reports build on each other’s ideas. Then,
we highlight how their interpretations are situated in their figured world of teaching. We
share these details for both the first- and second-grade teams in order to highlight the
commonalities as a larger shared-figured world of their school context. The differences in
the grade level teams’ reflections help illuminate the more particular features of their grade
level team’s figured worlds.

Figure 3 shows what features of participants’ figured world during the COVID-19
pandemic may have meaning for teaching mathematics. The examples in Figure 3 are built
from our conversations with teachers and initial analysis of the Cognitive Interview Report
reflections. New actions that hold meaning are watching virtual mathematics lessons
through screens and new classroom artifacts, including the desks’ orientation, spread out
evenly across the room. Even though most instruction had returned to being in-person,
many teachers from our partner school were expected to closely follow a scripted and
computer-based curriculum where the majority of students’ mathematical learning was
completed individually through a computer screen. We began to see how this learning
through screens shaped what and how teachers were able to interpret students’ learning [39].
As another example, the classroom configuration (i.e., spread-out desks) was a new artifact
due to COVID-19 policies. While the goal was to prevent the spread of germs, the policy
impacted what was and was not possible for group instruction. At other times, or even in
other spaces, an artifact such as the arrangement of desks may not hold the same meaning
in mathematics instruction [11]. The nuance in who or what has meaning in a teacher’s
figured world makes it essential to see how that figured world influences how teachers
interpret students’ mathematical thinking.

ff

ff

tt

Figure 3. Actors, actions, and artifacts relevant to the participants’ figured world.
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4.1. First-Grade Teachers’ Collective Reflections

The first-grade teachers began their reflections on the reports by pointing out particular
features about student correctness and capability attached to evidence of strategy use or
looking more closely at individual student work. The majority of reflections expressed
by the first-grade teachers in looking at the reports focused on the constraints of the
classroom (30 out of 55 teacher reflections). Some of the most common concerns when
considering how to support or interpret student mathematical thinking were related to
the curriculum and technology (i.e., the online-based program, where students complete
activities asynchronously on computers with headphones). Together, these noticings and
described constraints meant themes in teachers’ reflections about what students were able
to comprehend about problem-solving, given the limited nature of the curriculum and,
consequently, what students could or could not do as a result.

We share an excerpt from the first-grade teachers’ debrief that highlights the major
themes that came up during their conversation: a focus on student comprehension and
assumptions of what students can and cannot do. The remainder of the section details how
the teachers’ reflections built on one another’s statements to show the development in their
interpretations of students’ mathematical thinking.

The teachers looked at the Cognitive Interview Reports and student work to focus
on the students’ strategies and solutions for solving the multiplication task, which asked,
“There were three tables. 5 children were sitting at each table. How many children were
there altogether?”:

Leah: Interesting. How they don’t really have–we’ve been working on it a lot,
kind of drawing a picture of what is happening in the story, if they don’t even
really even know where to start. {But} they’re recognizing the numbers, they saw
the five and the three. But they’re not getting three tables {and} what that really
means, kind of not paying attention to maybe all those details or not really sure
how to draw that out.

Lucy: I think they’re also just overgeneralizing. They’re so used to us just adding
or just subtracting. They just assume all the problems are going to do that.

Facilitator: I wondered about the visualization. . .I wondered about that phrase,
whether kids were familiar with that phrase sitting at every table.

Leah: These guys and our kindergarten guys haven’t really seen anybody more
than two sitting at a table. It’s not like we’re sitting at tables like normal for these
past two years. You know what I mean?

Delilah: But they should, because we did tons of work with subitizing. They
should be able to picture a five on a dice. When you say there’s five kids at that
table. . .

Lucy: With five frames they always did.

Delilah: Yeah. They should be able to {imagine} that amount and say, oh yeah,
five and five, and there’s a five. . .They should have had that skill down pat.
Because we do that fluency with them constantly.

Leah, Lucy, and Delilah consider why students solved the task in the way they did,
considering what approach they have used before (e.g., generalizing) and what they have
discussed in class (e.g., subitizing). Their reflections focus on noticing features of student
capability and the impact of classroom spacing of chairs (i.e., artifacts with new meaning in
this figured world) for student comprehension. After Leah’s attention to what students can
and cannot do in direct modeling of the task, Lucy interprets why so many students used
an invalid strategy of adding the two quantities—that represented the number of groups
and quantities in each group—instead of considering how the two quantities related to one
another and using a strategy to figure out the total number of children. Lucy’s comments
reflect how she interprets students’ comprehension of the task, which further clarifies
Leah’s interpretation of students not paying attention to details to identify how students

Version of Record at: https://doi.org/10.3390/educsci14080859



Educ. Sci. 2024, 14, 859 10 of 16

think to respond to all tasks similarly. In this way, Leah and Lucy are adding specificity to
their reflections about student strategies for this multiplication task by interpreting why
students solved the task in the ways that they did.

After the facilitator asked about what students were familiar with in the context of the
task, the teachers discussed what students should be mathematically capable of, both in the
context of the task and the types of activities they did in class. Regarding assumptions about
what students can or cannot do, Delilah followed up shortly after Lucy’s interpretation
about overgeneralizing the task to consider what students should be able to do to figure
out the task. Delilah’s comments leveraged her experience from the previous school year
teaching kindergarten to support children in subitizing quantities, suggesting that what
they had learned should support them in solving such a problem.

Delilah’s comments demonstrate how the teachers’ reflections built on one another,
beginning with Leah’s comment that students did not know how to comprehend the word
problem, followed by Lucy’s interpretation about why students may have struggled to solve
the task, and finally Delilah’s connection to the mathematical ideas that students learned
the year prior that could have supported students to visualize the quantities correctly.
This moment shows how teachers relate students’ current comprehension and assumption
of what they can or cannot do to the relevant contexts students have experienced with
groupings and related classroom activities.

Situating Interpretations into Figured Worlds

Teachers’ interpretations of students’ mathematical thinking are influenced by the
experiences and contexts in which teachers work [27]. The significance ascribed to particular
teaching actions and resources is built from the figured worlds of teaching [11]. With the
students returning to in-person learning, the team spoke about the challenges of supporting
a group of students that did not have the experiences of in-person kindergarten and what
actions would be important to prepare them to learn first-grade content as well as acclimate
them to what it means to be in school. Concerns regarding expectations for time spent
on a computer-based mathematics curriculum in the mathematics block were particularly
salient. Teachers felt this time did not allow for deeper engagement with the content.
Teachers tried implementing the computer-based curriculum and commented that it did
not offer details about how students obtained an answer.

The first-grade team discussed the challenges of their curriculum and the time spent
attending to student thinking. The curriculum is an artifact of their figured world that
shapes how they interpret student thinking in the report, as they relate what students were
able to comprehend as a result of common activities in the curriculum lessons. Regarding
time, the first-grade team talked about how little time there is to work with students to build
understanding when they are expected to get through a certain number of mathematics
lessons in the computer-based program each week. As Delilah phrased it, “it’s a challenge
to fit things in when there’s things that you have to do instead [of] the things you need
to do.” The district leaders mandating the curriculum use became important actors in the
first-grade team’s figured world as it influenced what actions (or responses) they had for
addressing students’ mathematical and social needs, which are often constrained by timing.

4.2. Second-Grade Teachers’ Collective Reflections

Similar to the first-grade team, the second-grade teachers also began their reflections
on the reports by pointing out particular features of student capability with evidence
from students’ strategy use. Their remaining reflections were fairly evenly split between
describing the constraints of the classroom (14 out of 40 teacher reflections) and proposing
possibilities to attend to student mathematical thinking (19 out of 40 teacher reflections).
The most common concerns when considering how to interpret or respond to student think-
ing are related to student capability, the limitations of the digital curriculum, and managing
the logistics of the classroom given the new pandemic protocols. However, the team also fre-
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quently interposed comments about challenges with particular tools or teaching strategies
they might try to better address them in support of students’ mathematical learning.

Given the focus of the second-grade team on student capability and thinking about
appropriate responses, we share an excerpt from their debrief that highlights these themes
and how they built off of one another’s statements. The teachers looked at the students’
strategies and their solutions for solving the join change unknown task presented to
students as follows: “Jayden had 38 stickers. His friend gave him some more stickers. Now
Jayden has 81 stickers. How many stickers did his friend give him?”:

Evelyn: If we see the word ‘altogether’ is this addition or subtraction, and it’s just
like jump starting them selecting their strategy before they start.

Madison: Yeah, yeah. Because I think I’ve noticed too, even last year, my kids
have always had issues of like when there’s a missing part. If it is 38 plus blank
equals {81}, finding that missing part. It’s almost like if it’s not in order 32 plus 15
equals. . .or subtraction order, my guys get confused by that. Of what to do with
it having that missing part.

Evelyn: They don’t like it when they get the sum first in the question. That’s the
end goal.

Madison: Yeah. That way. Right. It’ll say, 72 equals 32 plus what. It’s just if
the signs are mixed up or a part is missing it throws them off. . . Because on
the assessment, they have to end up doing that at the end of the module. But I
probably need to practice that more.

Allison: Or just go back to those number bonds with part-part-whole, where we
have the whole {and} we have the part. How do we solve it?

Evelyn: They’re so used to doing repetitive, rote, 40 problems in a row that are
the exact same kind of problem. But they’re not really thinking about it, it’s just–

Allison: Yeah. Like a repetition thing.

Evelyn: Yeah. But they’re not really thinking about “what is the author asking
you to solve here?”

Allison: Yeah. I also know that they like to rush.

Madison: Yes.

Evelyn: Yeah, yeah.

Allison: They think everything’s a race.

Evelyn: They do. And I find that a lot of the computer programs that we have,
it’s like they get that instant gratification when they move on. It’s like a video
game, moving on to the next level.

After the teachers examined what students did about this task, they attributed students’
confusion about what to do with the quantities (add or subtract) to how the structure of
the join-change-unknown task type is challenging to students. Their reflections focus on
the constraints of what students are able to do based on the limitations of the frequent
technology use (i.e., an artifact of the figured world), leading to suggestions of possibilities
for change. Madison interpreted why several students chose to add 38 and 81 together in
the task as confusion of the structure, with a missing part that was not the result, where
students did not comprehend what they needed to do with the quantities in the task.
Evelyn clarified Madison’s statement about how students are more comfortable with the
result-unknown structures. Allison connected to a representation, namely number bonds,
that teachers indicated make the parts and whole of number relationships clear, in this case,
38, 43, and 81. When the teachers ascribed meaning to why students did not comprehend
the task structure (interpreting), they agreed with each other on what they had seen before
in practice problems, as well as the nature of solving problems in a rush, with statements of
agreement. Their reflections normalized what challenges students in comprehending the
problem while refining their argument. All three teachers contributed to the discussion of
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student comprehension across the tasks, considering the role of students’ understanding in
their ability to solve the problems in the ways that they did.

The excerpt also demonstrates the common trend of the second-grade team’s debriefs
in order to consider possible activities or tools to support students’ learning. For exam-
ple, Madison followed up on how students might be confused about different problem
structures with a statement about needing to practice those problems more. Allison’s
comments immediately following proposed an interpretation of where students compre-
hend such problem structure (number bonds) and how returning to that structure in an
activity may help Madison’s students comprehend future similar problems. The comments
from the teachers built off of Madison’s original comments about student comprehension
but deepened it to consider a more detailed interpretation and a possible response. As a
team, the second-grade teachers were interested in creating access to mathematics through
understanding the problem itself, engaging in varied problem types, or the use of tools and
manipulatives that would allow students to deepen their mathematical understanding.

Situating Interpretations into Figured Worlds

Evelyn, Allison, and Madison discussed their interpretations of student thinking and
their possible responses within the context of their current setting. Two of the challenges
the team reiterated were the use of the computer-based mathematics curriculum (i.e., an
artifact of the figured world) and the limitations on what they could do with the safety
protocols of COVID-19 (i.e., logistics or action of the figured world). On the challenges of
the computer-based curriculum, Evelyn described how the students felt about receiving
instant gratification. The other teachers agreed with Evelyn that students saw the computer-
based mathematics curriculum as a race or a game instead of an opportunity to grapple
with mathematical thinking. Another challenge the team highlighted was the logistics of
using common mathematics manipulatives when COVID-19 protocols meant they needed
to be careful of who used what supplies. Their concern centered on having these resources
available to students in a way that would best support students and follow the new safety
guidelines. These constraints presented the most pressing relevance as they impacted
how students approached mathematics and what the teachers struggled to do to develop
student understanding.

The team’s comments about the challenges of attending deeply to student thinking
were often followed by what resources or tools (i.e., artifacts) might help them address
such challenges. For example, when Evelyn and Madison talked about the challenges of
not sharing manipulatives due to COVID protocols, Allison offered up what she does to
give students their own sets of materials. Evelyn connected to Allison’s suggestion that a
resource station could have individual material sets but be manageable when used by only
a small group. What was salient in their discussions of what was possible was the use of
tools and strategies to support student conceptualization and understanding of tasks. What
these teachers saw as possible changes to their practice in the given context of expected
curriculum use speaks to how the shifts in the figured worlds have influenced the meaning
behind common tools and activities used in the classroom.

5. Discussion

Teachers better adapt their instruction to meet their students’ needs when they have
opportunities to closely examine students’ mathematical thinking alongside their col-
leagues [2,5]. In this study, we wanted to understand how teachers used the Cognitive
Interview Reports—designed to focus their attention on students’ mathematical thinking
and strategy use—to collectively make sense of students’ thinking and consider implica-
tions for future practice within their new figured world of teaching. We found that written
reports functioned as a tool for teachers to support their group reflections on students’
mathematical thinking; however, their reflections were influenced by the elements of their
figured world [31]. The context for the first- and second-grade teams reflects what actors
(e.g., students and teachers), actions (e.g., common mathematical strategies used), and
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artifacts (e.g., counting videos and hundreds charts) were ultimately granted legitimacy in
the figured worlds of their teaching. Their contextualized interpretations related to and
built off the ideas of their colleagues as they worked to add detail to similar noticings
and collectively constructed possible reasons for why students solved a task in the ways
they did.

5.1. Collective Interpretations as Collective Sensemaking

When considering how teachers collectively interpreted student thinking, we found
that the Cognitive Interview Reports provided the teachers with a space to deepen their
interpretations as they built upon their colleagues’ comments and suggested responses.
Teachers’ reflections became more complex as they considered what students did and their
interpretations of why they did it. For example, consider the first-grade team’s collective
building on how students may or may not be able to interpret word problems, where
each teacher contributes to a more nuanced picture of student thinking. Student data and
curated reports have been framed as tools that can deepen teachers’ understanding of
student thinking [1]. However, researchers rarely consider teachers’ collective reflections
on student data (see [9], for an exception). In their reflections on the first and second-grade
teams, the teachers demonstrated specific and detailed interpretations of student thinking
that evolved through the interactions they had with one another. Their collective reflections
unfolded in a way that allowed them to build on each other’s thinking by adding detail,
helping each other interpret why students may have solved tasks with particular strategies
and considering possible teaching responses together. The reports provided opportunities
for teachers to engage in collective sensemaking as they interacted and iteratively referred
to the same ideas or questions [25].

5.2. Teachers’ Figured Worlds—Challenges with Computer-Based Curriculum

Upon consideration of how the settings within which the teachers’ work influenced
their interpretations of student work, we found that the context of their figured worlds,
particularly about their computer-based mathematics curriculum, contributed to their
reflections. The use of the curriculum shaped the expected actions of instruction (student
independent use of computers), the actors who influenced the use of this curriculum
(the top-down expectations of district leaders), and the artifacts needed to implement the
curriculum (the use of headphones and spread-out desks). Studies discuss the role context
plays in what and how teachers interpret student thinking [11,31,40]. The adaptations in
the figured world of schooling created tensions for the teachers in being able to interpret
students’ mathematical thinking, similar to what other studies have characterized as
tensions experienced in shifting figured worlds [41]. In this analysis, the district leaders
were the actors who ascribed meaning to the teachers, with expectations of what they could
and could not do in their teaching. This may have influenced teachers’ responses in their
noticing. The action of selecting tasks and problems becomes meaningful in this context as
both groups of teachers consider what they can ask based on students’ comprehension (or
lack thereof), given the students’ focus on speed over understanding to solve problems in
the computer-based curriculum. Finally, a meaningful artifact for both teacher groups was
the computers and the computer-based curriculum itself, where teachers’ interpretations of
what students could comprehend or not were based on what types of problems they were
familiar with solving.

The teachers’ attention to what students tried to comprehend about mathematics was
situated within what actors, actions, and artifacts were given meaning in their environ-
ment [11]. For the teachers at Rivers Elementary, the role of technology and the impact of
the pandemic has impacted how they attend to and respond to their students’ mathematical
thinking. Thus, what was ascribed meaning in this environment was not just about what
counted as teaching and learning but what district leaders counted as ‘good’ teaching and
‘good’ students [29]. As such, teachers’ interpretations of student thinking when looking at
the reports were informed by what was expected of them to promote ‘good’ teaching and
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‘good’ students, lamenting the challenges of maintaining the pacing of the online modules
for students and responding to student comprehension needs with the current structures of
the physical classroom.

Many other schools also returned to in-person instruction during the COVID-19 pan-
demic but approached it differently than Rivers Elementary. While these other schools, for
example, might have computer-based programs, they may have different expectations and
values associated with them that could inform their noticing about students’ mathematical
thinking. Thus, there are implications from this analysis point on the importance of consid-
ering teachers’ figured worlds when addressing what they notice within their practice.

5.3. Limitations

While we provide an interpretation of teachers’ collective interpretations of student
thinking, other possible explanations exist for the teachers’ reflections. We present a case
where the teachers used reports of students’ thinking gathered from cognitive interviews
as a tool to frame their reflections, building off of each other’s ideas by attending to
particular student strategies, interpreting why they used those strategies, and considering
possible responses. It is also possible that this method of engaging with student thinking
is typical for the teachers but they have merely limited time to do so. Additionally, we
worked with the data of the two smaller groups of teachers for a fine-grained analysis of
their interactions with the Cognitive Interview Reports. We can show how these sets of
teachers collectively make sense within these conversations but cannot generalize how
other teachers, particularly those with different contexts and constraints, may collectively
make sense of student thinking through similar reports.

6. Conclusions

Future research could extend the use of reports of students’ mathematical thinking
to different teacher settings as a way to understand how different figured worlds shape
teacher reflections of students’ thinking. Such research would help answer questions about
what is most salient in teachers’ interpretations of student thinking across contexts and
how different contexts shape teachers’ collective reflection practices. Furthermore, this
research would help us understand what teachers feel is possible given their constraints
and opportunities within their figured worlds.

This analysis of teachers’ reflections on their figured worlds has theoretical and prac-
tical implications. Theoretically, it contributes to our understanding of how the context
in which teachers work, or their figured worlds, impacts/influences what they attend
to when examining student thinking and considering how to respond in immediate fu-
ture instruction. Also, we found that through teachers’ collective sensemaking [25], their
reflections considered specific details about student ideas, building off of one another’s
interpretations of why students used the strategies they did. Engaging in collective sense-
making allowed teachers to co-construct meanings of students’ mathematical thinking and
dream up how to prepare instruction that is responsive to those noticings. Practically, the
analysis has implications for instructional leaders who work alongside teachers to develop
their instructional practices. First, instructional leaders need to work to understand the
context in which teachers work, e.g., what teachers are held accountable for, what sup-
port they receive, curricular resources, etc. [42]. Second, there are richer opportunities for
teachers to make sense of student thinking collectively, allowing teachers to build on one
another’s interpretations, which can lead to the potential for deeper sensemaking about
students’ current understandings and how to respond. Thus, instructional leaders should
create structures and adopt tools that support teachers in working alongside each other,
considering the changing landscape of schooling and the newly figured worlds of teaching.
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