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A B S T R A C T

Formative Assessment (FA) has demonstrated positive effects on learning, yet a gap remains in 
understanding how it takes shape in specific disciplines such as mathematics. Grasping this sit
uated dimension is essential for advancing theoretical and practical frameworks on how teachers 
appropriate and re-interpret formative assessment principles under real classroom conditions. 
This study examines how secondary mathematics teachers construct professional narratives about 
FA after participating in a professional development program. We conducted a qualitative anal
ysis of 213 meaning units derived from open-ended responses to a final survey completed by 88 
teachers and triangulated these data with 135 excerpts from four focus groups involving 24 of the 
participating teachers. Through inductive and comparative coding, we identified 14 FA practices 
organized into four dimensions: (1) a culture of dialogue and peer learning, (2) supporting self- 
regulation, (3) feedback loops, and (4) tasks and dialogues that make mathematical thinking 
visible. Focus group analysis also revealed two emergent dimensions: reconfiguration of the 
teacher’s role and emotional tensions associated with pedagogical change. The findings show 
that, in mathematics, FA is appropriated not as a set of discrete techniques but as an interde
pendent system of practices that reshapes classroom interaction, learning regulation, and the 
roles of teachers and students. The study contributes evidence on the situated appropriation of FA 
in mathematics and suggests that its implementation transforms not only classroom practices, but 
also teachers’ understandings of teaching, learning, and their professional role.

1. Introduction and theoretical framework

Two decades have passed since the most influential formulations of the five key strategies of formative assessment were formulated: 
setting and sharing learning goals, generating feedback that drives progress, fostering peer collaboration, activating students as agents 
of their own learning, and collecting evidence of learning (Black & Wiliam, 2009; Leahy et al., 2005). Complementarily, other authors 
expanded this field by proposing models that conceptualize formative assessment as a cyclical and continuous process of collecting, 
interpreting, and using evidence to regulate teaching and learning (Cizek et al., 2019; Popham, 2008). Both ways of conceptualizing 
formative assessment have led to proposing FA practices as a continuum between more structured, formal practices and others that are 
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more informal, spontaneous and situated (Ruiz-Primo & Kroog, 2018). Although these conceptualizations have made a significant 
contribution to the field, a gap remains in the literature regarding how the continuum of formative assessment practices is understood 
and narrated by teachers within specific disciplinary contexts. In particular, there is limited empirical evidence on how teachers 
interpret, articulate, and construct professional accounts of these ideas in relation to their teaching, which is especially relevant given 
the documented need to strengthen the connection between teacher-education policies and teachers’ own professional 
meaning-making (Allen & Penuel, 2015).

Against this background, the aim of this study is to examine how mathematics teachers construct professional narratives around 
formative assessment after participating in a professional development initiative based on the five strategies mentioned above. Rather 
than treating teachers’ responses as a simple catalog of techniques, we analyze how they describe, interpret, and give meaning to 
formative assessment practices in relation to everyday mathematics teaching.

1.1. Assessment for learning and teaching

Although formative assessment is often understood as a mean to optimize student learning, it is also conceived as a strategy that 
transforms teaching into a process of shared inquiry between teachers and students. From this perspective, formative assessment 
becomes a teaching strategy that structures pedagogical interaction around generating, interpreting, and using evidence to guide 
instructional decisions (Popham, 2008; Ruiz-Primo, 2011; Wiliam, 2011).

Ruiz-Primo (2011) expands this conception by introducing the idea of formative assessment as a continuous, multilevel process in 
which evidence of learning—informal or formal, immediate or cumulative—is gathered and interpreted to serve pedagogical 
decision-making. From this viewpoint, formative assessment does not occur at a single moment but is embedded in the everyday 
gestures of classroom life: the questions the teacher asks, the explanations students construct, the reformulations and real-time ad
justments that occur. The key lies in using the information obtained to modify teaching and learning while improvement is still 
possible.

Finally, Popham (2008) defines formative assessment as an intentional, planned process of using evidence, whose value depends 
less on the instruments used than on the teacher’s ability to interpret the information and act on it. From this perspective, the focus is 
not on data collection but on feedback that guides both teacher and student toward the next steps in learning. Popham emphasizes that 
assessment is truly “formative” only when the information gathered leads to an instructional or cognitive change.

Taken together, these contributions shape a conceptual framework that conceives formative assessment as a situated professional 
practice—one that requires the teacher’s interpretive judgment to make sense of evidence and translate it into instructional decisions. 
Today we know which strategies constitute formative assessment and how they should operate in theory; however, far less is known 
about how mathematics teachers understand and interpret these principles in their everyday practice. This gap motivates the present 
study, which seeks to explore how teachers themselves narrate and represent their assessment practices and make sense of formative 
assessment within the specific context of mathematics teaching.

1.2. Formative assessment in mathematics education

In recent years, a growing body of work has argued that formative assessment strategies do not transfer directly across disciplines; 
rather, they acquire distinctive forms shaped by the ways of knowing, reasoning, and participating that each field fosters. This line of 
discussion has driven a shift from a “generalist” view of formative assessment toward one that conceives it as a deeply situated practice, 
anchored in the epistemologies and instructional demands of each discipline (Surma et al., 2025). A recent systematic review of 
formative assessment training programs reinforces this turn: 60.87% of the studies analyzed adopted subject-specific approaches, 
showing a growing preference for disciplinary-relevant frameworks (von Hagen et al., 2025).

In mathematics, this trend is pronounced. The systematic review by Maskos et al. (2025), which examined 45 studies published 
between 2015 and 2023, concludes that while formative assessment is associated with improvements in teaching and learning, its 
effects are notably heterogeneous. The magnitude and consistency of outcomes depend on the type of mathematical content, teachers’ 
repertoires of practice, and the duration and coherence of implementation. Programs that integrated specific mathematical tasks, 
opportunities to analyze students’ reasoning, and contextualized feedback showed far more robust effects than those based on general 
approaches. By contrast, short interventions or those misaligned with curricular content tended to produce null or inconsistent results. 
The review also highlights a persistent limitation: the frequent lack of detail about the concrete practices teachers enact and the 
mechanisms through which these practices influence mathematical learning. This absence, the authors argue, constitutes an 
“implementation gap” in empirical research on formative assessment in mathematics.

Critical perspectives support this debate. Bennett (2011) and Dunn and Mulvenon (2009) caution that the impact of formative 
assessment depends not only on the quality of its implementation but also on the disciplinary domain in which it is embedded. 
Formative assessment does not manifest uniformly across curricular areas; its effectiveness is deeply tied to the type of reasoning each 
discipline requires and to the forms of intellectual participation it fosters (Bennett, 2011). In mathematics, this involves interpreting 
evidence that reveals students’ mathematical thinking, distinguishing between conceptual and procedural errors, and offering feed
back that supports progress in conceptual understanding (Jacobs et al., 2010). This is work that demands specialized pedagogical 
judgment grounded in knowledge of mathematical content and reasoning processes (Salamanca et al., 2023).

This complexity is also reflected in Dayal’s (2021) study, which examined how two mathematics teachers incorporated formative 
assessment after participating in a portfolio-based training program. Despite receiving the same intervention, the teachers showed 
markedly different levels of adoption: while one was able to integrate practices aligned with the formative approach—such as 
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clarifying success criteria, promoting reflection, and fostering peer work—the other maintained a transmission-oriented and 
control-centered model of teaching. Dayal concludes that teachers’ beliefs about teaching and assessment act as interpretive filters that 
shape how they adopt and make sense of formative assessment. Only when teachers internalize formative assessment as a tool for 
supporting learning—rather than as a technical procedure—do more interactive, dialogic, and learning-oriented practices emerge.

Thus, recent literature suggests that the key challenges in the effective implementation of formative assessment in mathematics lie 
not in the absence of strategies, but in how teachers interpret them, make sense of them, and weave them into their disciplinary 
practice (Andersson & Palm, 2017; Dayal, 2021; Maskos et al., 2025). Despite this growing body of research, there remains a limited 
number of qualitative studies that examine in depth how mathematics teachers themselves interpret, internalize, and enact formative 
assessment within their everyday classroom practice. While systematic reviews and conceptual analyses have documented hetero
geneous effects and emphasized the importance of disciplinary alignment, less is known about the concrete meanings teachers 
attribute to formative assessment and the ways these meanings shape their instructional decisions in mathematics classrooms. 
Addressing this gap is particularly relevant given the specialized nature of mathematical reasoning and the pedagogical judgment it 
requires.

1.3. Professional development in formative assessment

Although formative assessment is widely valued by teachers, the literature consistently shows that its effective implementation in 
classroom practice remains complex and challenging. Key difficulties include the persistent tension with summative assessment and 
grading cultures, the time demands involved in providing high-quality feedback and creating opportunities for students to revise and 
improve their work, and the challenge of interpreting evidence of learning beyond right–wrong answers and transforming it into 
adaptive instructional decisions (Lamberg et al., 2020). In response to these challenges, a growing body of research highlights the 
central role of sustained professional development in supporting teachers’ enactment of formative assessment practices, showing that 
brief or strategy-focused training is insufficient. Empirical studies indicate that effective programs are characterized by extended 
duration, engagement with authentic classroom evidence, structured reflection on instructional decision-making, and repeated op
portunities to experiment and refine practice in real teaching contexts, thereby increasing the likelihood that what is learned in 
professional development is meaningfully translated into classroom practice (Gotch et al., 2021; von Hagen et al., 2025).

1.4. The present study

Previous research by our team showed that mathematics teachers who participated in an intensive 80-hour professional devel
opment program demonstrated significant improvements in the implementation of formative assessment practices, both overall (d =
0.838) and in specific dimensions such as collaboration (d = 0.640), feedback (d = 0.691), and self-assessment (d = 0.606), with 
medium-to-large effect sizes (Balbi et al., 2025). These improvements were reflected in a greater emphasis on formative feedback, peer 
assessment, and opportunities for learning-oriented reflection—changes that were also perceived by the students themselves.

However, while the quantitative results are robust, they do not explain how teachers made sense of the formative assessment 
practices promoted in the training, how they adapted them to mathematics teaching, or how these practices became part of their 
professional narratives. As noted earlier, generalist approaches to formative assessment are insufficient to capture its conceptual 
complexity and discipline-specific character (Andersson & Palm, 2017; Dayal, 2021; Maskos et al., 2025). Understanding this 
complexity requires qualitative approaches that give voice to teachers and illuminate their pedagogical decision-making.

1.5. Aim and research question

This study adopts a qualitative, interpretive approach to examine how mathematics teachers construct professional narratives 
about formative assessment after participating in a professional development program. We focus on how teachers describe and make 
sense of formative assessment in their everyday classroom decisions. Rather than identifying or cataloging formative assessment 
practices, our interest lies in understanding how teachers represent, interpret, and give meaning to these practices through their 
accounts of mathematics teaching.

Guided by this purpose, the study addresses the following research question: How do mathematics teachers construct professional 
narratives about formative assessment after participating in a professional development program? By analyzing these narratives, the 
study seeks to understand how formative assessment principles are interpreted, appropriated, and discursively constructed in relation 
to the specific demands of mathematical thinking and the realities of classroom teaching. The evidence generated is intended to inform 
the design of professional development initiatives that foster sustainable, context-sensitive changes in formative assessment.

2. Method

2.1. Research design overview

This study employs a qualitative, interpretive design within a naturalistic paradigm. This approach was selected to move beyond 
the measurement of the program’s effectiveness documented in a previous quantitative phase and to develop an in-depth, situated 
understanding of how mathematics teachers interpret and enact formative assessment in their specific teaching contexts. The research 
process was discovery-oriented and drew on procedures commonly associated with this tradition (Charmaz, 2008)—such as inductive 
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coding, constant comparison, and iterative movement between data and emerging categories.
Data were generated through two complementary methods: an online post-course survey including an open-ended question and a 

series of semi-structured focus groups with course participants. The survey invited all teachers (N = 88) to briefly describe formative 
assessment practices they considered representative of their everyday work in mathematics, providing a broad overview of strategies 
in use. Focus groups were then conducted with a purposive subsample of teachers to elicit richer, collectively negotiated accounts of 
how these practices were implemented, adapted, and justified in specific classroom and school settings. Combining individual written 
self-reports with group discussions allowed us to triangulate perspectives and to capture the complexity of formative assessment as a 
situated professional practice rather than a fixed set of techniques.

2.2. Participants and context

2.2.1. Context and researcher positionality
The study was conducted in the context of an intensive 80-hour professional development program on formative assessment for 

secondary school mathematics teachers in Uruguay, distributed over 16 weeks (approximately 5 h per week) (Balbi et al., 2025). The 
program was explicitly designed to strengthen teachers’ assessment practices around five key strategies of formative assessment, 
integrating theoretical input with classroom-based tasks and opportunities to analyze students’ mathematical thinking.

Authors had prior experience working with in-service mathematics teachers and shared a professional commitment to formative 
assessment as a tool for supporting learning rather than only certifying achievement. This background informed an interpretive lens 
focused on understanding how teachers make sense of formative assessment principles within their disciplinary practice.

The first two authors were also involved in the design and facilitation of the professional development program. To manage the 
potential influence of these dual roles, the team adopted a reflexive stance throughout the study, discussing assumptions in analytic 
meetings and attending to alternative interpretations of the data. The professional development course and all data collection in
struments were administered in Spanish, the participants’ working language.

This study was approved by the Ethics Committee of the Universidad Católica del Uruguay (file 200723c).

2.2.2. Participants
A total of 88 Uruguayan secondary school mathematics teachers (81.82% female) completed the professional development course 

and constituted the pool of participants for the study. Most participants (77.27%) held degrees in mathematics education, which 
indicates a high level of subject-specific pedagogical preparation and familiarity with disciplinary ways of reasoning and assessing. 
Teachers taught in the first three years of lower secondary education in Uruguay (equivalent to 7th, 8th and 9th grade), with 42 
teaching 7th, 30 teaching 8th, and 38 teaching 9th grade. The majority (72.7%) taught seven groups or fewer annually, with an 
average of 5.76 classes (SD = 2.58, range: 1–14). Class sizes averaged 23.63 students (SD = 5.44), and 90% of classes included between 
16 and 29 students. This configuration suggests conditions that may be compatible with the individualized feedback and interactive 
practices emphasized in formative assessment.

Regarding workload, teachers reported an average of 19.53 weekly direct teaching hours (SD = 10.45), mainly in the public sector.
In terms of professional experience, the majority (70%) had four years or less of teaching practice, indicating a predominantly 

early-career cohort.
In addition to the survey completed by all 88 teachers, in-depth qualitative data were generated through four focus groups with 24 

volunteers from this same cohort.

2.2.3. Sampling strategy and recruitment
Five weeks after the completion of the course, four focus groups were conducted with a total of 24 secondary school mathematics 

teachers (six per group). All participants provided informed consent prior to participation.
A purposive sampling strategy was adopted to balance heterogeneity and homogeneity across dimensions relevant to the study. 

Heterogeneity was sought in terms of institutional governance (public, private, and vocational secondary schools), geographic region, 
and grade level taught (Grades 7, 8, and 9), to capture a range of contextual perspectives. At the same time, groups were composed to 
be relatively homogeneous with respect to years of teaching experience. This decision was intended to promote equitable participation 
and reduce potential asymmetries associated with markedly different professional trajectories.

Table 1 
Composition of the Focus Groups.

Focus Group (FG) Participant Profile

FG1 (n = 6 / invited =
14)

Teachers from public, private, and vocational secondary schools, from the Central, Northern Littoral, and Northeastern regions of the 
country, teaching in Grades 7, 8, and 9. This group comprised teachers with limited professional experience (< 8 years).

FG2 (n = 6 / invited =
20)

Teachers from public, private, and vocational secondary schools, from the metropolitan area, the eastern region, and the southern 
littoral, teaching in Grades 7, 8, and 9. The group consisted of teachers with intermediate professional experience (10–14 years).

FG3 (n = 6 / invited =
16)

Teachers from public, private, and vocational secondary schools, predominantly from the metropolitan area and the littoral region, 
teaching in Grades 7, 8, and 9. This group included teachers with extensive professional experience (15–30 years).

FG4 (n = 6 / invited =
11)

Teachers from public, private, and vocational secondary schools, from the Central, Eastern, Northern Littoral, and Northeastern regions 
of the country, teaching in Grades 7, 8, and 9. The group was composed of teachers with intermediate professional experience (10–20 
years).
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Participation was voluntary, and invitations were sent by email without financial incentives. The final group size (six participants 
per focus group) was considered appropriate to facilitate in-depth discussion and balanced interaction. Data collection concluded 
when discussions displayed rich and recurrent patterns, with subsequent sessions contributing nuance rather than substantially new 
categories, consistent with thematic saturation for this design. Table 1 summarizes the final composition of the focus groups.

2.2.4. Researcher–participant relationship
The professional development program was presented to teachers primarily as a training opportunity to strengthen formative 

assessment in mathematics and participation in the research study. To minimize potential power imbalances and ensure that 
participation did not affect teachers’ evaluation in the course, focus groups were scheduled after the training process and associated 
assessments had concluded. Participants were assured that their contributions would be anonymized and that no individual school or 
teacher would be identifiable in publications.

2.3. Data collection

Data were collected using a two-phase sequential design that combined an open-ended survey with semi-structured focus groups.

2.3.1. Phase 1: open-ended survey
The first phase involved a self-administered online survey completed immediately after the professional development course. The 

questionnaire included both closed items and three open-ended questions related to formative assessment. The present study focuses 
specifically on the post-course prompt: “Name up to three formative assessment practices you use in your classroom”. This open-ended 
question was designed to capture, in teachers’ own words, a concise snapshot of the strategies they themselves considered most 
representative of their everyday work, without constraining their responses through predefined categories or forced-choice formats. 
The survey was completed individually by teachers via Google Forms, at a time and place of their convenience. Participation in the 
research component was voluntary, and responses had no implications for course grades or certification.

Across the 88 participating teachers, this item yielded 213 distinct response units. For the purposes of analysis, each unit was 
defined as a segment of text (typically a sentence or clause) that described a single formative assessment practice.

2.3.2. Phase 2: semi-structured focus groups
To deepen our understanding of how these reported practices were actually enacted and interpreted in classroom settings, we 

conducted four semi-structured focus groups five weeks after the course ended.
A purposive sample of 24 teachers (six per group), described above, was invited to participate. Sessions were held on Zoom and 

lasted approximately 60–90 min. Only the moderator and the participating teachers were present during each focus group. Each focus 
group was moderated by a member of the research team not involved in assessing teachers’ coursework.

The focus groups followed a semi-structured protocol designed to guide the conversation while allowing space for emergent 
themes. The protocol covered three central domains: (a) teachers’ experience of the professional development course, (b) the specific 
formative assessment practices they had implemented in their mathematics lessons, and (c) barriers and enabling conditions for 
implementation in their schools. The current analysis focuses on the second domain, probing how teachers adapted and integrated 
formative assessment strategies into the specific demands of the mathematics curriculum and the realities of their classrooms. 
Questions were open-ended (e.g., “Can you describe a recent lesson in which you used [X]?”; “How did you decide to use this strategy 
in this particular topic?”), and follow-up probes were tailored to the flow of each discussion. At the beginning of each session, the 
moderator emphasized the voluntary nature of participation, the non-evaluative character of the space, and the confidentiality of the 
information shared, with the aim of fostering an honest, dialogic atmosphere in which both successes and difficulties could be 
discussed.

2.3.3. Recording and data transformation
With participants’ informed consent, all focus group sessions were video-recorded online and transcribed verbatim. During 

transcription, identifying information (e.g., names of teachers, students, or schools) was removed or replaced with pseudonyms to 
protect confidentiality. Survey responses were exported from the online platform into a spreadsheet and anonymized prior to analysis.

Field notes were taken during and immediately after each focus group to document contextual nuances, group dynamics, and initial 
analytic impressions. These notes were later used to contextualize the transcripts and to support reflexive consideration of the re
searchers’ role in shaping the discussions.

2.4. Data analysis

We conducted an inductive qualitative thematic analysis drawing on procedures commonly associated with constructivist 
grounded theory (Charmaz, 2008), such as iterative coding, constant comparison, and the progressive refinement of categories, with 
the aim of constructing a categorical framework of teachers’ formative assessment practices. Our objective was to understand how 
secondary mathematics teachers describe and make sense of formative assessment after participating in the professional development 
program.

The analysis was carried out in three sequential stages, moving from a broad categorization of reported practices to a deeper 
interpretation of how these practices were enacted and interpreted in context. Data management and coding were conducted using 
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NVivo software, which enabled the organization of codes and the systematic retrieval of excerpts associated with each category.

2.4.1. Stage 1: inductive analysis of survey responses
The first stage focused on teachers’ responses to the post-course survey question. The unit of analysis was defined as a unit of 

meaning: a distinct segment of text (typically a sentence or clause) conveying a complete idea about a formative assessment practice.
The first and third authors independently conducted open coding of all units of meaning, working line by line and staying as close as 

possible to the language used by the teachers. After independent coding, the authors compared their code lists, discussed discrepancies, 
and agreed on a harmonized coding scheme. During this process, similar codes were merged, refined, or split as necessary, resulting in 
a stable set of categories.

The final set of categories summarized the survey responses in terms of distinct formative assessment practices.

2.4.2. Stage 2: analysis of focus group data
Focus group transcripts were analyzed using a hybrid deductive–inductive approach. The 14 survey-based categories from Stage 1 

served as a provisional framework. Focus group excerpts were mapped onto these categories when they described, illustrated, 
expanded, or contextualized one of the formative assessment practices already identified in the survey data. Coding decisions were 
based on the overall meaning of each excerpt. When an excerpt addressed a dimension of teachers’ experience that was not adequately 
captured by the existing categories, it was coded as emergent. Excerpts were also treated as emergent when their meaning cut across 
several categories without fitting clearly within a single practice-based code.

Across the focus group data, 98 excerpts were mapped onto the 14 survey-based categories, expanding and refining the under
standing of those practices, while 37 excerpts were initially coded as emergent because they were not fully captured by the preliminary 
framework. After this initial coding, excerpts within each category were compared to identify recurring meanings, variations, and 
contextual conditions associated with each practice. Mapped excerpts were used to deepen the interpretation of the 14 formative 
assessment practices, while emergent excerpts were retained for Stage 3, where they were analyzed inductively to identify themes not 
captured by the initial practice-based framework. This procedure made it possible to examine both the continuity between data sources 
and the aspects of teachers’ accounts that extended beyond the initial categorization.

Both the mapped and emergent excerpts were further examined to identify broader analytical themes that described dimensions 
associated with the implementation of formative assessment practices.

2.4.3. Stage 3: review and integration of emergent excerpts
The first author reviewed the excerpts initially coded as emergent, re-examining each fragment in light of the analytical themes 

developed in Stage 2 and the original categorical framework from Stage 1. This process allowed for the refinement of the thematic 
framework and ensured that emergent excerpts were properly contextualized relative to the predefined categories.

Through iterative comparison across survey responses and focus group excerpts, the 14 formative assessment practices were 
subsequently organized into four broader pedagogical dimensions that represented different ways of integrating formative assessment 
into teaching and learning processes. The excerpts initially coded as emergent were further reviewed and consolidated into two cross- 
cutting dimensions —Reconfiguration of the Teacher’s Role and Emotional Tensions Associated with Pedagogical Change— which were 
treated analytically as transversal to the full set of identified practices.

Fig. 1. Configuration of formative assessment practices. 
Note. Percentages are calculated using the 311 units of analysis coded to the formative assessment practices.
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3. Results

A total of 348 units of analysis (distinct segments of text conveying a complete idea about a formative assessment practice) were 
identified in the corpus. Fourteen formative assessment practices that teachers reported incorporating into their mathematics lessons 
after participating in the professional development program accounted for 311 of these units. These practices were organized into four 
broader dimensions: (1) dialogue and peer learning culture, (2) supporting self-regulation, (3) feedback loops, and (4) tasks and dialogues that 
make mathematical thinking visible. Fig. 1 summarizes this analytical organization. In addition, the focus groups revealed two cross- 
cutting emergent dimensions—reconfiguration of the teacher’s role and emotional tensions associated with pedagogical change
—represented by the remaining 37 units of analysis.

3.1. Dimension 1. Dialogue and peer learning culture

This dimension integrates three practices: cofeedback, collaboration, and justifying and explaining reasoning. Together, these 
practices describe classrooms where learning is no longer organized exclusively around teacher–student interaction but increasingly 
relies on student–student interactions that promote the exchange of ideas, argumentation, and reflection on the procedures used to 
solve mathematical problems.

Within this dimension, cofeedback emerges as one of the most frequently reported practices. Teachers described a range of ac
tivities in which students exchange their work, review their peers’ solutions, and discuss criteria for improving their responses 
(Teacher (T)_16; T_65; Focus Group (FG) 1–2; FG4–1). In many cases, these dynamics involve a shift in the teacher’s role from directly 
validating answers to facilitating dialogue among students. As one teacher explained: “Trying to move away from the role of being the one 
who says whether something is right or wrong, leaving it more open for dialogue among them so they can exchange ideas and reach an agreement 
about what is correct and what is not” (FG1–1). Through these processes, teachers observed that students developed greater motivation 
for learning, driven both by the opportunity to improve their own work and by their interest in examining and responding to the work 
of their peers (FG1–3; FG-2).

Peer interactions are also supported by practices that encourage students to explain and justify their mathematical reasoning, 
whether in pairs, small groups, or whole-class discussions. Teachers mentioned tasks that require students to argue for their pro
cedures, compare different solution strategies, or justify the feedback they provide on a classmate’s work (T_11; T_24; T_93).

Finally, several teachers noted that these practices involve explicitly teaching students how to collaborate, recognizing that 
working in groups does not automatically lead to productive interactions. In the focus groups, some teachers described how they began 
dedicating time to structuring collaboration through deliberate group composition or by establishing norms for providing useful 
feedback to peers (FG3–1; FG3–2; FG3–3; FG4–2). As one teacher noted, organizing groups sometimes requires “stepping out of the 
comfort zone” when forming teams that encourage meaningful exchanges among students (T_38). Together, these practices contribute 
to creating a classroom climate in which discussing, explaining, and revising one’s own ideas and those of others becomes a central part 
of learning mathematics, fostering more participatory and reflective ways of engaging with mathematical thinking.

3.2. Dimension 2. Supporting self-regulation

This dimension brings together four practices: resubmission, self-assessment, learning from mistakes, and assessing without 
grading. Together, these practices describe an approach to assessment in which learning is understood as a gradual process of 
improvement, where students have opportunities to revise their work, reflect on their own learning, and use error as a source of 
understanding.

Within this dimension, the practice of resubmission amplifies the impact of feedback by providing new opportunities for 
improvement. Teachers described several mechanisms that allow students to revise their work, such as repeating an activity based on 
the feedback received (T_20), reworking written assessments before their final grading (T_59), or completing tasks in successive stages 
that lead to an improved final product (T_62). In all cases, revision was conceived as a genuine learning opportunity: “allowing them to 
rework some tasks… seeing that error is part of the process” (T_56).

In the focus groups, several teachers mentioned that they began offering more opportunities for students to redo or improve their 
work. For example, some reported encouraging students to repeat an activity in the following class or to bring a corrected version of a 
task to review together (FG1–1). Others described how, after an assessment, students can review their errors, reformulate their an
swers, and submit a new version of the task (FG1–4; FG2–1). In several cases, teachers observed that these second opportunities foster 
greater commitment and responsibility among students, who begin to perceive assessments not as a final judgment but as part of their 
learning process (FG3–1; FG4–1).

A second practice relates to self-assessment. Teachers described various strategies aimed at encouraging students to reflect on how 
they are learning, identify their progress, and make decisions to improve. These practices include asking questions about how students 
feel about the activities, what strategies they are using, or what they need to improve (FG2–3). In some cases, teachers incorporated 
specific moments to review the learning process, inviting students to think about what they had learned during the week, what dif
ficulties they encountered, or what steps remained ahead (FG3–1; FG3–3).

In the focus groups, several teachers noted that promoting self-regulation involves helping students take responsibility for their 
own learning and develop greater autonomy. As one teacher expressed, the goal is for students to “know where we are going so that they 
can self-evaluate and see how they feel about certain contents or skills” (FG2–4). Likewise, some teachers highlighted that these practices 
not only foster individual reflection but also collaboration among peers, as students can support one another in understanding the 
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content and revising their work (FG2–2; FG4–6).
A third practice concerns learning from mistakes, using them as a starting point for students to reflect on the reasoning involved in 

problem solving. Rather than simply pointing out incorrect answers, activities are oriented toward exploring why a particular error 
occurred and what ideas or interpretations underpin it (T_6; T_16). In the focus groups, some teachers noted that this approach requires 
students to develop a more analytical perspective on errors, interpreting them as indicators of mathematical thinking rather than 
merely mistakes to be corrected (FG2–1).

Finally, several teachers mentioned the practice of assessing without grading as a strategy to keep the learning process open. 
Instead of immediately assigning a numerical grade, some teachers choose to provide qualitative comments that guide the revision of 
the work and allow students to improve their tasks before the evaluation is closed. As one teacher noted, they now avoid “grading 
numerically… and instead provide oral or written comments highlighting achievements and suggesting how to improve” (T_18). Others reported 
prioritizing written or oral comments without including a grade, so that feedback can be used to revise and improve students’ work 
before the final evaluation (T_12; T_40; T_59).

3.3. Dimension 3. Feedback loops

This dimension brings together four interrelated practices: replanning, clarifying goals and success criteria, feedback, and the use of 
digital technologies. Together, these practices describe a process in which feedback is no longer understood as an isolated moment but 
rather as a loop that connects the definition of goals, the interpretation of evidence, the feedback provided to students, and the 
pedagogical decisions made on the basis of that information.

Within this dimension, the first practice refers to replanning based on evidence of learning. Teachers described situations in which 
they use evidence gathered in activities or assessments to adjust instruction, modify the pace of teaching, or revise the sequence of 
content. For example, some mentioned reviewing assessments to identify recurring errors and deciding to “modify the annual planning 
because I realized I had to go back to a topic” (T_29). In the focus groups, several teachers noted that they began to view the records of 
classroom activities as evidence of both students’ learning and their difficulties, using this information to decide which content to 
review or where to place greater emphasis (FG1–1; FG1–2). In some cases, this process also involved reflection on their own teaching 
practice, evaluating whether the decisions taken were supporting learning or needed to be adjusted (FG2–1).

A second practice concerns the clarification of goals and success criteria. Teachers described different strategies for sharing with 
students the purpose of activities and the expected learning outcomes. These include explaining goals at the beginning of a class or a 
unit (T_22), presenting lists of knowledge and skills to be developed (T_38), or using rubrics and checklists that make evaluation 
criteria explicit (T_35). In the focus groups, several teachers reported that they began to share learning objectives more explicitly, 
recognizing that they had not always done so before (FG2–1; FG1–1). This practice enables students to understand the direction of 
classroom work and to reflect on their own progress. As one teacher explained, sharing the objective involves showing “where we are 
going and what we want to achieve”, preventing students from carrying out activities without understanding the purpose of the process 
(FG1–2). Likewise, some teachers mentioned the use of rubrics or checklists before assessments so that students know what is expected 
of them and can anticipate the criteria by which their work will be evaluated (FG3–1; FG4–1; FG4–3).

A third practice relates to feedback oriented toward learning. Teachers described feedback aimed at understanding students’ 
thinking and promoting improvement in their work. This feedback can take different forms—oral, written, individual, or 
collective—and seeks to provide specific comments that help students identify what they have achieved, what they need to review, and 
how they can continue progressing (T_46; T_48; T_50). In the focus groups, teachers noted that they began paying greater attention to 
the timing and quality of the feedback they provide, recognizing that “not every feedback is useful” for supporting learning (FG1–1). 
Some also described feedback as a cyclical process that includes reviewing errors, reformulating responses, and generating new op
portunities for improvement (FG2–1). In this sense, feedback is understood as part of a continuous process that involves both teachers 
and students, as well as their peers (FG3–1).

Finally, several teachers mentioned the use of digital technologies as mediators of feedback. Digital tools such as quizzes on 
educational platforms, interactive applications, or student response systems were used to provide rapid feedback and collect evidence 
about students’ learning (T_2; T_12; T_60). These tools allow, for example, students to receive automatic feedback on their responses or 
to review their attempts during an activity. In the focus groups, some teachers noted that the course allowed them to discover new 
digital tools and begin using them in their classes, even when they had previously felt uncomfortable with technology (FG2–1). Others 
mentioned the use of educational platforms to provide immediate feedback during activities, which facilitates collecting evidence of 
learning in real time and adjusting instruction based on that information (FG3–1).

Together, these practices configure a feedback loop in which learning goals, classroom evidence, the comments offered to students, 
and pedagogical decisions are dynamically connected, allowing teaching and learning to be continuously adjusted to the needs that 
emerge in the classroom.

3.4. Dimension 4. Tasks and dialogues that make mathematical thinking visible

This dimension integrates three practices: open-ended tasks, dialogic questioning, and teacher interpreting students’ thinking. 
Together, these practices describe classrooms in which tasks and interactions make students’ mathematical thinking visible, providing 
teachers with opportunities to observe their reasoning, interpret their ideas, and understand how they approach problem solving.

Within this dimension, open-ended tasks occupy a central place. Many teachers reported using low-floor, high-ceiling tasks, open- 
ended problems, or prompts that allow multiple solution paths (T_6; T_22; T_73). These tasks were valued because they enable teachers 
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to observe how students justify their procedures, compare strategies, and discuss different possible solutions. At the same time, 
teachers highlighted that this type of activity allows students with different levels of performance to participate in mathematical 
activity. As one teacher noted, these tasks make it possible to identify “whether I can continue deepening the concept or whether it is 
necessary to reinforce what has already been worked on” (T_22). In this sense, open tasks function as windows into students’ math
ematical thinking, as they allow access not only to the results obtained but also to the reasoning processes that support them.

These tasks are closely connected to the teacher’s role in generating dialogue around mathematical ideas. Teachers described 
situations in which they encourage students to explain their procedures and discuss different ways of solving a problem (T_11; T_73). 
These exchanges offer teachers opportunities to understand how students are interpreting the concepts addressed in class.

Finally, teachers emphasized the importance of developing professional noticing to interpret evidence of students’ thinking. This 
involves paying closer attention to the comments, errors, and interactions that occur during class in order to understand ongoing 
learning processes. In the focus groups, several teachers mentioned that they began listening more carefully to what students say while 
working on tasks, recognizing that previously they tended to speak too much and did not always give themselves time to observe and 
listen to how students were thinking (FG1–1). Other teachers described creating informal records to follow students’ progress across 
lessons, considering not only the results obtained but also aspects such as participation, collaboration, and the ways students respond 
to difficulties (FG1–2; FG1–3). Some also noted that interpreting these signals requires training and reflection, as it involves learning to 
recognize patterns in students’ comments and errors and using this information to guide instructional decisions (FG2–1; FG2–2).

Together, these practices position classroom tasks and dialogues as key mechanisms for making students’ mathematical thinking 
visible, enabling teachers to gather evidence from students’ reasoning and interactions and use that information to support learning.

3.5. Emergent dimension: Reconfiguration of the teacher’s role

One of the emergent findings refers to a reconfiguration of the teacher’s role in the classroom. Participants described a process of 
revising their own practices and beliefs about teaching, which involved moving from a role more focused on controlling the class, 
transmitting content, and validating answers, toward a position more oriented to facilitating learning, listening to students, and 
supporting their reasoning.

In several interventions, teachers noted that they began to question the central position they had traditionally occupied in class
room dynamics. Some acknowledged that, prior to the professional development experience, they tended to monopolize speaking time 
and assumed that they were the ones who had to lead the activity continuously. As one teacher expressed, when reflecting on her 
practice she realized that “the one who spoke the most in class was me”, which led her to try to listen more to her students and give them a 
greater role in constructing mathematical ideas (FG1–2). Similarly, other teachers mentioned that they learned to “step out of the 
position of being the one who says whether something is right or wrong”, creating spaces where students discuss, argue, and validate their 
own responses (FG1–5).

This change also involved partially relinquishing control of the classroom and accepting more open working dynamics. Some 
teachers noted that they began to feel more comfortable with group work, even when it involved more movement or conversation 
among students, interpreting this “noise” as a sign that the class was active and that students were engaged in their work (FG1–3).

This dimension also captured reflections related to teachers’ professional identity. Several participants reported revisiting as
sumptions about their own practice, questioning routines that they had naturalized over time. Some described this experience as an 
opportunity to “critique their own practice” and recognize that there were still aspects they could improve (FG2–1). Others emphasized 
that exchanging experiences with colleagues and accessing conceptual frameworks grounded in theory and scientific evidence 
strengthened their confidence in certain practices they had previously carried out intuitively, but could now support with stronger 
theoretical foundations (FG3–1).

Finally, some teachers summarized this change as a transition from a “judge” to a “coach” role in the classroom. Rather than 
focusing on evaluating or certifying students’ performance, the teacher’s role shifts toward accompanying students’ learning processes 
(FG4–1). Taken together, these reflections suggest that implementing formative assessment practices not only introduces new 
instructional strategies but also promotes a deeper redefinition of the teacher’s role within classroom dynamics.

3.6. Emergent dimension: emotional tensions associated with pedagogical change

A second emergent dimension refers to the emotional tensions that accompany processes of pedagogical change. In the focus 
groups, several teachers described that incorporating formative assessment practices not only involved learning new instructional 
strategies, but also navigating processes of uncertainty, discomfort, and questioning deeply rooted professional habits.

In particular, some teachers noted that modifying the traditional dynamics of the classroom initially generated feelings of anxiety 
or loss of control. For example, one teacher explained that when she allowed students to work more autonomously, she felt uneasy and 
even guilty, because she had the impression that “they were doing everything and I was just standing there doing nothing” (FG1–2). 
These emotions appear to be linked to previous conceptions of the teacher’s role, in which the visible activity of the teacher is 
associated with effective teaching.

Similarly, several teachers mentioned that it was challenging to accept more open classroom dynamics, where group work involves 
greater movement and conversation among students. In some cases, this required revising beliefs about what constitutes an “orderly” 
or “controlled” classroom, gradually learning to interpret these interactions as part of the learning process (FG1–1; FG1–3).

Another source of tension mentioned by teachers relates to pressures associated with time, planning, and expectations of 
achievement. Some participants highlighted that implementing more open practices requires recognizing that students progress at 

A. Balbi et al.                                                                                                                                                                                                           International Journal of Educational Research 140 (2026) 103079 

9 



different paces and that activities may require more time than initially planned. This situation often led teachers to reconsider de
cisions regarding the selection of content and the pacing of the course (FG1–5). In this sense, pedagogical change also involved 
learning to make decisions based on evidence of student learning, even when this meant modifying the original planning (FG1–4).

In addition, several teachers pointed out that the transition toward more formative forms of assessment generated tensions related 
to the strong cultural emphasis on grading. Some described difficulties in shifting students’ focus away from grades and toward the 
learning process, noting that this change requires time and persistence. As one teacher expressed, encouraging students to focus on the 
process rather than the grade was “a constant struggle” throughout the year (FG2–2).

Taken together, these reflections suggest that the implementation of formative assessment practices not only entails pedagogical 
transformations but also involves emotional and professional processes of adaptation, in which teachers confront uncertainties and 
revisit their beliefs about teaching and learning.

4. Discussion

This study shows that, after participating in a professional development program on formative assessment, mathematics teachers 
not only reported incorporating specific practices into their lessons, but also reconfiguring the way they understand teaching, learning, 
and classroom participation. The fourteen practices identified, organized into four dimensions, together with the two emergent di
mensions, suggest that formative assessment is appropriated in mathematics not as a repertoire of isolated techniques, but as an 
interdependent system of practices that reshapes classroom interactions, the regulation of learning, and the positions occupied by 
teachers and students in mathematical activity.

At the outset, we expected the five strategies of Wiliam’s (2011) model to emerge rather directly in the practices reported by 
teachers, since these strategies were introduced in the professional development program. Indeed, our findings show that these 
strategies are present in the fourteen practices identified. The fact that teachers’ accounts were produced after their participation in the 
program is therefore central to how these findings should be read. From this perspective, the narratives analyzed here offer insight into 
how teachers began to integrate what they had encountered in the program into their own pedagogical reasoning. This corresponds to 
the intermediate stages of Desimone’s (2009) theory of action, in which professional development is expected to shape teachers’ 
knowledge, skills, attitudes, and beliefs, and then support changes in instructional practice. Rather than providing a neutral description 
of pre-existing practices, these accounts show which formative assessment principles teachers appropriated, how they adapted them, 
and how they connected them to the specific demands of mathematics teaching. This is particularly relevant given that effective 
professional development is not only a matter of transmitting strategies, but of supporting teachers’ capacity to interpret classroom 
situations and respond flexibly to students’ thinking (Kennedy, 2019). In this sense, the findings can be understood as evidence of a 
process of professional sense-making, in which formative assessment was not described simply as a set of techniques to be applied, but 
as a way of rethinking mathematical learning, student participation, and pedagogical decision-making.

Therefore, the main contribution of the study does not lie merely in confirming that what was taught in the professional devel
opment program appears in teachers’ narratives, but in showing that those ideas were appropriated, adapted, and reinterpreted. When 
formative assessment is reinterpreted within the context of mathematics teaching, these strategies no longer appear as isolated ele
ments and instead become articulated into broader dimensions that point to a deeper pedagogical transformation.

In this sense, the findings support the view of formative assessment as a continuous process of generating, interpreting, and using 
evidence to guide pedagogical decisions (Ruiz-Primo, 2011), while also extending this idea by showing how that principle is enacted 
through an architecture of situated practices. The four dimensions identified — dialogue and peer learning culture, supporting 
self-regulation, feedback loops, and tasks and dialogues that make mathematical thinking visible — suggest that formative assessment 
does not simply modify particular assessment strategies, but introduces a different way of understanding how learning occurs and how 
it should be supported in the mathematics classroom.

4.1. Dimension 1. Dialogue and peer learning culture

The first dimension, centered on a culture of dialogue and peer learning, highlights that formative assessment takes on a partic
ularly powerful expression when the classroom is no longer organized exclusively around teacher–student interaction and is also 
sustained by exchanges among students. Within this framework, practices such as cofeedback, collaboration, and the justification of 
reasoning not only expand the sources of feedback available, but also make argumentation and the revision of procedures constitutive 
parts of mathematical learning. This interpretation is consistent with Biton’s (2025) study, which shows that peer assessment can foster 
deep learning by helping students recognize knowledge they did not initially perceive in themselves, and with Patchan et al. (2022), 
who found that peer feedback can be as effective as teacher feedback when students are exposed to multiple perspectives from their 
classmates. Our findings reinforce this line of research and further suggest that such practices require explicit teaching: collaboration, 
argumentation, and the provision of useful feedback do not emerge automatically, but form part of a classroom culture that teachers 
need to build deliberately.

4.2. Dimension 2. Supporting self-regulation

The second dimension points to a continuous and self-regulated conception of learning, in which assessment does not close the 
process, but prolongs it. The postponement of grading, opportunities for resubmission, self-assessment, and work on error appeared as 
conditions that sustain improvement and turn assessment into an input for cycles of revision, re-elaboration, and dialogue between 
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teachers and students. In the context of mathematics teaching, this logic is consistent with evidence linking peer feedback practices to 
greater clarity about learning goals, closer monitoring of one’s own work, and greater enjoyment of the activity (Vattøy & Gamlem, 
2024). Taken together, our findings suggest that self-regulation does not emerge as an individual skill detached from teaching, but 
rather as a pedagogical construction sustained by recurring opportunities for revision, reflection, and improvement.

4.3. Dimension 3. Feedback loops

The third dimension shows that formative assessment becomes consolidated when goals, feedback, replanning, and the use of 
evidence are articulated in a genuine feedback loop. This finding speaks to the literature that understands formative assessment as a 
cyclical, regulatory process rather than a one-off event (Ruiz-Primo, 2011), and as a continuous sequence oriented by goals, evidence, 
and subsequent pedagogical action (Maskos et al., 2025). Within this logic, making goals and criteria explicit did not operate as a rigid 
prescription, but as a shared reference point that oriented students’ participation and sustained the regulation of their work. This result 
is consistent with international evidence on self-regulation and goal clarity (Panadero, 2023), while also adding an important nuance 
for mathematics education. Faced with the difficulty — previously documented by our own team — of sharing goals in a discipline 
where many objectives emerge during the development of the task itself (Balbi et al., 2022), teachers appeared to resolve this tension 
flexibly. Rather than eliminating that disciplinary specificity, they integrated it through the use of rubrics, checklists, and meta
cognitive questions, allowing goals to function as supports for feedback without abandoning a problem-solving approach or the di
dactic value of error.

4.4. Dimension 4. Tasks and dialogues that make mathematical thinking visible

The fourth dimension underscores the role of tasks and dialogue as mechanisms for making students’ mathematical thinking 
visible. In particular, teachers described the use of problem-solving approaches, open-ended tasks, and multiple solution paths as 
resources that allow them to gather evidence about how students are reasoning while solving problems. This finding is in line with 
Olivares (2024), who shows that teachers value open approaches because of their capacity to promote critical thinking, collaboration, 
and autonomy. Our findings extend this idea by suggesting that such tasks not only support richer forms of learning, but also make it 
easier to respond to the diversity of attainment levels present in the classroom. By enabling different strategies, forms of participation, 
and mathematical productions, these tasks avoid reducing students with greater difficulties to closed or overly directive formats and 
make visible capabilities that might remain unnoticed in single-answer tasks. In this regard, the findings of Ron-Ezra and Levenson 
(2025) further support the view that open tasks can reveal valuable forms of reasoning even among students with learning diffi
culties. From this perspective, formative assessment may also be understood as a potentially inclusive practice.

At the same time, making students’ thinking visible does not in itself guarantee appropriate pedagogical decisions. Here, our 
findings resonate with Parodi et al. (2024), who argue that noticing and interpreting signs of students’ thinking is only one part of the 
process, since deciding how to act pedagogically on that basis requires an even more complex form of expertise. Similarly, Leatham 
et al. (2015) conceptualize mathematically significant pedagogical opportunities as classroom moments in which student thinking can 
be used to support engagement with important mathematical ideas. The accounts provided by our participants suggest that recognizing 
and acting on such opportunities involves a professional sensitivity that is progressively refined through everyday classroom inter
action, as teachers learn to distinguish between routine actions and moments that open possibilities for deeper mathematical dis
cussion. Consequently, professional development should not be limited to supporting the design of open tasks, but should also include 
the development of teachers’ capacity to interpret such opportunities and respond to them pedagogically.

4.5. Emergent dimensions: reconfiguration of the teacher’s role and emotional tensions associated with pedagogical change

Finally, the two emergent dimensions indicate that the incorporation of formative assessment practices mobilizes an identity- 
related and emotional reconfiguration of teachers’ work. The convergence between the redefinition of the teacher’s role and the 
emotional tensions associated with pedagogical change shows that implementing formative assessment does not simply involve 
incorporating new strategies, but revisiting deeply rooted assumptions about control, authority, grading, and responsibility for 
learning. In this respect, our findings are in dialogue with literature showing that reforms are reinterpreted through processes of 
professional sensemaking (Coburn, 2001), that such processes often activate vulnerability and uncertainty (Kelchtermans, 2005), and 
that emotions are constitutive of the way teachers experience and negotiate change in practice (Zembylas, 2003). From this 
perspective, professional development in formative assessment should not be limited to teaching strategies; it should also support the 
working through of the emotional and professional tensions that emerge when the focus shifts from teaching and grading toward 
listening, interpreting, accompanying, and progressively ceding greater protagonism to students.

4.6. Implications for formative assessment in mathematics classrooms

Taken together, these findings have specific implications for formative assessment in mathematics classrooms. First, they suggest 
that formative assessment should not be understood only as the use of general assessment strategies, but as a way of organizing 
classroom activity around the elicitation, interpretation, and use of students’ mathematical thinking. Teachers need to attend to, 
interpret, and respond to students’ mathematical reasoning as central to instructional decision-making. In this sense, problem-solving 
approaches, open-ended tasks, and multiple solution paths are especially relevant because they generate rich evidence of how students 
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reason, make connections, and structure conceptual understanding.
Second, the findings show that this evidence becomes pedagogically useful when it is embedded in a classroom culture of dialogue, 

peer interaction, feedback, and revision. When students are invited to justify strategies, compare solution paths, revise their work, and 
respond to feedback, assessment becomes part of the mathematical activity itself. These formative dialogues create valuable oppor
tunities to revisit misconceptions, make connections between mathematical ideas, clarify meanings, and revise emerging conceptual 
understandings in real-time. Peer assessment and self-regulated learning are central mechanisms through which students learn to use 
feedback, monitor their own understanding, and participate in the progressive refinement of mathematical ideas.

Third, implementing formative assessment in mathematics requires a shift in the teacher’s role. Teachers are not positioned pri
marily as evaluators or providers of correct procedures, but as interpreters of students’ thinking and facilitators of dialogue, revision, 
and shared responsibility for learning. This repositioning can also expand students’ agency, as they are invited to participate more 
actively in interpreting, revising, and advancing mathematical ideas. This highlights the contribution of the study to mathematics 
education by showing how formative assessment can support not only monitoring and feedback, but also mathematical reasoning, 
conceptual understanding, participation, and teacher professional change.

4.7. Limitations

This qualitative study has several limitations that should be considered when interpreting the findings. First, the study is situated in 
a single national context—an intensive professional development program for secondary mathematics teachers in Uruguay —and uses 
a non-probabilistic sample composed of teachers who completed the course and agreed to participate in the research. This configu
ration limits the generalizability of the results; rather than claiming representativeness, our goal is to offer an in-depth, contextually 
grounded account that may be transferable to similar settings. In line with contemporary discussions of qualitative research quality, 
the contribution of this study lies in its “situated” and “contextual” resonance, rather than in broad population-level inference 
(Maxwell, 2013).

Second, the sample is predominantly composed of early-career teachers: 70% reported four years of teaching experience or less. 
This profile is relevant because novice teachers may be especially willing to experiment with new approaches such as formative 
assessment and may experience professional development differently from more experienced colleagues. The practices identified here 
therefore reflect how an early-career cohort appropriated formative assessment in mathematics; patterns might differ in more expe
rienced or more resistant teacher populations, or in systems with different assessment traditions.

Third, the study was conducted five weeks after the completion of the professional development program. While this allowed for 
initial experimentation, it does not guarantee the long-term sustainability of these practices. Literature on teacher change suggests that 
deep pedagogical transformation is a slow, non-linear process often marked by an initial “implementation dip” or gradual adaptation 
(Fullan, 2015). Consequently, the findings reflect an early stage of appropriation, and it remains unknown how these practices might 
evolve or stabilize over a full academic year.

4.8. Future research directions

The findings of this study open several avenues for future research aimed at bridging the gap between theoretical frameworks and 
classroom reality in mathematics education. First, to overcome the limitations of self-reporting, future studies should incorporate 
ethnographic or video-based observational designs. Using, for example, qualitative video analysis would allow researchers to examine 
the “fidelity of implementation” (O'Donnell, 2008) and, more importantly, the quality of the interactions during moments of imple
mentation of formative assessment practices and, particularly, error analysis.

Second, given that formative assessment is a co-constructed process, it is imperative to include the student voice. Future inquiries 
should investigate how students perceive and utilize these new feedback practices. Specifically, research using the framework of 
“student feedback literacy” (Carless & Boud, 2018) could illuminate whether the shift in teachers’ practices translates into greater 
student agency and self-regulation in mathematics, or if students continue to interpret these activities through a performance-oriented 
lens.

Third, longitudinal studies are needed to track the trajectory of teacher change over longer periods. It would be particularly 
relevant to investigate the mechanisms that support the sustainability of situated formative assessment, such as the role of professional 
learning communities or department-level leadership in schools (Vangrieken et al., 2017).

5. Conclusion

This study shows that, when appropriated by mathematics teachers through professional development, formative assessment does 
not operate as a set of isolated strategies, but as an interdependent system of practices that reorganizes teaching, learning, and 
participation in the classroom. The four dimensions identified delineate a pedagogical architecture centered on dialogue, the visibility 
of students’ mathematical thinking, feedback, and self-regulation, while the two emergent dimensions show that this process also 
involves a reconfiguration of the teacher’s role and the emotional experience of pedagogical change. Taken together, these findings 
suggest that promoting formative assessment in mathematics requires not only providing teachers with pedagogical strategies, but also 
creating conditions that support deep, situated, and professionally meaningful processes of change.
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