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ABSTRACT KEYWORDS

This study investigates the diagnostic and prognostic framings of Swedish Student difficulties;
mathematics teachers regarding the difficulties experienced by students mathematics teachers;

in mathematics learning. Collegial discussions among 65 mathematics diagnostic framing; )
teachers in nine collegial groups were videotaped during a professional g?°9”°§“° framing; collegial
development (PD) program entitled Boost for Mathematics for analysis. scussion

The results show that the diagnostic framings of the teachers were

mainly attributed to the cognitive abilities of students, whereas the

prognostic framings were mainly related to lesson organization such

that students should collaborate. While the teachers emphasize

collaborate group work, they put little emphasis on how they could act

in these learning situations. These results contribute to the

understanding of Swedish mathematics teachers’ framing of students’

difficulties in mathematics learning and to the role of collegial

discussions in PD initiatives.

Introduction

Reforms in mathematics education have involved the reorganization and development of syllabi,
curriculum materials, and classroom practices. However, professional development (PD), which
enables teachers to establish further productive classroom practices, is central to these policy
changes. A key part of PD programs is collegial discussions among teachers (Cobb et al., 2018;
Cobb & Jackson, 2011; Munter & Wilhelm, 2021). However, the opportunities for teacher develop-
ment are dependent on the characteristics of these collegial discussions (Desimone, 2009; Munter &
Wilhelm, 2021). Scholars suggested that instructional reform is closely related to the views of tea-
chers regarding the mathematical capabilities of students (Jackson et al., 2017; Jackson et al., 2018)
as well as the provision of learning opportunities for students (Jackson, 2011; Russo et al., 2020). For
example, Horn (2007) found that this view affected teacher’s classroom actions, whereas Boaler
(2015) and Sun (2019) classified teachers as having either a fixed mindset or growth mindset.
With a fixed mindset, teachers tend to exclude students with difficulties from rigorous mathemat-
ical activities. With a growth mindset, however, teachers encourage students to contribute and to be
successful. Various studies classified teacher differences based on their framing of the mathematical
capabilities of the students and their reactions to such capabilities (Anthony et al., 2018; Bannister,
2015; Jackson et al., 2017; Wilhelm et al., 2017).

With a specific focus on diagnostic and prognostic teacher framings, the current study analyzed
collegial teacher discussions to examine their perception of the mathematical capabilities of
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students. Specifically, mathematical capabilities are related to an aspect of reform-oriented instruc-
tion, that is, the view that students are capable of participating in rigorous mathematical activities
such as collaborative learning centered around cognitively demanding mathematical tasks (cf.
Franke et al., 2007; Lahann & Lambdin, 2020). The framing problems of practice are inherently
a social process (Bannister, 2015; Jackson et al., 2017). When approaching teachers’ framing of stu-
dents’ capabilities in mathematics learning, we focus on the framing of a common problem in prac-
tice (Jackson et al, 2017), which is students facing difficulties in mathematics learning. The
conceptualization of teachers’ framing of students’ difficulties in mathematics learning is connected
to difficulties in participating in rigorous mathematical activities, which involve mathematical abil-
ities (cognitive skills) and other types of difficulties experienced by students, such as attention and
motivation. Thus, this study poses the following research question: “How do teachers explain the
source of their students’ difficulties in mathematics learning, and how do they support these
difficulties?” The study proposes that teachers’ views regarding students’ difficulties in mathematics
learning are important when intending to accomplish instructional reform (Jackson et al., 2017).
“Boost for Mathematics” (Skolverket, 2018) is an example of such a reform initiative for assisting
teachers in establishing productive classroom practices. Therefore, the study posits that examining
teachers in their collegial discussion will contribute to the understanding of teacher engagement in
reform efforts.

On the basis of earlier studies (e.g., Ryve & Hemmi, 2019), we conjecture that the prevalent ideas
of instructional practices in Sweden heavily influenced the majority of the teachers’ perceptions of
students and their instructional practices (e.g., Ryve et al., 2016) instead of productive practices
advocated within the Swedish mathematics reform movement. Specifically, we predicted that tea-
chers would adopt aspects of the reform movement that were in agreement with their dominant
visions of instructional practices and would dismiss reform initiatives that do not.

Research background

To add to the understanding of the impact of the reform movement in mathematics education, this
study examined the reasoning of teachers regarding the difficulties experienced by students in
mathematics learning through the national PD entitled, “Boost for Mathematics.” This initiative
for mathematics is a national state-coordinated project initiated by the government and includes
a year-long PD program offered to all mathematics teachers in Sweden during the period from
2012 to 2016 (cf. Lindvall et al., 2018). The central tenet of this education reform movement in
mathematics is to assist teachers in establishing productive learning practices in mathematics,
which have been found challenging and difficult (Desimone & Garet, 2015; Garet et al,, 2011).
The vision of instruction required by the policy documents and the abovementioned Boost for
Mathematics represent a radical departure from the traditional teaching practice for mathematics.
This vision involves new perspectives on teaching and learning, such as eliciting and building upon
student thinking (Munter & Wilhelm, 2021). A central part of this vision of instruction is viewing
students as capable of participating in rigorous mathematical activities (Munter, 2014). As the tea-
chers’ perceptions of the mathematical capabilities of students are particularly important when
implementing ambitious instructional reforms (Jackson et al., 2017), focusing on these perceptions
in PD environments is vital to understanding the success of such reforms.

In Sweden, mathematics standards at the national level, which are mainly influenced by the
National Council of Teachers of Mathematics Standards (cf. Boesen et al., 2014), were implemented
in 1994 and 2011. The motives behind the reforms were to deviate from the traditional teaching of
mathematics, which mainly focuses on procedural knowledge (Rittle-Johnson et al., 2001), and to
emphasize broad competence goals, such as problem-solving or reasoning skills. Recently, Forsberg
et al. (2016) identified another common practice in Sweden, which is a democratic teacher practice,
that is present and that was relatively predominant during the 1990s and 2000s. Its key components
are equal opportunities and equal rights. In addition, it aims to foster democratic citizenship and
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the development of a democratic mindset and skills (Forsberg et al., 2016). Such teaching practices
are reflected in the Swedish curriculum (Skolverket, 2011), which includes, for example, showing
respect, taking responsibility, and developing a critical and reflective attitude.

Diagnostic and prognostic framings

To understand the teachers’ perceptions of students’ capabilities, many studies (Anthony et al.,
2018; Bannister, 2015; Jackson et al., 2017) have used problem framing (Goffman, 1974; e.g., diag-
nostic framing, which involves the identification of a problem and attribution of blame) and prog-
nostic framing (involves proposing a solution to a diagnosed problem that specifies the actions
needed). For example, Jackson et al. (2017) aimed to assess the effect of instructional reforms
and examined the views of middle-grade teachers regarding the mathematical capabilities of stu-
dents using a qualitative semi-structured interview. They applied productive and unproductive
diagnostic and prognostic framings to elucidate how teachers signaled encouragement or discour-
agement toward students with difficulties. The authors then classified these opinions into four
dimensions. The first is productive diagnostic framing, in which students’ difficulties in mathematics
learning were attributed to instructional or schooling opportunities. Next, students’ difficulties in
mathematics learning were attributed to inherent student traits from the perspective of unproduc-
tive diagnostic framing (e.g., processing speed [whether students are fast or slow] and motivation
[whether students are lazy] (Bailey et al., 2014), and that several students are naturally better at
mathematics than others are) or family or community deficits. Third, productive prognostic framing
enables students with difficulties to participate in rigorous mathematical activities. Lastly, unpro-
ductive prognostic framing reduces the rigor of learning goals for students with difficulties. Jackson
et al. (2017) concluded that the majority of teachers held the unproductive diagnostic view. In other
words, they did not view all students as capable of participating in rigorous mathematical activities
and believed that such difficulties were inherent traits or the result of family or community deficits.
Moreover, these teachers displayed an unproductive prognostic framing when they suggested that
the cognitive demand of activities should be lessened when students are experiencing difficulties.
Moreover, Horn (2007) compared the conversations of two groups of mathematics teachers in
high school when discussing the “mismatch problem,” that is, the mismatch between the teachers’
framing of their students’ abilities and an equity-geared reform curriculum. The productive and
unproductive framing analyses of the teachers’ meeting identified how they made sense of students
with difficulties. Several teachers viewed these difficulties as related to inherent student traits,
whereas others perceived these difficulties as related to learning opportunities within the classroom.
One group of teachers blamed the students and claimed that the students were not engaged or did
not work hard enough, whereas another group placed more responsibility on the teachers to
address potential mismatches between the curriculum and students by considering the means
through which teachers could best alter their instruction to support the learning of students.
Building on Horn (2007), Wilhelm et al. (2017) investigated the extent to which teachers’ expla-
nations regarding the sources of the difficulties of students in mathematics were related to students’
participation in quality mathematics discourse. The investigation, which involved video recordings
of classroom instruction, teacher interviews, and written assignments, was conducted over four
years with 156 mathematics teachers in middle school. The annual interviews, which were focused
on the diagnostic framings of the teachers regarding the mathematics difficulties of students, were
then categorized as productive, unproductive, or mixed, that is, wavering between a productive and
an unproductive explanation, and were linked to the distribution and quality of the students’ math-
ematical discourse. The contributions and participation of the students in classroom discourse were
measured using three indices, namely, providing an account of their reasoning, linking to and
building on one’s ideas, and the percentage of students who participated in class discussion. The
authors deduced that the majority of teachers believed that the mathematics difficulties of students
were related to their participation in mathematical discourses in the classroom. As a result, the
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students were more likely to participate in discussions if the teacher diagnosed the sources of such
difficulties in mathematics as related to the nature of instruction or learning opportunities. More-
over, teachers believed that the mathematics capabilities of students were related to the quality of
learning opportunities given to them by teachers.

Challenging the teachers’ views of students’ capabilities

When teachers first engage in professional discussions regarding students’ mathematical capabili-
ties, they typically focus on what students are unable to do (Kazemi & Franke, 2004) and make
definitive, evaluative claims regarding students level of knowledge (Gamoran Sherin & Van Es,
2009). When explaining mathematical capabilities, many teachers refer to students as being low
or high level or functioning below or above a grade level (Boaler, 2015; Sun, 2019). Moreover,
many teachers believe that mathematical ability is an innate gift that people may or may not possess.
These beliefs regarding students’ ability are in agreement with Dweck’s (2000) mindset theory,
which was further elaborated by Boaler (2015). A growth mindset is a belief that everybody has
the ability to improve and that student abilities can be developed through instruction. In other
words, it focuses on what students are capable of doing, where teachers then leverage the existing
understanding and experience to design an instruction that matches learner needs.

PD which focuses on student thinking and the lens of problem framing to provide insight into
teachers’ views of their students’ capabilities can result in changes in the teachers’ discourses regard-
ing the students as learners (Horn, 2007). Wilson et al. (2017) examined discussions among 22 tea-
chers in elementary school participating in a year-long 60-hour mathematics PD program. The
authors identified four categories related to the mathematics learning performances of students,
namely, age or grade level (age/grade); fixed, innate ability (ability); effort of a student (effort);
and the degree to which the student was fortunate to obtain the correct answer (luck). However,
the evidence of the terminology and ideas from the PD program were found limited when the tea-
chers discussed the effort- and luck-based explanations. However, changes were observed when
they discussed age/grade and ability as the teachers incorporated the PD ideas over time. Near
the end of the program, the teachers used productive age/grade and ability framings to explain
the mathematical activities of the students. Anthony et al. (2018) examined teachers within a
whole-school PD program to understand if the program led to any changes in the views of the tea-
chers regarding the capabilities of students. The study concluded that nearly all teachers displayed
positive shifts toward productive diagnostic and prognostic framings over time. However, one tea-
cher, who continued to assess students in the unproductive diagnostic category, remained con-
cerned that struggling students lacked sufficient knowledge and continued to categorize them on
the basis of the presence or absence of knowledge.

Thus, a general consensus exists for a set of goals for the mathematical learning of students and is
represented in the Swedish national curriculum (Boesen et al., 2014), which is influenced by the
Principles and Standards for School Mathematics (NCTM, 2000) and Adding it Up (Kilpatrick
et al., 2001). These learning goals emphasize the development of procedural fluency, conceptual
understanding of mathematical reasoning, and ability to communicate mathematical ideas,
which are a part of the mathematical proficiency for students (Kilpatrick et al., 2001). Teachers
engaged with education reform movements for mathematics, such as Boost for Mathematics, will
need to address the key aspects of teaching that support the students’ attainment of such learning
goals. Previous studies focused on whether teachers hold a productive or nonproductive view of
students’ mathematical capabilities (Anthony et al., 2018; Jackson et al, 2017; Wilson et al.,
2017). Given the complex learning goals for mathematical learning, investigating whether teachers
differently frame the difficulties of students in mathematics learning on the basis of the abovemen-
tioned learning goals will be essential. Therefore, the view of teachers regarding students as capable
of participating in such classroom activities is important for understanding how teachers engage in
such activities. From this research background there is a need to know more about how teachers in
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their collegial discussion frame their students’ difficulties. Therefore, our research questions is,
“How do teachers explain the source of their students’ difficulties in mathematics learning, and
how do they support these difficulties?” Further, Jackson et al. (2017) found that the diagnostic
and prognostic framing dimensions provided useful guidance when assessing the conversations
of teachers with colleagues regarding the mathematical capabilities of students. Therefore, inspired
by Jackson et al. (2017), this study examined collegial teacher discussions regarding the mathemat-
ical difficulties of students during a PD program in Sweden using the diagnostic and prognostic
framing dimensions.

Methodology

This study aimed to understand how teachers characterized the difficulties of their students in
mathematics learning with a specific focus on the framings (i.e., diagnostic or prognostic) used
to describe the sources of such difficulties. Grounded in Goodwin’s (1994) belief that discourse
is constitutive of a practitioners’ professional vision, the understanding of the discourse was focused
on how teachers made sense of the phenomena in their work domain.

Study context

Between 2013 and 2016, the Swedish National Agency for Education launched a curriculum-
based PD project called “Boost for Mathematics” worth 649 million kroner (approximately 65
million euro; Skolverket, 2018) to strengthen the quality of mathematics teaching and student
performance. The central components of this project were 24 modules, 8 per grade level
range (1-3, 4-6, and 7-9), which were developed to support teaching teams to plan, establish,
and reflect on pedagogical mathematics practices. Each module was designed to assist teaching
groups (in one semester) in engaging in eight iterations. Each module included individual prep-
aration (session A), collegial discussions on resources and lesson planning (session B), individual
classroom teaching based on content (session C), and collective reflections on classroom instruc-
tion and process (session D). Teachers were required to complete two modules of the PD pro-
gram by taking one module per semester. The PD sessions were held at each school with the
support of a trained coach. In the research project, which is funded by the Swedish National
Research Council, a large data set was constructed during the academic year 2015-2016. Math-
ematics teachers and coaches from several large municipalities in Sweden teaching grades 1-9
were invited to participate in the data collection process if they were about to start the Boost
for Mathematics program in the autumn of 2015. For detailed descriptions of the PD program,
see Boesen et al. (2015) and Lindvall et al. (2018).

Data collection

The research presented in this paper is a part of a research project' that involves a large data set
constructed from 2015 to 2016, which consists of video-recorded mathematics lessons, collegial
meetings, and interviews with more than 200 teachers from 17 schools in three municipalities
who participated in the PD program “Boost for Mathematics.” The study retrieved data from
the large data set, which consisted of video recordings of collegial discussions among nine tea-
cher groups with a total of 65 teachers under the “Boost for Mathematics” PD project. Table 1
provides an overview of the participants and data collection. All teachers provided ethical con-
sent to use the data in this research. The nine groups were selected using convenience sampling
with the objective of covering all thematic modules from “Boost for Mathematics” and covered
all grade levels (i.e., 1-3, 4-6, and 7-9). The data set from the schools covered six of the eight
thematic modules. The only missing modules were geometry and probability and statistics
because none of the 17 large teacher groups in the data set opted to study these subjects.
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Table 1. Overview of the participants and data collection.

Group Grade levels Number of participants Module Video-recorded meetings
1 1-3 6 Problem solving Session B: 50 min
Session D: 49 min
2 4-6 8 Algebra Session B: 88 min
Session D: 70 min
3 1-3 8 Algebra Session B: 57 min
Session D: 49 min
4 4-6 6 Number sense and use of numbers Session B: 67 min
Session D: 64 min
5 1-3 9 Language in mathematics Session B: 62 min
Session D: 42 min
6 7-9 7 Algebra Session B: 46 min
Session D: 37 min
7 4-6 8 Language in mathematics Session B: 55 min
Session D: 48 min
8 1-3 7 Correlations and change Session B: 64 min
Session D: 52 min
9 7-9 6 Mathematics instruction with ICT Session B: 68 min

Session D: 53 min

The number of members per group, including the coach, ranged from four to nine. Therefore,
65 teachers participated in the research, with their years of experience ranging from 1 to more
than 30 years. The primary data were videotapes from two meetings of each group. The first was
on collective planning with colleagues (session B), and the second was on collective classroom
instruction reflections (session D). Both meetings were conducted around a table at the teachers’
workplaces and were documented using two video cameras operated by assistant researchers and
an audio recorder placed in the middle of the table. The document data were later combined
into one video/audio file. The meetings were video-recorded to enable data sharing and to
examine specific time segments from various analytical foci.

Analysis

Building on Bannister’s (2015) perspective, a framing lens was used to assess the teachers’ reasoning
regarding students’ difficulties in mathematics learning. The frames were viewed as coconstructed
objects that represent certain meanings in the groups of teachers at particular times in their collegial
discussions on various topics, such as teacher practices, student perspectives, classroom organiz-
ation, and lesson planning. Therefore, in the first phase of analysis, meaningful utterances in
each group meeting were identified and defined as a unit of teacher discourse on students’ capabili-
ties. Each episode that identified pedagogical reasoning (Horn, 2007), such as descriptions of stu-
dent issues accompanied by detailed reasons, explanations, or justifications, was noted as a single
coding unit. Each pedagogical reasoning episode elicited the teachers’ reasoning through discussion
(Bannister, 2015), and these analysis units enabled the reduction of all collegial discussions into tea-
cher talk episodes regarding students. To better identify these episodes, all utterances from four
meetings of two teacher groups (i.e., sessions B and D) were transcribed, which enabled the easy
identification of the episodes and student labels (student/s, some, mine, them, children, and us).
These labels were then used to identify episodes in the video materials for the collegial discussion
in seven other groups.

The abductive process was employed to develop the analytical framework (Bryman, 2016). A
total of 109 episodes of meaningful utterances regarding the students’ mathematical capabilities
were identified. Specifically, teachers discussed their students in a positive/neutral manner in 22
episodes, and teachers characterized student capabilities by focusing on students’ difficulties in
mathematics learning in 87 episodes.
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Table 2. lllustration of one episode of pedagogical reasoning using the coding scheme.
Attribution of

Type of blame or Attribution of

Episode difficulty causality support Comments

M: But | think a lot of these Difficulties with ~ Students’ Arrange students in  This type of difficulty is specific
problem-solving tasks ... | feel problem- cognitive groups to discuss (related to students’ ability to
like it's too difficult. So, it's solving tasks abilities and work work with problem-solving
good for us to think maybe, but together tasks). The type of support is
it's not ... Not for my students, relatively general (students
it's too difficult. should discuss, but they do
C: Yes, it is too difficult. not mention what or how
N: Is it too difficult? such discussion should be).
M: Yes, too difficult, yes.
F: Yes.

J: But | think they would fix it if
they could talk, work together
on it, think about it, and
maybe, well, in some cases
discuss their way through. It's
so hard to tell everyone they
would solve it themselves
without working together.

With reference to Jackson et al. (2017), the focus of the subsequent analysis was the 87 episodes
in which the teachers framed their students’ difficulties in mathematics learning, which were also
analyzed in line with the Swedish teaching practice. The teachers’ views of students’ difficulties
in mathematics learning were associated with the instructional reforms (Anthony et al., 2018).
Moreover, the study focused on the relationship between the teachers’ views of students’ capabilities
and Swedish teaching practice to elucidate the effects of PD.

Table 2 presents a coding scheme that was inspired by diagnostic and prognostic framings
(Anthony et al., 2018; Jackson et al., 2017) and was developed for transcript analysis. The teacher
episodes focused on difficulties presented two main dimensions, namely, the type of difficulty and
attribution of blame (diagnostic framing) and the type of support and attribution of support (prog-
nostic framing).

In an early phase of categorization, the current study developed two main categories based on
teachers’ framing of students’ difficulties in mathematics learning, namely, mathematics and discus-
sion and reasoning. However, we found that “mathematics” is extremely broad and general. When
classifying the findings within this category, we found other types of categories, such as problem
solving, conceptual understanding, and procedural fluency. Together with discussion and reason-
ing, which we changed to reason and communication, we found that these categories relatively
overlap with those of Kilpatrick et al. (2001) and their five strands of mathematical proficiency.
The categories were then assigned to each pedagogical reasoning unit based on the teachers’ fram-
ing of students’ difficulties in mathematics learning. The majority of the categories were related to
the five strands of mathematical proficiency (Kilpatrick et al., 2001), which inspired the Swedish
mathematics curriculum (Skolverket, 2011), namely, (1) formulate and solve problems using math-
ematics and evaluate the selected strategies and methods, (2) use and analyze mathematical con-
cepts and the connections between concepts, (3) select and use appropriate mathematical
methods for calculations and for solving routine tasks, (4) conduct and follow mathematical reason-
ing, and (5) use mathematical forms of expression to discuss, argue, and report on issues, calcu-
lations, and conclusions.

From the recognition of these strands in the teachers’ framing of students’ difficulties in math-
ematics learning, the current study identified six categories, namely, students’ problem-solving abil-
ities (13 episodes); difficulties in reasoning and communicating using mathematics (21 episodes);
difficulties with motivation, engagement, and courage (19 episodes); difficulties with conceptual
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understanding (17 episodes); difficulties with procedural fluency (9 episodes) and diverse abilities (4
episodes); and left-over categories labeled as other difficulties (4 episodes).

To enhance the reliability of this research, the first author identified 87 episodes. A random
selection of 20 episodes, including those that the first author found difficult to categorize, was
shared with the second author. These episodes were discussed and compared with respect to con-
tent, such as type of category, difficulty, and support. The agreed numbers for the type of category,
difficulty, and support were 16, 19, and 17, respectively. After a thorough discussion, cases of dis-
agreement were further discussed. In the next phase of the analysis, 2-4 episodes within each of the
six categories were presented and discussed with a research team involving five other members fam-
iliar with the data set. Discrepancies in the coding were then discussed by the research team and
were resolved until a consensus was reached. On the basis of these refinements of the coding
scheme, the first author initiated the process of refining the analysis of the 87 episodes.

Prior to presenting the findings, we point out several limitations of the method. We exam-
ined the collegial discussions of teachers to understand their characterization of students’
difficulties in mathematics learning. First, data were videotaped from two meetings of each
group, which provides a snapshot of teachers’ views of students’ mathematical capabilities
during the PD program Boost for Mathematics. For this reason, we are unable to give grounds
whether teachers changed their characterization of the students’ difficulties in mathematics
learning through the PD program. Second, we collected statements from groups of teachers.
Elliott et al. (2009) argued that when teachers meet for collegial discussions, one social norm
is that the participants tend to listen respectfully to one another and exchange ideas. As
such, less questioning among teachers occurs during collegial discussions. Thus, whether the
group represents the view of individual teachers remains unclear. The third limitation is derived
from the coding process. The first author coded all narratives in the data set, whereas the second
author coded a subset of the total data set used to establish reliability. The final analysis was
conducted by the first author. Thus, the proportion of the common coding of the data set
could be higher or could involve several coders from the research team.

Results

This section provides an elaborate discussion of how the nine groups of teachers characterized stu-
dents’ difficulties in mathematics learning during the PD program for mathematics education.
Table 3 presents the overview of the key findings for the diagnostic and prognostic teacher framings
of students’ difficulties in mathematics learning. The cognitive abilities of the students were the
dominant diagnostic framing, except for the category motivation, engagement, and encouragement.
In this category, the teachers frame the difficulty as related to their instruction. Prognostic framing,
which highlights the types of solution, is dominant among teachers organizing and engaging

Table 3. An overview of the diagnostic and prognostic types of framing.

Motivation,
Reason and engagement, and Conceptual Procedural
Problem solving communicate encouragement understanding fluency Diverse abilities
Diagnostic ~ Students’ Students’ Type of Students’ Students’ Students’
framing cognitive cognitive instruction cognitive cognitive cognitive
abilities abilities or lack abilities abilities abilities
of experience
Prognostic ~ Students Teachers engage  Variation in Teachers None Teachers
framing working in students to teaching lowering the categorize
pairs or discuss in cognitive students into
working more groups or with demand homogeneous
specifically the entire class groups

with problem-
solving tasks
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students to discuss in pairs or groups. Two categories differ, namely, procedural fluency, in which a
lack of suggested solution exists, and motivation, engagement, and encouragement, where the
suggested solution is a variation in teaching.

Framing students with problem-solving difficulties

The teacher groups were relatively concerned with problem solving and the challenges faced by the
students, which were discussed in 13 episodes. Two strands of difficulty were expressed, namely,
students were too solution focused (which resulted in poor reasoning and reluctance to solve pro-
blems using different methods) and students with difficulties formulating a similar task in relation
to problem solving. The following excerpt is an example of a discussion on the first strand by tea-
chers from Group 1, which discussed an instructional task:

Plan a lesson where students will formulate their own problems. You should encourage your students to for-
mulate their own problems based on one of the ways described in the text “formulating problems.” Both ways,
“formulate a similar problem” and “formulate a problem,” must be represented in the teacher group.

1 Mia It was really difficult. But it is also difficult when you lack experience. And then they got

2 the next question.

3 Helen Haha. It was not clear for us.

4 Mia You got all confused, and then it is difficult to imagine the students answers and how |

5 should proceed. You have to be flexible. Then they got the next question how many coins

6 and what could the value of the coins be. So, we reminded them again, remember now, it could
7 be one-krone coins, five-krone coins, and ten-krone coins. But then they fixated on the coins
8 being of only one denomination, and some drew only one-krone coins, some drew only

9 ten-krone coins. So | ended up putting the problem on the board and asked them to imagine
10 if they had a five-krone coin there and a one-krone coin there, but they could not follow this
1 argument.

The objective of the assignment was for students to suggest several solutions to an open problem
regarding coins in a tin. In the lesson to which the teacher referred, the students needed to first guess
how many coins were in the tin. However, the students found difficulty in solving the problem using
coins with different values, which the teachers suggested was due to their lack of experience with coins
and the value of the coins (1). The next task was to suggest the number of coins and their value (5-6).
Moreover, the teachers perceived this task as extremely difficult for students. The explanation for this
difficulty (type of problem) was that the students were fixated (7), that is, they only focused on the
same type of coin. Maria, therefore, opted to discuss various solutions on the board (type of solution)
but considered this review difficult for the students (8-11).

As also noted within this category and in many of the cases across categories, the teachers did not
provide a thorough explanation of the type of support. Moreover, less argument occurred as the
teachers tended to agree regarding the type of support, as demonstrated by the following case
from Group 3:

1 Clara But eh, how should we do, how could we help them in a proper way if you
2 do say that they should dare to think freely?

3 Brenda But | feel that | need to put them together so they can create together.

4 Rita Ah, | do also believe that this is not a task to work on individually.

5 Brenda So they are put along the track with someone else and in a way get into it.
6 Clara Maybe not in that large a group but instead perhaps two or ...

7 Brenda Two because ah

8 Kim As if a couple

9 Rita Two, maybe three

This group discussed how to support students with difficulties in formulating their problems
during problem-solving tasks (1-2). They suggested that the students should work in groups (3)
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and argued that the students would have a better opportunity by working in groups (3) instead of
working individually (4). As illustrated in this episode and common to nearly all episodes, the tea-
chers did not discuss how to intervene when students interact. For instance, the teachers did not
discuss how the students could draw connections from their collective invented strategies and rep-
resentations when addressing a problem. Moreover, the teachers failed to design, initiate, and fol-
low up learning opportunities based on their mathematical misconceptions of the students.

Within this category, the teacher’s dominant diagnostic and prognostic framings were unpro-
ductive. Moreover, teachers’ diagnostic framings of problem solving were mainly related to the cog-
nitive abilities of students, which are indicated by their view that problem solving was extremely
difficult for the students. The arguments are that the students are very solution oriented, lacked
the ability to work with problem solving, and solve problems using multiple strategies. The
suggested types of support illustrated in these episodes seemingly indicate that the teachers believed
that the best method for addressing students’ difficulties in mathematics learning was (a) to demon-
strate similar problem-solving tasks, which is a more traditional teacher practice, or (b) to enable
students to take responsibility for their learning and to work with their peers. In teachers’” discus-
sions, the role of the teacher also emerges. In an ongoing study on the role of the teacher reveals that
teachers often take an invisible role. This means a teacher who avoids disturbing the students in
their interactions about mathematics, only responding to students” questions.

Framing the reasoning and communication difficulties of students

Discussions regarding the reasoning and communication difficulties of the students were the most
common (n = 21). These difficulties were explained by either a lack of experience or cognitive capa-
bility, which could be addressed by letting the students work in groups or develop their opportu-
nities to talk regarding their mathematical thinking and explain their ideas together with the
teacher, as exemplified in the following narrative from Group 1.

1 Hannah They think it is too difficult, to explain their reasoning because they are so

2 concerned about the right answer. Because, when | read the problem to them

3 they raise their hands immediately and say they know the answer. Yes, but | have

4 said many times that | do not want the answer, | want to know how you think and

5 you should work together and cooperate. Many students have not an idea of what to do.

6 Helen They always ask the teacher what to do.

7 Mia | understand exactly what you mean. It is hard for the students to reason and communicate.
8 Hannah Absolutely.

9 Mia What could we do? How should we help them? In a proper way, so they are able to reason.
10 Helen | think we need to put them in groups, to reason together.

11 Hannah Yes, | think that too.

12 Mia They will monitor someone else and be able to get into the reasoning.

This excerpt typical illustrates the results within this category. The teachers are concerned regard-
ing establishing a classroom community where students can reflect and share ideas. Moreover, the
teachers found difficulty in initiating a classroom practice that entails students to share their reason-
ing. They blame the lack of experience (1-2) and cognitive abilities (3—4) of the students (i.e., “the
students do not have an idea of what to do”). Nevertheless, when these teachers are concerned regard-
ing the lack of experience of students, they do not highlight the teacher or learning environment as a
decisive factor. For instance, they do not discuss whether they should establish norms through which
students can communicate and share ideas. The suggested type of support is to let students work
together and cooperate (10). Thus, an underlying idea that students will gain more opportunities
to discuss when they cooperate with peers exists. In terms of the type of support for mathematical
challenges, teachers are relatively lacking in the manner in which they illustrated such types of sup-
port. Furthermore, analysis revealed episodes in which the teachers’ descriptions of instructional
actions to take were focused exclusively on reducing the rigor of reasoning required for students



SCANDINAVIAN JOURNAL OF EDUCATIONAL RESEARCH 1

with difficulties. The reason is that teachers were frustrated by the lack of discussion and cooperation
among student groups, which they believed was due to the ages of the students.

Within this category, the teachers expressed an unproductive diagnostic framing of students’
difficulties in reasoning and communicating. In other words, they blame the students’ lack of ability
and experience and do not emphasize instructional opportunities, such as classroom norms, as the
attribution of the blame. By contrast, the prognostic framing of the teachers was productive,
whereas the type of solutions was to engage students in discussing in groups to encourage all stu-
dents to participate in mathematical activities.

Framing the difficulties of students with motivation, engagement, and encouragement

A total of 19 episodes centered on the difficulties of students with motivation, engagement, or
encouragement. This focus is in contrast with those of other episodes, which were more related
to instruction and less to the students, that is, these difficulties were clearly viewed as the respon-
sibility of the teachers. The most common support identified was task variation, as exemplified in
the following excerpt from Group 6.

1 Clare | was thinking about what you said Jimmie that the students were not engaged and it
2 may not be so easy to find tasks to create and | believe that you need time to create

3 tasks to encourage students to have the will to engage. | believe that too. Because

4 | was thinking of the box of matches, they were very engaged.

5 You have to work to find tasks that generate positive thinking and a will to work

6 further.

7 Sofia And when you do that, you often need to do it together with someone else. To discuss
8 with someone else, what should we do to get into this.

Clare refers to Jimmie, who said that his students’ lack of engagement in mathematics (1) was
difficult for him. Clare then suggested finding tasks that increase student engagement (2-3) and
referred to an experience with a digital program (4), that is, matchbox equations, which is presented
in the guide for Boost for Mathematics. Therefore, the attribution of blame was placed on the lesson
content and tasks given to students. The type of support suggested by Clare (5-6) was to find tasks
that motivated students to work harder. Sofia, the coach, agreed but added that teachers needed to
cooperate to find and develop such tasks (7-8).

There was a common perception in nearly all episodes, wherein the students’ lack of motivation and
engagement concerned the whole class, as illustrated in line 3, when they referred to the students. There-
fore, the teachers did not relate this problem to the individual abilities or age of the students. They
described possible support by finding suitable tasks to overcome the lack of motivation and engagement
of the students, as illustrated in lines 23, which frequently involved a variation in teaching or providing
students with open tasks with multiple answers. A type of support described was giving students “good”
tasks. However, they did not elaborate on which tasks are good. As mentioned in Section 4.1, the tea-
chers’ suggestions for support were relatively general and with a few specific suggestions regarding the
types of activities or tasks that could be used to overcome student engagement problem.

In contrast to other categories, the teachers’ dominant diagnostic and prognostic framings were
productive in terms of the difficulties of students with motivation, engagement, and encouragement.
The type of problem was related to instructional opportunities as a variation between teaching and
suitable tasks. The type of support proposed is engaging and motivating students through tasks that
present the possibility of involving all students in solving challenging problem-solving tasks.

Framing the difficulties of students with conceptual understanding

The teachers mainly portrayed the difficulties of students in terms of conceptual understanding by
emphasizing that students did not understand or they had difficulties with mathematical words and
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concepts. Diagnostic framing was aligned to the student’s lack of ability to grasp concepts. In these
episodes, prognostic framings were frequently associated with the actions of the teachers, as exem-
plified in the excerpt from Group 5. The teachers discussed the module “language in mathematics”
and requirement for preparing a lesson, in which students could work with translations of different
parts of mathematical language using concept maps. In the excerpt below, Sandra reflected on her
lesson.

1 Sandra | made one (concept maps) partly with algorithms and partly with time, and they

2 had to sort it out. Eh, | discovered that this was difficult. It was several words |

3 thought they knew which they had great difficulties to explain and they did not know.
4 So | ended up with funneling, a lot of funneling (laughter). So it ended up that we did
5 it together instead, and | feel that | need to work a lot with this, but they have

6 difficulties; these students and words are difficult.

7 Alice Exciting.

8 Sandra Yes, it is difficult.

The student groups were required to organize different concepts related to time and arithmetic
operations (1). Sandra found that this task was very difficult for her students (2), which was related
to explaining the concepts (3) and a lack of understanding of these concepts (3, 6, and 8). Initially,
Sandra assumed that her students were familiar with those concepts. Sandra described support in
two steps. First, she guided the students as they worked in groups (4) but ended up working on the
problem together with the students in a whole class setting (5).

Within this category, the teacher’s dominant diagnostic and prognostic framings were unpro-
ductive for students with difficulty in conceptual understanding, which were attributed to their
lack of cognitive abilities. The type of support was to reduce the rigor of the learning goals for stu-
dents with difficulties. Such support required the use of funneling patterns to explain the connec-
tion between concepts.

Framing the difficulties of students with procedural fluency

In terms of conceptual understanding, the teachers recognized the difficulties of students with pro-
cedural fluency, which they suggested are related to the inherent traits of students, that is, they felt
that their students lacked the required capabilities. However, this category differed from other cat-
egories in terms of prognostic framing. When the teachers portrayed difficulties in students’ pro-
cedural fluency, nearly all episodes lacked a description of the type of support. Instead, they
focused on other features, as exemplified in the following narrative from Group 7.

1 Tracy | asked them to add all the fractions to see how many whole numbers we

2 end up? Some managed to add two halves but had problems with the quarters
3 and five twenties. It was quite funny.

4 Gina That was good.

5 Tracy Yes, but actually one person was able to calculate, she understood. The

6 others, not that much. No, it was a little too difficult.

7 Clara But was everyone active?

8 Tracy Everyone was active.

9 Clara Do you know what made them active?

10 Tracy Yes, | think | was able to engage these students who normally get involved in such
1 tasks, as they also could draw if they wanted.

The teacher was referring to a lesson in which the students worked in groups to represent frac-
tions using different notations. Each group worked on a specific fraction to which they were

assigned. One of the objectives of the lesson was to understand that fractions of the same size

12
could be written in different notations. Therefore, the groups worked with fractions, such as 1

5
and 1o In the next phase of the activity, they arranged the fractions in a sequence to decide
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which fractions had the same size. The teacher then asked the students to add the fractions (1-2).
The teacher considered this task very difficult for the students as only one student understood how
to add fractions with different denominators (5-6). Thus, Clara opted to focus on something dis-
tinctive by asking if the students were active (7), which tended to emphasize the students’ activeness
instead of their ability to add fractions (7-11).

Framing the difficulties of students with diverse abilities

The discussion on students with diverse abilities was frequently conducted in connection with the
social processes in the classroom and focused on all students being involved in group discussions
during group work and especially on challenges faced by students with low levels of abilities when
working with other students within a group, as exemplified in the following excerpt from Group 8:

1 Karen Just now when we discussed about how to include all, it is a bit exciting

2 to see what is happening if we put them together in different ways or randomly. |
3 find this exciting. You do know your student groups so you have to think what is

4 suitable for you.

5 Yvonne But if you have a low achiever who does not talk that much and are put together
6 with a high-achiever then they will not say anything.

7 Anna | do not think so either.

8 Marie No

9 Yvonne | do believe that they will not say anything.

10 Helen No.

11 Yvonne They will not say anything.

12 Karen This is something that comes with age. This is why it is important that you know

13 your groups and what is working.

The teachers discussed different methods for grouping students. One suggestion was to ran-
domly group the students, as suggested by the coach (2-3). Yvonne contradicted this suggestion
by saying that low-ability students would not say anything in a discussion with high-ability students
(5-6 and 11). All other teachers agreed (7, 8, and 10). The coach, Karen, replied that the other tea-
chers are free to decide on how to group their students (12-13).

The framing of the teachers regarding the type of problem is unproductive, where student
difficulties are attributed to inherent traits. Several students are better than others in terms of math-
ematical abilities and in participating in group discussions. The teachers seemingly desire that all
students should participate in rigorous mathematical group discussions, which is a productive
prognostic framing, but lack specific actions on how to achieve this goal.

Summary of findings

During the discussions, diagnostic framing was mostly related to inherent traits or lack of ability,
which was especially prominent when the teachers discussed difficulties in conceptual understand-
ing and procedural fluency. However, the teacher framings for difficulties in motivation, engage-
ment, and encouragement were mainly related to instruction. In other words, the teachers took
a diagnostic productive view.

The type of support or solutions to these difficulties was generally formulated. The teachers
offered three main solutions, namely, grouping students to encourage them to take responsibility
and overcome their difficulties, engaging the entire class with the mathematical idea, and lowering
the cognitive demand of the activity. The teachers were frequently concerned with the abilities of
the students to discuss and solve problems in groups and stressed that students could learn from
one another. This solution is seemingly standard to the teachers. As such, few specific practices
were suggested to overcome the struggles of students with learning difficulties. Moreover, teachers
considered taking the mathematical solutions of the students as a starting point when describing
their prognostic support.
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Discussion and conclusion

This study contributes to research on teachers’ collegial discussions in PD programs on the difficul-
ties of students related to mathematics learning (Anthony et al., 2018; Horn, 2007; Jackson et al.,
2017; Russo et al., 2020). Analysis focused on the framing of teachers regarding the abovementioned
difficulties in terms of source (diagnostic) and support (prognostic). This study adds to the field by
highlighting the teachers’ views of students’ difficulties in mathematics learning in collegial discus-
sions, especially by categorizing difficulties related to mathematical proficiency (Kilpatrick et al.,
2001). Below we outline and discuss the findings and contributions of the study urging the reader
to interpret them in the light of the relatively large number of teachers participating in the study but
also in relation to the potential limitations of the study elaborated on in the section of methodology.

The findings illustrate that teachers hold different productive and unproductive views of such
difficulties compared with mathematical proficiency. Another contribution concerns the value of
collegial discussions for eliciting the framing of teachers. The study investigated the framing of stu-
dents’ difficulties in mathematics learning during conversations with colleagues. Although framing
was not a part of the content in the PD program, the group of teachers framed the students’
difficulty in mathematics learning to a certain extent. Therefore, this study concludes that teachers
are concerned regarding the difficulties of students in mathematics learning when discussing math-
ematics teaching and learning.

The three key findings of the study are related to the productive and unproductive framings of
students’ difficulties in mathematics learning, teachers’ concerns regarding their students’ discus-
sion, and reasoning, which were observed in approximately 25% of all episodes. The teachers’ fram-
ing of their students’ difficulties in mathematics learning as being common to all students
contradicts the finding of Gamoran Sherin and Van Es (2009), where teachers referred to students
as being low or high when explaining student performance.

Bannister (2015) and Jackson et al. (2017) used the productive and unproductive diagnostic and
prognostic framing concepts to explain how teachers signal encouragement or discouragement
when taking action for students with difficulties. Bannister (2015) found that articulating the
unproductive type of the explanations of students’ difficulties in mathematics learning is concurrent
with articulating the unproductive type of support. Moreover, productive explanations tend to cor-
respond to articulating productive support. Although a strong relationship may exist between the
diagnostic and prognostic framings of teachers, these relationships were not entirely straightfor-
ward, as demonstrated by Jackson et al. (2017) and the current study. However, the results of
the study are in contrast with those of Bannister (2015), where teachers tended to describe unpro-
ductive diagnostic framing, such as “it was too difficult for the students,” in connection with a pro-
ductive prognostic framing, such as working with open-ended tasks and facilitating students in
discussing the problem in groups.

Analysis revealed that the teachers were mainly concerned regarding six difficulties, namely, pro-
blem solving, reasoning and communicating regarding mathematics, motivation and engagement,
conceptual understanding, procedural fluency, and diverse abilities. Nearly 25% of the episodes
were focused on difficulties associated with reasoning and communicating regarding mathematics,
which may be due to the fact that the Swedish curriculum emphasizes mathematical reasoning and
argument as a part of the need to foster democratic citizenship and to develop democratic mindsets
and skills (Forsberg et al.,, 2016). The teachers suggested that the best ways to overcome these
difficulties working through those problems with other students are to provide support through
class discussions, provide students with cognitively demanding tasks, or lower the cognitive
demand by offering simple tasks.

Analysis further revealed that the teachers appeared to view their students as those that share
equal opportunities to engage in mathematics discourse. These results were in contrast to the
view that teachers typically view cognitively demanding instruction modes as inappropriate for
low-achieving students (Horn, 2007; Jackson et al., 2017). The teachers discussed the difficulties
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of students as a whole instead of as individual problems or problems related to differences between
high- and low-performing students. When they discussed students with low-ability, the solution to
help these students to overcome difficulty in group participation was to group students with low-
ability together. However, this concern was mainly related to the need of students to participate in
discussions instead of a focus on mathematical content. A possible reason is that the teachers
mainly viewed engagement and motivation as important for encouraging students to continue
working instead of referring to task-based approaches to overcome difficulties in mathematics.

Designers of PD programs for mathematics education could benefit from the findings of the pre-
sent study. Although the sample teachers tended to rely on productive prognostic framing to sup-
port students with difficulties, they frequently described support in a general manner. For example,
they suggested that the students work with peers but did not elaborate on how to provide students
with the knowledge to learn to engage in such forms of discourse. Furthermore, they suggested that
students work on cognitively demanding tasks, such as problem-solving or open-ended tasks. How-
ever, they did not specify the tasks that could help students overcome such difficulties. At times, the
teachers used unproductive diagnostic framing by blaming student difficulties on inherent traits.
When teachers first engaged in professional discussions regarding the students, they focused on
what students cannot do (Gresalfi & Cobb, 2011; Kazemi & Franke, 2004). However, professional
learning should focus on raising the expectations of teachers regarding their students and on how
teachers can enable the students to meet such expectations.

This study examined the teachers’ framing regarding students with difficulties. However, further
research should focus on how collegial discussions can develop more productive means of explain-
ing student difficulties. This necessary shift in teachers’ views can be guided through key aspects
related to teaching and learning mathematics, such as building on students thinking or using cog-
nitively demanding tasks to overcome specific difficulties in mathematics. The current study found
that teachers frequently use productive prognostic framing in a general manner. Therefore, further
studies should focus on the functions of prognostic framing based on research instead of classroom-
based experience. The current study is a snapshot of teachers’ views of students’ mathematical capa-
bilities during the PD program entitled Boost for Mathematics. Thus, further research could
address changes in the teachers’ framing of the difficulties experienced by students in mathematics
learning during such a PD program.

Regarding the role of collegial discussion and teacher’s pedagogical development, the impli-
cation for future research and practice would be the focus on teachers’ productive prognostic fram-
ings. In line with previous findings (Bannister, 2015; Jackson et al., 2017), teachers need assistance
in terms of supporting students faced with difficulties in participating in rigorous mathematical
activities. The current study demonstrated that the framing of teachers regarding support for stu-
dents with difficulties is relatively general.

Note

1. For more information of the research project, see https://www.mdh.se/en/malardalen-university/research/
research-projects/theorizing-teacher-use-of-curriculum-material-within-mathematics-classroom-practice-
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