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Depending on how it is adopted, there are potential learning gains when teachers use formative assessment.
It is difficult, however, for teachers to learn and implement and beginning mathematics teachers are not
adequately prepared to use formative assessment. Further studies are needed to support the learning and
understanding of how teachers develop their use of formative assessment when teaching mathematics. This
qualitative case study addressed this need by characterising four beginning mathematics teachers’ formative
assessment strategies; that is, focusing on aspects that teachers can use to improve their teaching and
learners can use to improve their outcomes. Data were generated from twelve video-recorded lessons. The
teachers who participated in the study had graduated from the same teacher programme at a Swedish
university and they each had about 18 months of teaching experience after graduation. The findings show
that the most notable differences in teacher practices concern the types of questions they ask, how frequently
they give feedback, and which feedback types dominate their practice. These differences also affect classroom
interactions. The findings are discussed in relation to those aspects of formative assessment that pre-service
teachers need to learn about during their studies. The discussion concludes with some implications for
teacher education.

Keywords - mathematics teacher education research +beginning mathematics teacher-formative
assessment-mathematics teachers -teacher education

Introduction

Formative assessment is difficult for teachers to both learn and implement effectively (Ayalon & Wilkie,
2021), and beginning teachers are not always adequately prepared to use it in practice (Popham, 2009).
They often lack both the knowledge and skills required, which highlights the fundamental role teacher
education has in preparing teachers to use high-quality formative assessment practices (DelLuca &
Klinger, 2010). Also, given the complexity of formative assessment it is important that pre-service
teachers get the opportunity to develop assessment strategies during their teacher education to avoid
them merely reproducing what they experienced as learners (Shepard, 2000). Although both personal
and contextual factors affect the implementation of formative assessment, education has been shown
to have the greatest impact (Yan et al., 2021).

There is some agreement among researchers that formative assessment plays a central role in and
can have a positive impact on learners' outcomes (Dayal & Chand, 2021; Heitink et al., 2016; Pinger et
al, 2018; Shepard, 2000). More specifically, Pinger et al. (2018) found that formative assessment had
positive effects on both learners’ mathematics achievement and interest. Hattie and Timperley (2007, p.
102) claimed that “[fleedback is among the most critical influences on student learning”, and
"[flormative assessment is about feedback” (Tillema, 2010, p. 563). Reports, however, on the effects of
formative assessment on learners’ achievement differ. It is proposed that this may be due to differences
in how formative assessment is implemented (Bostrdm & Palm, 2023; Yan et al., 2021).

Researchers have argued that there is a need to explore further and describe more explicitly the
characteristics of formative assessment practices (Andersson et al., 2017; Bostrédm & Palm, 2023; DelLuca
& Johnson, 2017; Gotwals et al., 2015; Ozan & Kincal, 2018; Yan & Pastore, 2022). Ozan and Kincal (2018)
also suggested that teachers’ formative assessment practices should be examined further through
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qualitative studies. More specifically, DeLuca and Johnson (2017) identified an urgent need to support
both teachers’ work and their learning of assessment practices, arguing for more research that provides
deeper insights into how to support pre-service teachers as well as practicing teachers. This study will
contribute to the field by exploring and characterising four beginning teachers’ use of formative
assessment strategies to better understand how formative assessment can be implemented in practice
and how the use of formative assessment during whole-class instruction can be developed to further
enhance learners’ outcomes. The findings will also be discussed in relation to implications for teacher
education.
The research question guiding this study was:

What is characteristic of the formative assessment strategies of four beginning mathematics
teachers during whole-class instruction?

Background

Defining Formative Assessment

Formative assessment has been on the education agenda globally for decades (Birenbaum et al., 2015).
In educational assessment a distinction is made between the assessment of learning for grading and
reporting, and assessment for learning with the purpose of enabling learners to improve their learning
(Elwood & Klenowski, 2002). Formative assessment emphasises ongoing monitoring and collecting
evidence of students' progress throughout the learning process, while summative assessment primarily
concentrates on measuring and reporting students' learning achievements at the end of a learning
period (Yan et al., 2021). Drawing on three key processes in learning and teaching—establishing where
the learners are in their learning, where they are going, and what needs to be done to get them there
(Black & Wiliam, 2009), Wiliam and Thompson (2008) developed a framework to guide researchers
studying formative assessment. In the framework, formative assessment, or assessment for learning, is
conceptualised by one overarching “big idea” and five key strategies (KS) that can be seen as indicators
of formative assessment practices:

1) Clarify and share learning objectives and success criteria.

2) Create opportunities where the learners can show evidence of their learning, for example,
through classroom discussions and questioning.

3) Provide feedback to support learners’ achievement.

4) Support learners to act as instructional sources for one another, for example, through peer
assessment.

5) Enable learners to own their learning, for example, through assessment.

The "big idea” is that the teacher uses information about learners’ achievement to adjust teaching to
better meet their needs (Wiliam & Thompson, 2008).

Although formative assessment is acknowledged as good classroom practice, it is often described
as a practical and conceptual “work-in-progress” and researchers suggest that more work needs to be
done to develop both the classroom practice (Bennett, 2011) and its conceptualisation (Bennett, 2011;
Torrance, 2012; Van der Kleij et al., 2015).

Teachers' Use of Formative Assessment

It is important to be aware of how formative assessment is used by teachers, because its potential to
enhance learning depends on both the learning context and the manner in which it is implemented
(Black & Wiliam, 1998). However, research indicates that this is a challenging practice for teachers to
adopt (Furtak, 2012). Both teachers’ content knowledge and pedagogical content knowledge affect
teachers' formative assessment practices (Furtak, 2012), and teachers need substantial knowledge to
implement high-quality formative assessment (Bennett, 2011). Bennet concluded further that teachers,
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in general, do not possess that knowledge, and that they needed both time and targeted support to
develop it.

Without sufficient pedagogical content knowledge, teachers may struggle to identify student
misconceptions and to provide effective feedback (Schildkamp et al., 2020). It is often the case that
beginning teachers may be underprepared to utilise assessment strategies that enhance learners’
outcomes (Mitchell, 2006) and find themselves needing additional support to assess learners’
achievement and to address gaps when instructional goals are not realised (Wenzel et al.,, 2023). They
also need time to reflect on their experiences of formative assessment through engagement in cycles
of use, reflection, and adaptation. Of importance is teachers exploring and reflecting on their own
teaching, especially how they ask questions and give feedback, to develop their formative assessment
practices (Torrance & Pryor, 2011). For feedback to be effective, the teacher needs to analyse the
learner's response in order to understand the thinking behind it (Black & Wiliam, 2009), identify specific
actions for learner improvement, and adapt instruction to better support learning (Gamlem, 2015).

Guiaya and Bueno (2019) explored how questioning in mathematics education affects learners and
found that the use of questioning as a formative assessment strategy enhances learning. It is crucial that
teachers’ questioning is framed to explore key features of learning and to promote a classroom climate
where learners can share their ideas even if they are not confident that they have the right answers. The
learners need to be an active part of their own learning and for this to take place the teacher has to
create the right classroom environment (Black et al., 2006). When mathematics teachers ask follow-up
questions it is vital that they listen to and interpret the learners’ answers. They must allow enough wait
time for learners to prepare answers, revoice learners' contributions, encourage discussion, and ask
questions that give their learners the opportunity to elaborate on their initial responses and provide
alternative answers (Lim et al., 2020). Research indicates that learners who encounter teachers who listen
and interpret carefully are given the opportunity to take part in more mathematically productive
discussions and their role shifts from being a respondent to being an active participant (Lim et al., 2020).
Classroom activities in which learners are active participants provide them with a platform to make their
mathematical ideas visible in discussions. These activities are valuable because they offer rich
opportunities for learners to develop conceptual understanding of mathematics (Kazemi & Stipek,
2001).

Teachers knowledgeable about formative assessment may still face challenges when implementing
it in the classroom (Govender, 2019). It seems they struggle to create a balance between their beliefs
about and experiences of teaching and use of formative assessment. and tend to maintain classroom
practice that mirrors those beliefs. Unfortunately, beliefs about conventional approaches to effective
learning and teaching tend to emphasise testing and demonstrate limited awareness of assessment for
learning (Dayal & Chand, 2021). Implementation of formative assessment is also affected by contextual
factors such as school environment, internal school support, and working conditions (Yan et al., 2021).

Teacher Education and Formative Assessment

Teacher education has a critical role to play in preparing competent beginning teachers and when it
comes to assessment education an approach is needed “that integrates practice, theory and philosophy
across concepts of assessment of learning and assessment for learning” (DeLuca & Klinger, 2010, p.
424). The first aspect relates to what a teacher does in the classroom, the second to knowledge of
assessment and evaluation, and the third to broader philosophies of teaching and pedagogies (DelLuca
& Klinger, 2010).

Sleep and Boerst (2012) argued that there should be a focus on formative assessment in teacher
education because of its challenging nature and its importance in teaching. DeLuca and Klinger (2010)
found that pre-service teachers benefit from assessment instruction in courses. Teachers and especially
beginning teachers lack knowledge and skills about assessment. The authors concluded that if teacher
education does not provide compulsory courses in assessment (both summative and formative), then
the pre-service teachers rely on developing assessment competence during their practicum where they
become dependent on the knowledge and skills of their colleague teachers (DeLuca & Klinger, 2010).
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According to Akkog et al. (2016) teacher students’ beliefs about the importance of assessment can be
reinforced by observing mathematics teachers’ use of formative assessment during practicum.

Teacher education, with the fragmented structure of campus and practicum, and instructors with
different approaches to assessment, poses a challenge for education about assessment (DelLuca &
Volante, 2016). “Instructors’ own levels of assessment capability might also, in some cases, be lacking”
(DeLuca & Johnson, 2017, p. 121). Hamodi et al. (2017) explored the influence of pre-service teachers
experiences of formative assessment during their teacher education, on practicum. The pre-service
teachers highlighted two difficulties when trying to implement formative assessment in their teaching—
their working environment and the students’ families. The findings show that “rigid environments, where
few work colleagues are innovative, interfere the implementation of these types of assessment systems”
(Hamodi et al, 2017, p. 184); that is, the teachers need to fit into the general work environment.
Problems about assessment expressed by learners’ families relate to their traditional perceptions of
assessment as examination (Hamodi et al.,, 2017).

Teachers' understanding of educational assessment and the skills needed to practise it would
develop if teacher education prepared pre-service teachers adequately. There are some implications
relating to the content and structure of assessment education; lecturers in teacher education need to
be up to date about assessment research and provide opportunities for the teacher students to connect
theory and practice. Additionally, teacher students need to be given opportunities to reflect on their
concepts and practice in relation to assessment (Xu & Brown, 2016). Teachers' implementation of
formative assessment is also partly based on their own definition of the concept, so it is important for
teacher education to be cognisant of the fact that teachers do not have a shared understanding of the
concept (Harris, 2016). To enhance pre-service teacher opportunities to develop high-quality formative
assessment practices, Buck et al. (2010) suggested including field experiences that involved with cycles
of planning, teaching, and reflection in relation to assessment practices.

Methodology

This study employed a qualitative case study research approach, as this methodology “provides tools
for researchers to study complex phenomena within their contexts.” (Baxter & Jack, 2008, p. 544). This
multiple-case study (Thomas, 2011) comprises four cases and was designed to explore the
characteristics of four beginning teachers’ formative assessment strategies during whole-class
instruction.

Context of the Study

This study was part of a larger study called TRACE (Tracing Mathematics Teacher Education in Practice),
where one of the aims were associated with identifying the influences of teacher education on teachers’
learning. The teachers in this study were chosen because they had graduated as Grade 7-9 mathematics
teachers from the same teacher education programme at the same university and they had all had about
18 months of teaching experience since graduation. The teacher education programme was designed
for students who had already completed the required mathematics studies. Over three semesters, pre-
service teachers studied pedagogy and mathematics education and participated in practical training.
One semester focused on mathematics education where perspectives on teaching and learning in
mathematics were deepened. For example, the pre-service teachers studied the relationships among
teaching, learning, and assessment of learners' knowledge and skill development. A particular emphasis
was placed on the formative and summative functions of assessment, as well as creating a learning
environment conducive with implementing assessment and grading practices in a way that would
promote equity and improve students' learning.

Participants

For this study, the requirement was that the students had graduated as teachers for Grades 7-9 and
were beginning teachers who had been observed in the classroom as part of the larger study, were
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selected. Gabriella, Ethan, Talia and Alexander (pseudonyms) gave informed consent to be involved in
the study. Gabriella and Ethan graduated in January 2017 and were observed in October 2018. Talia and
Alexander graduated in February 2018. Talia was observed in September 2019 and Alexander in October
the same year.

Data Collection and Analysis

The data for this qualitative case study were collected from 12 video-recorded mathematics lessons
taught by the four beginning mathematics teachers (i.e., three mathematics lessons per teacher taught
in sequence). To characterise the formative assessment strategies of the four beginning mathematics
teachers’, the video recordings were transcribed verbatim before being coded. To ensure dependability,
the data were coded on two different occasions to reduce inconsistency in the coding. Further, the
transcripts from two video recorded lessons were coded individually by two scholars, who also went
over the coding jointly to resolve discrepancies until complete agreement was reached.

The characteristics of the formative assessment strategies of the four beginning mathematics
teachers utilised during whole-class instruction were described in terms of the formative assessment
activities the teachers used in their mathematics teaching. The coding was structured according to the
framework proposed by Wiliam and Thompson (2008), where formative assessment is conceptualised
as consisting of five key strategies. The main codes in the coding manual according to the key strategies
were as follows: transparency of the learning goals and success criteria (KS1); elicitation of information
about learner learning (KS2); teacher feedback (KS3); peer feedback (KS4); and learners’ regulation of
their own learning (KS5). Indicators of KS1 are activities related to the teachers’ clarifications of the
learning goals and criteria of success to the learners; KS2 are activities focused on eliciting information
about learner learning; and KS3 are activities corresponding to the way the teachers respond to learners’
comments. Indicators of KS4 and KS5 are activities during whole-class instruction that concern how the
teachers provide the learners with opportunities and encouragement to give peer feedback and regulate
their own learning.

Activities based on the data were given subcodes (see Table 1). Although the initial subcodes for
the five key strategies were based on previous research (Andersson et al., 2017; Andersson & Erixon,
2021), they were refined and expanded as needed. To make the coding procedure transparent, Table 1
presents the data, which includes quotations from the transcripts.
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Table 1

Subcodes and Examples from Data for each Key Strategy

Main code

Subcodes

Examples from data

Transparency of the
learning goals and
success criteria (KS1)

Explicit formulated
learning goal (ELG)

Explicit formulated learning sub-goal (ELSG)
Implicit formulated learning goal (ILG)

Goal of doing (DG)
Criteria of success (CS)

Gabiriella: Today we will start with something new,
namely polynomials.

Talia: We will learn how to calculate the perimeter of a
circle.

Alexander: Why is it useful to know about angles?

Ethan: We begin by doing the tasks in Chapter 2:3.

Gabiriella: The highest level is when you can use this in a
different context.

Elicitation of
information about
learner learning (KS2)

Learner engagement which provides
opportunities to elicit evidence of learning
(EB)

Questioning

The teacher asks a 'how, why, what'
question that requires more developed
answers (QD) and questions that require
short answers like, "Yes" or "No" (QS)
Using assessment material (AM)

The teacher engages learners by asking them to
contribute to whole-class discussion and by writing their
solutions to mathematical tasks on the whiteboard.

Gabriella: What about the first one, a plus b raised to two,
what happens if you expand that?

Alexander: If you know the first one, can you calculate the
other one?

Ethan: Yes, we will do one [exit ticket] today and one
tomorrow, to follow up on what you have learned.

Teacher feedback Answering a question from Learner: Yes, but | don't understand how to factorise, what
(KS3) a learner (FA) does it mean?
Ethan: You take a number and rewrite it with several
factors. In this case, two factors.
Repeating what the learner said (FR) Learner: Something with 3,14.
Talia: It is something with 3,14.
Confirming the answer as correct or Learner: It [the prime number] is only divisible by itself
acceptable (FC) and one.
Ethan: Right.
Explaining (often by simplifying or Alexander: You subtract with 180, so you can say that the
deepening) (FE) angle u plus the angle v will be 180 because that is the
straight angle.
Initiating mathematical reflection on the Talia: And explain your solution.
solution process (FQ)
Dismissing the answer as Learner: A right [angle].
incorrect/not acceptable (FW) Alexander: No, that one was right.
Inviting the other learners to give a Ethan: (refers to a solution to a mathematical task
response (F) provided by a learner) Good, then divide by 12 and get
26 years ... Comments on this, anyone?
Peer feedback (KS4) Providing opportunities to act as peer Talia: Try to solve it [the task] on your own in your books.

resources (PO)

Then you will get time to discuss the solution [with your
group]. Then we'll do it on the whiteboard.

Learners’ regulation
of their own learning
(KS5)

Providing opportunities for
learners to take ownership
of their learning (SO)

Encouraging the learners to complete exit tickets, tests
and examples of tasks from national tests for diagnostic
purposes.

Use of more than one
code

This is an example of a part of the dialogue
containing more than one code, confirming
the answer as correct (FC) and initiating
mathematical reflection on the solution
process (FC)

Yes, you can round to 51, but there's something else
missing in the solution.

Findings

The analysis of the video transcripts showed that activities concerning eliciting information about
learner achievement (KS2) and activities related to the way teachers responded to learners’ comments
(KS3) differ greatly among the four participants' classroom practices. Differences were observed in
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classroom interactions, how the learners are involved in the formative assessment processes, and the
teachers’ opportunities for acquiring information about the learners’ needs. To better understand the
cases of the beginning teachers’ formative assessment strategies, the findings are introduced with an
overview of the formative assessment strategies. The characteristics of the four different practices are
depicted as four different cases and each case is introduced with a short description of the mathematical
content of the lessons in the next section.

Overview of the Characteristics of the Formative Assessment Strategies
of Four Teachers

The teachers shared and clarified learning goals (KS1) differently, thereby offering different degrees of
transparency. The learning goals were presented mainly in three ways: as an explicit formulated learning
goal, as a sub-goal, or as a goal of doing (Table 2). The teachers also asked questions in different ways,
with questions that required short answers, such as "Yes" or "No" (QS), dominated in three of the four
classroom practices. Questions about "how, why, and what" that required more developed answers (QD),
only dominated in Ethan’s practice. The occurrence of these two types of questions in 60 minutes of
teaching is presented in Table 2 to provide an overview of questioning related to KS 2. Table 2 also
highlights the total number of feedback occasions per hour of class time and Figure 1 shows the five
most used feedback types (KS3). Although the purpose is not to focus on quantitative aspects in relation
to KS2 and KS3, this overview is important to better understand the qualitative differences and the
presentation of how these practices are characterised.

Table 2
Overview of the Four Teachers' use of Formative Assessment Strategies
Alexander Gabriella Ethan Talia
The goal is a goal of doing an explicit a goal of doing a goal of doing and as
presented mostly as formulated learning an explicit formulated
...(KST) goal or subgoal sub-goal
Number of 109 53 15 157

questions (QD+QS)
used per 60 minutes
(KS2)

(34% QD, 66% QS)

(47% QD, 53% QS)

(67% QD, 33% QS)

(30% QD, 70% QS)

Number of feedback
occasions per 60
minutes (KS3)

102

85

145

96

Providing
opportunities to act
as peer resources
(KS4)

Invites to whole-
class discussions

Invites to whole-
class discussions,
encourages learners
to help each other

Invites to whole-class
discussions and to write
solutions on the white-
board

Invites to whole-class
discussions and to
discussions in smaller
groups

Providing
opportunities for
learners to take
ownership of their
learning (KS5)

Provides opportunity
to take part in
whole-class
discussions

Provides opportunity
to take part in
whole-class
discussions

Provides opportunity to
take part in whole-class
discussions, uses exit
tickets, uses national
tests as diagnostic tools

Provides opportunity

to take part in whole-
class discussions, uses
exit tickets, uses tests
as diagnostic tools

Note. QS = questions that require short answers, such as "Yes" or "No," QD = Questions about "how, why, and what" that require
more developed answers.

The five most common feedback types used by the teachers are presented in Figure 1:
The teacher answers a question from a learner.

The teacher confirms the answer as correct or acceptable.
The teacher explains (often by simplifying or deepening).
The teacher invites the other learners to give a response.
The teacher repeats or reformulates what the learner said.
The teacher dismisses the answer as incorrect/not acceptable.

The teacher initiates mathematical reflection on the solution process.

FA:
FC:
FE:
Fl:
FR:
FW:
FQ:
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Figure 1. Percentages for the five most common feedback types used by each teacher.

In relation to KS4, there were some occasions where the teachers provided opportunities for their
learners to act as resources for one another. For example, learners were asked to share their solutions
to mathematical tasks on the whiteboard or to discuss them with each other in smaller groups or in
whole-class discussions. The teachers sometimes provided opportunities for their learners to take
ownership of their learning (KS5). For example, learners were expected to complete exit tickets, the
teachers used tests and tasks from national tests as diagnostic tools and encouraged active participation
in discussions about mathematical tasks and examples.

Four Cases of Beginning Mathematics Teachers' Formative Assessment
Strategies

The four practices are outlined below to illustrate their key characteristics. Teachers typically began their
lessons by discussing mathematical tasks or examples with the whole class, followed by a period of
individual work during which the teachers moved around the classroom, observing learners (KS2) and
providing individual support.

The case of Alexander
Alexander started lessons with whole-class instruction and a discussion about mathematical examples
of geometry (with a focus on angles). The goal of the lesson (KS1) was presented predominantly as a
goal of doing, but on some occasions, Alexander wrote examples on the whiteboard and the learners
were asked to guess the goal:

Alexander: How much have you done in this chapter? You were going to do [Chapter] 15.7.

Teacher: Can someone guess what we are going to talk about?
Alexander asked many questions (KS2) compared to the other teachers and about two thirds were
questions that required short answers, such as "Yes" or "No" (QS). About a third of the questions
Alexander asked were about 'how, why, and what’ questions that required more developed answers. An
example is when Alexander and the class discussed angles and the discussion ended with a question
that encouraged the learners to tell all they know about angles:

Alexander: Aha! What more do you know about angles?

This question led to increased interaction and participation of several learners in the discussion.
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Alexander used different types of feedback (KS3) on 102 occasions per 60 minutes (see Table 2 and
Figure 1). The least used feedback type in their whole-class instruction is the teacher answers a question
from a learner (FA, 8%) and the most commonly used feedback type is the teacher repeats or
reformulates what the learner said (FR). Alexander asks the learners which of the angles written on the
whiteboard is an acute angle and repeats the answer:

Learner: Bottom left

Alexander: Bottom left mmm.
By repeating the answer, the teacher confirmed the learner's contribution. Later, Alexander asked
questions about the definition of an acute angle. The first question, which required a more developed
answer, was followed immediately by a question that only required short answers but the learners were
not given the opportunity to answer the first one. The second question was answered by a learner and
the teacher confirmed the answer as correct (the second most commonly used feedback type, FC) and
explained FE:

Alexander: If we call this one v, how would we write it mathematically? That is, less than 90 degrees; what
does it have to be greater than?

Learner: 0 degrees.

Alexander: Yes, it should be greater than 0, because otherwise it doesn't exist.

By inviting the learners to participate in whole-class discussions, Alexander provided opportunities for
them to take part in each other's explanations and answers and thereby acted as resources for each
other (KS4). By actively participating in these discussions, the learners became aware of what they
needed to improve based on the discussions, which created opportunities for them to take ownership
of their own learning (KS5).

The case of Gabriella
The lessons started with whole-class instruction where Gabriella led discussions about algebra, which
were focused on polynomial. This was followed by individual work with tasks in the digital textbook.
Gabriella described the learning goal (KS1) as an explicit formulated learning goal or an explicit learning
sub-goal:

Gabriella: Today we will start with something new, namely polynomials.
Gabriella: Now we will soon start with second-degree polynomials.

Success criteria (KS1) were rarely discussed in Gabriella’s whole-class teaching, but there were some
instances where she emphasised the importance of understanding:

Gabriella: ... understand why they [perfect square trinomial formulas] look the way they do.

Gabriella asked fewer questions (KS2) than Alexander and Talia and slightly more than half of them
required short answers such as "yes or no" (53%). When Gabriella asked questions, the learners were
often not given an opportunity to answer, which affected the opportunities to elicit evidence of learning.
The following example illustrates how Gabriella asked questions when multiplying polynomials with
brackets:

Gabiriella: We start by multiplying 2x, and then we take x multiplied by 2x. We can change places on
these factors because it's multiplication, then it's the same as 2x multiplied by x, but x
multiplied with x? Do you remember? [turns to the learners but continues to answer the
question herself, even though a learner answers the question]. That is x raised to the power
of two.

Gabriella also used questions about how, why, what that required more developed answers. On this

occasion the class worked with the perfect square trinomial formula:

Gabriella: But you know the bracket is preceded by a negative sign, and when we take away the brackets,
what will happen then?

Gabriella used different types of feedback (KS3) on 85 occasions per 60 minutes (see Table 2 and
Figure 1). The teacher explained was the most used feedback type:

Gabriella: If we are going to simplify 2x+3x+4
Learner: 5x-4
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Gabriella: Exactly, then we will find the terms of the same degree to add, or the same variable. In this

case these two, then it will be 5x-4'. You already knew this, right?

Gabriella invited the learners to participate in discussions about mathematical tasks but did not
always give them opportunities to answer the questions. Also, her responses to the learners when they
did answer lacked feedback. This limited the learners' opportunities to engage in each other's
explanations and answers and act as resources for each other (KS4) during whole-class discussions. or
become aware of what they needed to improve based on the discussions; and thus their possibilities for
taking ownership of their own learning (KS5). There were times, however, when Gabriella encouraged
the learners to help each other solve mathematical tasks and act as resources for each other.

The case of Ethan
The lessons started with whole-class instruction where Ethan led discussions about mathematical
examples of divisibility. In most cases, he presented the goals of the lessons (KS 1) in terms of what
tasks to complete, as a goal of doing:

Ethan: Solve the tasks on page 32.

Ethan asked fewer questions (KS2) than the other three teachers and two thirds of the questions were
about how, why, what that required more developed answers. He often asked the learners to explain or
develop solutions to mathematical problems or to explain concepts:

Ethan: 28-1. Yes, and can you factorise this to prime factors in some way? Can you develop?

Ethan also encouraged the learners to contribute to whole-class discussion, which provided an
opportunity to elicit evidence of learning (KS2), by asking them to write solutions to mathematical tasks
on the whiteboard. Ethan also used exit tickets (KS2) to follow up on what the learners acknowledged
as learning:

Ethan: Yes, we will do one today and one tomorrow, one exit [note], just to follow up on what you

have learned.

Ethan used feedback (KS3) more often than the other teachers—on average 145 feedback occasions
per 60 minutes (see Table 2 and Figure 1). The frequent use of the feedback type, the teacher answers
a question from a learner (FA) implies that the learners asked a lot of questions:

Learner: What do you mean by factorise?

Ethan: Factorise means, if you have, for example the number six, then you can factorise and then
you can think, then you write 3-2. And then you can try to factorise as far as possible. If you
think that we factorise as far as possible. Then you can take 12, 4-3 and 4 can be written as
22

By encouraging the learners to contribute to whole-class discussions about mathematical tasks and to
write solutions of mathematical tasks on the white board, Ethan provided opportunities for the learners
to act as resources for each other (KS4). Ethan also provided opportunities for them to take ownership
of their own learning (KS5) by encouraging them to complete exit tickets, to use mathematical tasks
from national tests as diagnostic tools, and to participate in whole-class discussions.

The case of Talia
Talia's lessons started with whole-class instruction and discussion of mathematical examples about
geometry and problem solving. The discussions were followed by individual work from the textbook.
During this time, Talia walked around the classroom, observing (KS2) and helping learners individually.
In one of the lessons, Talia alternated whole-class instruction with individual work in short sessions,
presenting the goal of learning (KS1) in two ways—as a goal of doing, and referring to problem solving:
Talia: Today we are going to do problem solving.

Problem solving was set as an explicit learning sub-goal, when the goal was to learn about the perimeter
of some specific shapes.

Talia asked more questions (KS2) than the other teachers and about 70 percent were questions that
required short answers such as "yes or no" (QS). Talia invited the learners to answer the questions, but
did not always give them opportunities to respond, sometimes asking questions in quick succession
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with a mix of questions that required short answers and questions that required more developed
answers. Some of the questions had the potential to elicit evidence of learning; however, this required
the learners being given opportunity to respond and interact. The following quotation shows how Talia
asked questions when the class was discussing the perimeter of some specific shapes:

Talia: What did you say? Do you have any questions? Do you want to add something? Did | forget

something?

In addition to these activities, Talia used exit tickets (KS2) to assess learning during the lesson and better
understand where the learners needed further development. Talia introduced the exit-ticket to the
learners as follows:

Talia: ! want to see what you have learned and what you need to learn more about after this lesson.

Talia used different types of feedback (KS3) 96 times every 60 minutes (see Table 2 and Figure 1). The
most used feedback type was the teacher confirmed the answer as correct or acceptable (FC). The
following quotation is an example of how Talia confirmed an answer as correct when the class discussed
scale:

Learner: 7 centimetre represents 200 centimetres.

Talia: Exactly.
In Talia's classroom, there were activities that challenged the learners to discuss tasks and solutions with
each other:

Talia: Good. Then, | thought you should have time to work it out by yourselves first. Then you'll

discuss in groups, and then we’ll do it on the board. How does that sound?

Several times, Talia provided opportunities for the learners to act as resources for each other (KS4) by
encouraging them to discuss mathematical tasks with each other and to take part in whole-class
discussions about tasks. She also provided opportunities for learners to take ownership of their learning
(KS5) by encouraging the use of exit tickets, the use of tests as diagnostic tools, and participation in
whole-class discussions.

Discussion and Conclusion

The aim of this study was to characterise the formative assessment strategies in whole-class instruction.
Questioning as a formative assessment strategy in mathematics teaching can support learning (Guiaya
& Bueno, 2019). The findings from this study showed that the types of questions the teachers used,
and how they used them, differed across classrooms. Using different questionings made it possible for
the teachers to elicit information about learners’ mathematical thinking and learning to various extents.
Although the teachers employed similar types of feedback, they used them to different degrees, and
both questioning and feedback influenced patterns of classroom interaction. Whole-class discussions
created opportunities for learners to act as peer resources, for example, when the learners wrote
solutions to mathematical tasks on the whiteboard and when they discussed mathematical tasks in small
groups. The learners were encouraged to take ownership of their learning through the use of exit tickets,
diagnostic tests, and participation in whole-class discussions.

Gabriella most often used explicitly formulated learning goals or sub-goals, whereas the other three
teachers mostly used goals of doing. Although learning goals are not formative assessment strategies
per se they are crucial for the effective implementation of other key strategies (Black & Wiliam, 2006),
as formative assessment aims to enable learners to understand their learning and the goals they are
working towards (Elwood & Klenowski, 2002). Clearly articulated learning goals also provide teachers
with stronger opportunities to evaluate whether learners have achieved the intended outcomes and
whether teaching needs to be adjusted.

Alexander and Talia asked more questions than the other teachers, the majority of which were
questions that required short answers like, "Yes" or "No", and did not give the learners opportunity to
elaborate on their initial responses or provide alternative answers (Lim et al., 2020). These questions
were limited in their capacity | to make the learners’ mathematical thinking visible (Sleep & Boerst, 2012).
Talia also asked one question after another without giving the learners an opportunity to answer. It is
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important that teachers interpret learners’ answers carefully and let them take part in mathematical
discussions to enable them to shift from being a respondent to being an active participant (Lim et al,,
2020); active participation is essential for making mathematical ideas visible in classroom discussions.
When mathematical ideas become visible, they can offer rich opportunities for learners to develop
conceptual understanding of mathematics (Kazemi & Stipek, 2001). Teachers also need to be able to
construct questions to elicit information about learner needs (Gottheiner & Siegel, 2012). However, most
of the questions the teachers asked did not elicit much information about learner achievement and did
not promote the development of understanding of mathematics.

Gabriella and Talia both used questions that required more developed answers about the
mathematical solution processes applied. These questions invited the learners to share their thoughts
about how to solve mathematical tasks. In Talia's teaching, however, the learners were often not given
an opportunity to prepare answers and elaborate on their responses, representing lost opportunities
for formative assessment (Lim et al., 2020). This was also the case when Gabriella asked questions and
did not confirm the answers or give the learners an opportunity to respond. This highlights how
important it is for teachers to reflect on how they pose questions and give feedback (Torrance & Pryor,
2001), as well as how they listen to and interpret learners’ contributions in mathematical discussions
(Lim et al., 2020).

Across the four cases, feedback was most commonly used to repeat learners' responses, confirm
answers as correct, explain content, or answer learners' questions. Alexander and Talia primarily used
two feedback types: confirming the answer as correct or acceptable and repeating what the learners
said. These feedback types do not focus on learners' reasoning or understanding of mathematical
content. The feedback type answering a question from a learner was used infrequently, which suggests
that the learners rarely had opportunities to make their mathematical thinking visible through
questioning. Gabriella differed from Talia and Alexander in her more frequent use of explanatory
feedback. Although such explanations support the visibility of mathematical content, the limited use of
learner-initiated questions and the restricted opportunities for learners to respond suggest constrained
opportunities for learners to contribute their own mathematical thinking.

Ethan's feedback practices differed from those of the other teachers as he frequently responded to
learners' questions. This meant that much of his feedback, created opportunities to make mathematical
thinking visible. When learners actively formulated questions, they expressed what they understood or
needed support with, allowing Ethan to adapt his teaching accordingly. His practice aligns more closely
with effective formative assessment, including analysing learners' responses to understand their
thinking (Black & Wiliam, 2009), identifying actions for learner improvement, and adapting instruction
to support learning (Gamlem, 2015). In contrast, the feedback practices of the other teachers had more
limited potential for informing instructional decisions.

Although the four beginning teachers had graduated as Grade 7-9 mathematics teachers from the
same teacher programme, had similar teaching experience, and worked within the same curriculum
context, their formative assessment strategies differed markedly, especially in relation to questioning,
feedback, and the interaction. These differences raise questions about opportunities provided in teacher
education for learning about formative assessment. Research suggests that using formative assessment
is challenging for teachers and especially for beginning teachers (Bennett, 2011; Furtak, 2012; Popham,
2009), and that both content knowledge and pedagogical content knowledge influence its
implementation (Furtak, 2012).

Teacher education is therefore fundamental for development of formative assessment competence
(DelLuca & Klinger, 2010; Xu & Brown, 2016). Previous research highlights the importance of providing
opportunities for the teacher students to connect theory and practice (Xu & Brown, 2016), and providing
opportunities for reflection. Some pre-service teachers, however, reported having limited experience in
connecting theory and practice (Christiansen & Erixon, 2024). Another aspect is opportunity for pre-
service teachers to reflect on practice in relation to formative assessment (Xu & Brown, 2016). During
their teacher education, they need to be part of a parallel process of practice and reflection (Andersson
& Erixon, 2021) and reflection should be integrated into cycles of planning and teaching (Buck et al.,
(2010).
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The study highlights the need for teacher education to focus more explicitly on developing teachers'
skills in asking questions that elicit information about learners' understanding and in using feedback to
make learners' thinking visible. Pre-service teachers need structured opportunities to reflect on how
their questions and feedback influence classroom interaction and learning. Given the influence of
pedagogical content knowledge on effective feedback (Schildkamp et al., 2020), beginning teachers
may be underprepared to utilise formative assessment strategies that support learning (Mitchell, 2006)
and often need additional support to assess learners' achievement and to address gaps in their learning
(Wenzel et al., 2023). Overall, the findings suggest that more research is needed to better understand
how teacher education affects teachers’ formative assessment practices, particularly how theory and
practice are connected during teacher preparation.

Limitations

Using only video-recordings of whole-class instruction, it was not possible to identify all types of
activities related to formative assessment, only directly observable activities. These activities, however,
add important information about the use of formative assessment in beginning mathematics teachers’
teaching and contribute to the understanding of how teachers develop their use of formative
assessment. This study did not focus on teachers' reflections on their practice or on learners' experiences
of it. A forthcoming study that includes these aspects would represent an interesting development of
this research.
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