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Abstract 

Mathematical Reasoning (MR) and its processes have become a consolidated area of 

research over the past decades, drawing increasing interest in the field of Mathematics 

Education. This article aims to understand the connection between MR and teacher 

education by investigating how these themes have been addressed in scientific 

literature. The meta-research was conducted using 28 articles identified on Google 

Scholar, published between 2017 and 2024, that address MR in the contexts of initial 

and continuing teacher education. The analysis of these studies was organized into five 

 
1 adan.martens@ifpr.edu.br  
2 andreluistrevisan@gmail.com  
3 luisfabian.gutierrez@ucr.ac.cr  

http://dx.doi.org/10.23925/1983-3156.2026.v28.e72563
https://orcid.org/0009-0007-3035-1476
https://orcid.org/0000-0001-8732-1912
https://orcid.org/0000-0001-9089-2062
mailto:adan.martens@ifpr.edu.br
mailto:andreluistrevisan@gmail.com
mailto:luisfabian.gutierrez@ucr.ac.cr


 

2                                                            Educ. Matem. Pesq., São Paulo, v. 28, p. 01- 36, 2026, e72563 

categories: 1. Research objectives; 2. Methodological approaches used; 3. Design and 

duration of the training processes; 4. Contributions to teachers' professional learning 

opportunities; 5. Gaps and challenges identified in the studies. The results indicated 

that professional development programs contribute to the creation of professional 

learning opportunities for teachers, especially when based on collaborative and 

reflective approaches. However, a lack of methodological consistency was observed 

across studies, as well as a predominance of short-term programs with little or no 

practical complement. The study underscores the importance of improving teaching 

practices and the quality of mathematics education through consistent, context-

specific, and long-term professional development programs. These findings highlight 

the need to further explore the foundational elements required for designing 

educational programs focused on MR, a topic that warrants deeper investigation in 

future research. 

Keywords: Mathematical reasoning processes, Qualitative research, 

Mathematics Education, Meta-research. 

Resumen 

El razonamiento matemático (RM) y sus procesos se han consolidado como objeto de 

investigación en las últimas décadas, despertando interés en el campo de la educación 

matemática. Este artículo busca comprender la articulación entre el RM y la formación 

de docentes, investigando cómo se han abordado estos temas en la literatura científica. 

Se llevó a cabo una metainvestigación con 28 artículos identificados en Google Scholar, 

publicados entre 2017 y 2024, que abordan la RM en los contextos de la formación 

inicial y continua del profesorado. El análisis de estos estudios se estructuró en cinco 

categorías: 1. Objetivos de las investigaciones; 2. Enfoques metodológicos utilizados 

en las investigaciones; 3. Diseño y duración de los procesos formativos; 4. 

Contribuciones de las formaciones a las oportunidades de aprendizaje profesional de 

los docentes; 5. Lagunas y retos identificados en las investigaciones. Los resultados 

indicaron las contribuciones de los procesos formativos para generar oportunidades de 

aprendizaje profesional de los docentes, especialmente cuando se basan en enfoques 

colaborativos y reflexivos. Se observa una falta de consistencia metodológica en los 

estudios, así como el predominio de procesos formativos de corta duración sin 

seguimiento práctico. El estudio subraya la importancia de reforzar las prácticas 

pedagógicas y la calidad de la enseñanza de las matemáticas mediante programas de 

formación coherentes, contextualizados y de larga duración.  Además, destaca la 
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necesidad de avanzar en la comprensión de los elementos estructurantes para un 

diseño formativo orientado al RM, tema que merece investigaciones futuras más 

profundas. 

Palabras clave: Procesos de razonamiento matemático, Investigación cualitativa, 

Educación matemática, Metainvestigación. 

Résumé 

Le raisonnement mathématique (RM) et ses processus se sont imposés comme un sujet 

de recherche au cours des dernières décennies, suscitant un intérêt dans le domaine 

de l'enseignement des mathématiques. Cet article cherche à comprendre le lien entre 

le RM et la formation des enseignants, en examinant comment ces thèmes ont été 

abordés dans la littérature scientifique. Une méta-analyse a été réalisée à partir de 28 

articles identifiés sur Google Scholar, publiés entre 2017 et 2024, qui traitent de la RM 

dans le cadre de la formation initiale et continue des enseignants. L'analyse de ces 

études a été structurée en cinq catégories: 1. Objectifs des recherches; 2. Approches 

méthodologiques utilisées dans les recherches; 3. Conception et durée des processus 

de formation; 4. Contributions des formations aux opportunités d'apprentissage 

professionnel des enseignants; 5. Lacunes et défis identifiés dans les recherches. Les 

résultats ont montré que les processus de formation contribuaient à créer des 

opportunités d'apprentissage professionnel pour les enseignants, en particulier 

lorsqu'ils étaient fondés sur des approches collaboratives et réflexives. On observe un 

manque de cohérence méthodologique dans les études, ainsi que la prédominance de 

processus de formation de courte durée sans suivi pratique. Cette étude souligne 

l'importance de renforcer les pratiques pédagogiques et la qualité de l'enseignement 

des mathématiques grâce à des programmes de formation cohérents, contextualisés et 

longitudinaux. Elle met également en évidence la nécessité d'approfondir la 

compréhension des éléments structurants d'une conception de la formation axée sur la 

résolution de problèmes mathématiques, un thème qui mérite de faire l'objet de 

recherches plus approfondies à l'avenir. 

Mots-clés: Processus de raisonnement mathématique, recherche qualitative, 

enseignement des mathématiques, Méta-analyse. 

Resumo 

O Raciocínio Matemático (RM) e seus processos têm se consolidado como objeto de 

pesquisa nas últimas décadas, despertando interesse no campo da Educação 
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Matemática. Este artigo busca compreender a articulação entre o RM e a formação de 

professores, investigando como esses temas têm sido abordados na literatura científica. 

Foi realizada uma metapesquisa com 28 artigos identificados no Google Scholar, 

publicados entre 2017 e 2024, que abordam o RM nos contextos da formação inicial e 

continuada de professores. A análise desses estudos foi estruturada em cinco 

categorias: 1. Objetivos das pesquisas; 2. Abordagens metodológicas utilizadas nas 

pesquisas; 3. Design e duração dos processos formativos; 4. Contribuições das 

formações para as oportunidades de aprendizagem profissional dos professores; 5. 

Lacunas e desafios identificados nas pesquisas. Os resultados indicaram que os 

processos formativos contribuem para a geração de oportunidades de aprendizagem 

profissional dos professores, especialmente quando fundamentados em abordagens 

colaborativas e reflexivas. Observa-se uma carência de consistência metodológica nos 

estudos, bem como a predominância de processos formativos de curta duração, sem 

acompanhamento prático. O estudo reforça a importância de fortalecer as práticas 

pedagógicas e a qualidade do ensino de matemática por meio de programas formativos 

consistentes, contextualizados e longitudinais. Além disso, destaca a necessidade de 

avançar na compreensão dos elementos estruturantes para um design formativo 

voltado ao RM, tema que merece investigações futuras mais aprofundadas. 

Palavras-chave: Processos do raciocínio matemático, Pesquisa qualitativa, 

Educação Matemática, Metapesquisa. 
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Mathematical reasoning and teacher training: some intersections based on a 

mapping of research studies 

Introduction 

Mathematics has historically been viewed as a rigid discipline structured around 

a set of rules and procedures to be memorized. However, it can be reinterpreted as a 

dynamic science in constant development that requires critical thinking, creativity, and 

problem-solving skills (Skovsmose, 2015). In this context, promoting Mathematical 

Reasoning (MR) becomes essential for students to transcend the superficiality of 

mechanical procedures and develop a deeper, more conceptual understanding of 

mathematics (Lannin et al., 2011; Mata-Pereira & Ponte, 2011; Ponte et al., 2012; 

Vieira et al., 2020; Campos & Ponte, 2022).  

Although the topic of MR has gained international prominence in the field of 

research in recent decades, Brazil still faces significant challenges regarding its 

dissemination and practical implementation. National curriculum documents, such as 

the Common National Curriculum Framework (BNCC) (Brazil, 2018), do not explicitly 

mention the topic (Gross et al., 2023b). This absence directly impacts teacher training 

and, consequently, pedagogical practices, as these teachers often lack the theoretical 

and methodological tools to promote students’ MR in the classroom.  

Thus, training processes for teachers who teach (or will teach) mathematics at 

different educational levels should provide opportunities to develop the knowledge 

necessary to address the challenges inherent in promoting MR in the classroom. 

Furthermore, it is essential to explore the relationship between knowledge of MR 

processes (Jeannotte & Kieran, 2017), the selection of mathematical tasks (Ponte, 

2005) and teacher actions aimed at mobilizing these processes, as highlighted by 

Serrazina and Rodrigues (2021).  

In this regard, this article aims to investigate the current state of academic 

research on MR and its relationship to teacher education. The study seeks to analyze 

how MR has been addressed in academic research on teacher education through a 

meta-research, based on the scientific literature identified in the article by Jeannotte 

and Kieran (2017). As a methodological delimitation, this study considered articles that 

citing the work of Jeannotte and Kieran (2017) and that address teacher education in 

the context of MR. This choice is justified by the theoretical relevance and frequent 

citation of that text in research addressing this topic, presenting a conceptual model 

for MR in the teaching and learning of school mathematics built upon an extensive and 
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rigorous literature review in the field of Mathematics Education, as evidenced by 

Arnesen et al. (2019) and Weingarden and Buchbinder (2023).  

This model has established itself as a central reference in research seeking to 

understand how MR can be promoted in educational contexts. Thus, we sought to map 

studies grounded in this theoretical framework, focusing on those related to teacher 

education, ensuring an analysis based on contributions already validated by the 

scientific community and reflecting the latest advances in research on the topic. 

To achieve the proposed objective, five research questions were formulated: 1) 

What are the objectives of studies exploring MR in the context of teacher education 

programs? 2) What type of methodological approach is used in the selected articles? 3) 

What do the studies reveal about the design and duration of the training processes? 4) 

What are the contributions of the training processes to the professional learning of the 

participating (future) teachers? 5) What are the gaps and challenges presented in the 

research on this topic? These questions served as a lens to explore, in the identified 

articles, the advances, contributions, and challenges related to MR and its practical 

implementation. 

The research is justified by the continuity of studies within the research group to 

which this work is linked. MR has been explored among students in Basic and Higher 

Education (Trevisan et al., 2024; Negrini et al., 2024; Trevisan et al., 2021) and among 

(future) teachers in training contexts (Anjos et al., 2025; Anjos et al., 2024; Trevisolli 

et al., 2024), thereby establishing it as a relevant field of interest. The analysis of 

articles focused on teacher education aligns with the first author’s doctoral research 

and the supervisor’s (second author) Productivity Grant project, which aims to 

construct a theoretical model of training initiatives to promote MR. Thus, engagement 

with empirical studies enriches our understanding of MR in teacher education processes 

and strengthens the link between theory, practice, and research in mathematics 

education. 

The next section discusses the underlying aspects of MR, with an emphasis on its 

fundamental characteristics and processes. Next, the methodological procedures 

adopted in conducting the meta-research are presented. In the third section, the 

categories identified through the analysis of the corpus are described and interpreted. 

In the fourth section, the interpretations constructed from the interrelationship between 

these categories are presented. Finally, in the concluding remarks, the study’s 

contributions, its limitations, and possible implications for future research in the field 

of Mathematics Education are discussed. 
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Mathematical Reasoning: Characterization and Processes 

There is still no consensus in the literature regarding the characterization of MR 

(Jeannotte & Kieran, 2017; Serrazina et al., 2023). To clarify how we understand this 

concept, Table 1 presents, in chronological order, some definitions proposed by 

different authors. These definitions complement one another by highlighting that MR 

goes beyond the mere act of thinking; it constitutes a more restricted and structured 

meaning of thinking, centered on obtaining new information through well-founded 

inferences, as emphasized by Ponte et al. (2020). 

Table 1  

Definitions of MR proposed in the literature 

Definition Author(s) 
“The term 'mathematical reasoning' refers to a set of complex 

mental processes through which new propositions (new 
knowledge) are derived from known or assumed propositions 

(prior knowledge).” 

Oliveira (2008, p. 3) 

Mathematical reasoning is "an evolving process of conjecturing, 

generalizing, investigating why, and developing and evaluating 

arguments." 

Lannin et al. (2011, p. 

12) 

“Reasoning involves more than reproducing memorized concepts 
and performing routine procedures; it involves formulating (non-

immediate) inferences from the available information.” 

Mata-Pereira & Ponte 

(2013, p. 18) 

“a process of communication with others or with oneself that 

allows for inferring mathematical utterances from other 
mathematical utterances.” 

Jeannotte & Kieran 

(2017, p. 7) 

“To reason is to draw well-founded inferences, that is, to use 

given information to arrive at new information through a justified 
process.” 

Ponte et al. (2020, p. 7). 

Note. Elaborated by the authors. 

Based on the definitions presented in Table 1, the authors of this article 

understand MR as a set of dynamic and grounded mental processes in which students 

draw on prior knowledge to make inferences, conjecture, generalize, and justify 

mathematical ideas, thereby constructing new knowledge. 

In this sense, the work of Jeannotte and Kieran (2017) stands as a central 

reference in research focusing on MR. The authors developed a conceptual model of MR 

that contributes to the understanding of the processes involved in MR, offering a 

consistent theoretical basis for the analysis of teaching practices and formulating 

educational proposals to promote MR at different levels of schooling. 

Jeannotte and Kieran (2017) sought to clarify the procedural aspects of MR by 

defining, in the literature, nine distinct MR processes. These authors distinguish 

processes related to the search for similarities and differences from those related to 

validation. The search for similarities and differences includes generalizing, 
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conjecturing, identifying a pattern, comparing, and classifying. In contrast, processes 

related to validation include validating, justifying, proving, and formally proving (or 

demonstrating). In order to organize and systematize these processes, Table 2 presents 

a synthesis with their respective definitions based on the model proposed by Jeannotte 

and Kieran (2017).  

Table 2  

MR processes proposed by Jeannotte and Kieran (2017) 

Processes 

related to 

the search 

for 
similarities 

and 

differences 

Process Definition 

Generalizing A process that infers narratives about a set of mathematical 
objects or a relation between objects of the set from a subset 

of this set. 

Conjecturing A MR process that, by the search for similarities and 

differences, infers a narrative about some regularity with a 
likely or probable epistemic value and that has the potential 

for mathematical theorization. 

Identifying a 
pattern 

A MR process that, by the search for similarities and 
differences, infers a narrative about a recursive relation 

between mathematical objects or relations. 

Comparing A MR process that infers, by the search for similarities and 

differences, a narrative about mathematical objects or 
relations. 

Classifying A MR process that infers, by the search for similarities and 

differences between mathematical objects, a narrative about 
a class of objects based on mathematical properties and 

definitions. 

Processes 
related to 

validating 

Validating A MR process that aims at changing the epistemic value (i.e., 

the likelihood or the truth) of a mathematical narrative. 

Justifying A MR process that, by searching for data, warrant, and 

backing, allows for modifying the epistemic value of a 

narrative. 

Proving A MR process that, by searching for data, warrant, and 
backing, modifies the epistemic value of a narrative from 

likely to true.  

Formal 

proving 

A MR process that, by searching for data, warrant, and 

backing, modifies the epistemic value of a narrative from 
likely to true. This process is more constrained than proving, 

requiring narratives systematized in a mathematical theory 

and formalized realizations. 

Note. Definitions retrieved from Jeannotte and Kieran (2017, pp. 9–12). 

As highlighted by Jeannotte and Kieran (2017), although these processes are 

described separately, they are interrelated and influence one another. Understanding 

what MR is and recognizing its different processes is a skill that we believe is essential 

for every mathematics teacher to achieve the goal of developing it with their students 

in the classroom.  

For this to occur, it is essential that teachers move beyond the mere reproduction 

of procedures, proposing tasks that encourage inquiry, communication, and the 
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collaborative construction of new knowledge (Ponte, 2005). At its core, mathematical 

reasoning manifests itself in students’ ability to create consistent arguments, evaluate 

conclusions, and establish connections between concepts through creative and well-

reasoned processes for solving problems. 

Teachers' knowledge of MR 

The limited knowledge teachers have regarding MR (Herbert et al., 2022) 

underscores the need, highlighted in the literature, to provide professional development 

opportunities that foster the development of this knowledge among teachers (Martins 

et al., 2023). In this regard, it is recommended that initial and continuing teacher 

education include both the promotion of (future) teachers’ own MR and specific 

pedagogical knowledge regarding it (Vieira et al., 2020; Oliveira & Henriques, 2021) so 

that they may develop confidence in recognizing students’ MR processes in the 

classroom (Herbert, 2019, 2021).  

In close relation to these arguments, Vieira et al. (2020) state that 

In order for teachers to foster the development of reasoning skills in their 

students, it is necessary that, during their training, they be exposed to concrete 

situations that explicitly involve mathematical reasoning, try out different 

strategies, and analyze different situations, preferably student work (Vieira et al., 

2020, p. 15). 

Thus, the aim is for teachers to facilitate classroom experiences that encourage 

students to engage with MR. It is essential that their training provide them with 

opportunities to develop their own MR in their teaching practice (Serrazina et al., 2023; 

Ødegaard, 2023). To that end, it is crucial that, from the outset of their training, 

teachers engage in experiences related to the development of MR, as well as in 

reflecting on and intentionally acting upon ways to promote it with their students in the 

classroom. 

In this context, we discuss how teacher training should provide opportunities to 

allow (future) teachers to theoretically understand mathematical reasoning, 

encompassing its definitions and processes, as highlighted by Mata-Pereira and Ponte 

(2017) and Henriques and Oliveira (2022). It is also essential that they be encouraged 

to solve mathematical tasks from a student’s perspective, enabling them to understand 

the difficulties and the different strategies and representations that students may 

develop. In addition to experiencing these activities, teachers need to be encouraged 

to observe and interpret the multiple forms of MR manifested by students. This 
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attentive observation helps deepen and enhance teachers’ ability to identify and foster 

the development of mathematical reasoning at different levels of complexity (Serrazina 

& Rodrigues, 2021).  

Studies show that teachers' knowledge increases following their participation in 

training programmes (Henriques & Oliveira, 2022). Recent research shows that, after 

engaging in specific training, teachers improve their understanding of mathematical 

reasoning processes, even at more sophisticated levels, such as justification and 

generalization (Martins et al., 2023). These results reinforce the importance of investing 

in initial and continuing education that prepares teachers to address the challenges 

inherent in teaching mathematics and promoting mathematical reasoning, by 

integrating theory and practice.  

Given the relevance of mathematical reasoning and the challenges faced by 

teachers in promoting it, it is essential to deepen the analysis of how this topic has 

been addressed in the literature. Thus, in the next section, we will present the 

methodological aspects that guided this investigation, explaining the procedures 

adopted for the selection and analysis of the identified studies. 

Methodology 

This study adopts a qualitative methodological approach of an interpretive nature 

(Erickson, 1986) and focuses on meta-research4, that is, a systematic and interpretive 

analysis of the scientific literature on a specific topic. According to Bicudo (2014), meta-

research is a technique that integrates the results of two or more studies on a given 

topic. This approach is particularly relevant in qualitative research, as it allows the 

researcher to deepen their understanding of complex topics by integrating independent 

studies and guiding future research based on gaps identified in the literature. Among 

these gaps, the lack of clarity regarding how professional development programs can 

be effectively designed and implemented to promote professional learning opportunities 

for teachers stands out (Ribeiro & Ponte, 2020), as well as the way in which teachers 

learn to teach mathematics through MR (Weingarden & Buchbinder, 2023). 

Based on the seven steps proposed by Bicudo (2014), inspired by Pinto (2013), 

for conducting a meta-research—formulation of the research question; identification 

and selection of studies; critical evaluation of studies; data collection; analysis and 

 
4 According to Zimmer (2006), this research procedure is also referred to by the terms metasynthesis, 
meta-research, qualitative meta-analysis, and aggregative analysis. In this text, we adopt the term 
meta-research. 
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presentation of data; interpretation of data; and refinement and updating of the meta-

research—we began by formulating the guiding questions. These questions guided the 

present research and were structured to align with the study’s objective, as follows: 1) 

What are the objectives of studies exploring MR in the context of teacher education 

programs? 2) What is the type of methodological research approach employed in the 

selected articles? 3) What do the studies reveal about the design and duration of the 

training processes? 4) What are the contributions of teacher education programs to the 

professional learning of the participating (future) teachers? 5) What are the gaps and 

challenges presented in the research on this topic? These questions served as an 

analytical lens for analyzing the identified studies, linking the themes of MR and teacher 

education. 

In the next step, we searched for and selected studies addressing mathematical 

reasoning in the context of initial and continuing teacher education. To this end, we 

used Google Scholar5 as a search tool in June 2024, considering all works published up 

to that date. The focus was on identifying scientific publications that cite the work by 

Jeannotte and Kieran (2017) titled “A conceptual model of mathematical reasoning for 

school mathematics.” By entering the information from this article into the Google 

Scholar search bar, we identified the articles that reference the work in question. The 

choice of this reference is justified by its establishment as a central model in recent 

literature on MR. The choice of this search engine is due to its ease of access and the 

breadth of data retrieval available on the web. Thus, the search was not restricted to 

indexed journals, avoiding limitations to the scope of the survey. Furthermore, the tool 

facilitates the tracking of citations from the base study. 

We selected studies that addressed aspects directly related to MR and teacher 

education, encompassing the various terms used in the contexts of initial teacher 

education, continuing education, pedagogical practice, in-service training, and 

professional development. Thus, considering that the base article was published in 2017 

and that the survey took place in 2024, the timeframe of the review spanned the period 

from 2017 to 2024. This approach allowed for the consolidation of a theoretical corpus 

aligned with the conceptual framework of Jeannotte and Kieran, which ensured 

thematic relevance and epistemological consistency in the methodological approach 

adopted. To illustrate the selection process, Table 3 presents the total number of 

 
5 https://scholar.google.com.br/?hl=pt 
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studies surveyed, highlighting the number of articles that refer to the research theme—

that is, those addressing the relationship between MR and teacher education. 

Table 3 

Number of Texts Retrieved from the Searches 

Total works Works 

addressing 

teacher 

education 

Total texts 

retrieved 

Percentage of 

total 

333  76  28  8,40% 

Note. Elaborated by the authors. 

A total of 333 studies were identified. After reviewing the titles and abstracts to 

identify those addressing MR and initial or continuing teacher education, the full texts 

were read when necessary, resulting in a final sample of 76 studies. Upon a more 

detailed review, those that were duplicates or did not present empirical data on training 

processes were excluded (literature reviews, questionnaire applications, and video 

analyses were excluded), resulting in 28 studies aligned with the research objective. In 

Table 4, we present the complete references of the 28 selected articles, organized 

alphabetically by the last name of the first author and identified by sequential codes 

consisting of the letter “A” followed by a sequential number, starting with 1 (A1 to A28), 

to facilitate their citation in subsequent sections. The table was organized in 

alphabetical order by the first author’s last name. 

Table 4  

Corpus of 28 analyzed articles 

Code Article Reference 

A1 Arnesen, K., Enge, O., Rø, K., & Valenta, A. (2019). Initial participation in a 

reasoning-and-proving discourse in elementary school teacher education. In U. T. 

Jankvist, M. Van den Heuvel-Panhuizen, & M. Veldhuis (Eds.), Proceedings of the 
Eleventh Congress of the European Society for Research in Mathematics Education 

(pp. 112–119). Freudenthal Group & Institute, Utrecht University; ERME. 

https://hal.science/hal-02397997v1 

A2 Bragg, L., & Herbert, S. (2018). What Can be learned from teachers assessing 

mathematical reasoning: A case study. In Proceedings of the 41st Annual Conference 

of the Mathematics Education Research Group of Australasia (pp. 178–185). MERGA. 

A3 Brocardo, J., Delgado, C., Mendes, F., & Ponte, J. P. D. (2022). Ações do professor 
e desenvolvimento do raciocínio matemático durante a discussão coletiva de uma 

tarefa [Teacher actions and the development of mathematical reasoning during the 

collective discussion of a task]. Educación matemática, 34(2), 101–133. 

https://doi.org/10.24844/em3402.04 

A4 Brunheira, L., Serrazina, M. L., & Rodrigues, M. (2022). O conhecimento sobre 
raciocínio matemático de futuros professores e professores dos primeiros anos no 

contexto de uma tarefa de geometria [Prospective and early years teachers' 
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knowledge about mathematical reasoning in the context of a geometry task]. Acta 

Scientiae, 24(8), 567–591. https://doi.org/10.48489/quadrante.23012 

A5 Chin, S. L., Choy, B. H., & Leong, Y. H. (2022). Overlaps and shifts of instructional 
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As recommended by Pinto (2013), in Step 5, which deals with data analysis and 

presentation, the categories of analysis established based on the research questions 

were listed, with the aim of “better organizing the data, grouping them, and facilitating 

the analysis itself” (Pinto, 2013, p. 1041). The five categories that guided the analysis 

are detailed in Table 5. The analysis was conducted using a qualitative–interpretive 

approach, guided by the five guiding questions presented at the beginning of this 

section, designed to deepen understanding of the characteristics, contributions, and 

challenges of teacher training on MR presented in the selected studies, in order to yield 

results that can guide future research in the field. The examination of the 28 articles in 

light of these questions allowed for a systematic and comparative analysis of the 

studies, which culminated in the identification of patterns, convergences, divergences, 

and emerging aspects. As highlighted by Bicudo (2014), data interpretation constitutes 

an essential moment in meta-research, as it is in this process that meta-synthesis is 

produced, understood as a third-level interpretation that integrates and transcends 

individual findings.  

In this sense, meta-research emerges not only as a reflective exercise on what 

was investigated and how the research was conducted, but also as a critical evaluation 

of its ability to answer the initial question. This approach goes beyond isolated analyses 

and promotes a broad, contextualized understanding of the phenomena under study. 

Based on the previously defined guiding questions, five categories of analysis were 

established to guide the reading and interpretation of the selected articles. Table 5 

presents these categories, along with a brief description of each.  
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Table 5 

Categories of analysis 

Category Description 

1. Research objectives Investigates the purposes declared by the studies and the 
time span of the analyzed teacher education programs. 

2. Methodological approaches 
used in the research 

Explores the different research methods employed in the 
studies comprising the corpus, such as qualitative, 
quantitative, or mixed-methods approaches. 

3. Design and duration of 
teacher education programs 

Analyzes how the programs were structured, including 
their components, pedagogical strategies, and 
organization. 

4. Contributions of teacher 
education programs to 
teachers' professional learning 
opportunities 

Examines the educational effects of the experiences 
described in the studies and how these contribute to 
teachers' professional development in relation to MR. 

5. Gaps and challenges 
identified in the research 

Identifies the main obstacles and limitations pointed out 
by the authors regarding the teacher education programs 
and the treatment of MR. 

Note. Elaborated by the authors. 

The following section presents a discussion of the categories, numbered 1 through 

5, as shown in Table 5. This is followed by a section interpreting the collected data, 

with a focus on how the data converge to form a more comprehensive view of the topic. 

Description and interpretation of the categories 

1. About the research objectives 

An analysis of the objectives of the 28 studies presented reveals a thematic 

convergence, in that 16 of them focus on teacher education with the aim of 

investigating, characterizing, and developing teachers’ knowledge regarding MR, 

covering both initial teacher education (A4, A8, A18, A21, A26) as well as in-service 

training (A1, A3, A6, A7, A9, A13, A20, A22, A23, A24, A25).  

These studies focus on teachers’ knowledge and employ various analytical tools 

to assess it. These tools include the analysis of teachers’ discourse, group discussions, 

task resolutions and adaptations, and training experiences. Some studies go beyond 

the mere investigation of teachers’ knowledge. This is the case, for example, with study 

A7, which, in addition to examining the proportional reasoning of a group of early-grade 

teachers, facilitates moments of reflection on this object of knowledge. Similarly, study 

A13 stands out for seeking not only to understand but also to promote the development 

of teachers' knowledge about MR and the pedagogical approaches appropriate for its 

implementation. 
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Other studies seek to explore the challenges faced in assessing students’ MR 

(A10, A11), particularly in the school setting. With regard to assessment, the study 

explores what teachers can learn from using the Mathematical Reasoning Assessment 

Rubric (A2) and the influence of this tool on elementary school teachers’ understanding 

of MR when assessing their students’ MR (A14, A16). 

Another objective of the studies is to analyze the creation of tasks by teachers 

(A5), as well as to examine how these mathematical tasks promote MR and the 

reasoning of future teachers (A15). In addition, the creation and implementation of 

instructional tasks in the context of initial teacher education (A17) and the use of 

technologies to enhance these tasks in the context of continuing professional 

development (A28) are investigated. 

2. Research Methodology 

The methodological approach analyzed in the 28 articles is predominantly 

qualitative (A7, A18, A20) and qualitative-interpretive (A3, A4, A8, A9, A17, A23, A24, 

A25), as is frequently observed in research in the field of mathematics education. Most 

of the studies are grounded in theoretical frameworks that emphasize interpretive and 

descriptive processes, with particular emphasis on the works of authors such as 

Erickson (1986) and Bogdan and Biklen (1994).  

Another portion of the articles examines the case study model (A2, A4, A7, A12, 

A17), as defined by Ponte (2006), characterized as detailed investigations that focus 

on specific situations, aiming to highlight particularities that contribute to a 

comprehensive understanding of the phenomenon of interest, in this case, MR and its 

promotion in the classroom.  

In addition, several studies adopt Design-Based Research (DBR), as proposed by 

Cobb et al. (2003) (A6, A11, A14, A16, A21, A23, A24). This approach involves iterative 

cycles of design, implementation, and analysis of educational interventions, 

collaborating with professionals to refine pedagogical practices and materials. 

Another important aspect is the combined use of data collection and analysis 

methods. For example, some studies (A14, A21, A23) used content analysis to explore 

meanings emerging from textual data, while others incorporated conversational 

analysis or role-playing to examine interactions and pedagogical practices. Specific 

tools, such as formative assessment rubrics (A14) and script-writing tasks (A26), were 

employed to investigate how teachers plan and assess the development of MR in their 

students. 
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The methodological choices outlined are aligned with the objectives of each study, 

prioritizing interpretive analysis, detailed description, and collaboration with 

participants to promote both theoretical and practical advances in the field of 

Mathematics Education. 

3. Design of training programs and the duration of training sessions 

The duration of the training sessions varies depending on the focus and structure 

of the programs analyzed. They range from brief one-hour workshop-style sessions to 

more extensive training programs structured around eight sessions over four months, 

with each session lasting two and a half hours. In addition, some interventions are 

conducted as part of initial teacher training, which includes, for example, four 50-

minute sessions spread over an academic semester.  

When considering the total duration of the training programs described in the 

studies, it is evident that most of them consist of only a few hours, even in the longest 

programs. Even when spread over a semester, the interventions are divided into just a 

few sessions, with a maximum of eight sessions totaling no more than 24 hours of 

training in all. 

Below, we present Table 6, which summarizes the structural elements that make 

up the design of training programs aimed at developing the MR of future teachers. 

Organized into three columns, it presents: (i) the recurring structural elements in the 

design of these programs; (ii) a description of each element; and (iii) the article codes 

in which these elements were identified. This summary allows us to visualize common 

aspects in the training proposals regarding this topic.  
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Table 6 

Key components of the training programs analyzed 

Structural Elements Description Articles Codes 

Planning–Implementation–

Reflection Cycle 

Teachers plan, teach, and reflect on 

lessons at different stages. 

A3, A14, A18, A23, 

A25, A27 

Peer Observation 
Teachers observe one another to learn 

from each other's practice. 

A10, A12, A14, A16, 

A24 

Post-Lesson Discussion 

with Feedback 

Meetings to discuss what was observed, 

mediated by colleagues or researchers. 

A5, A10, A14, A16, 

A25 

Hands-On Engagement 

with MR-Potential Tasks 

Teachers experience tasks in their 

classrooms and reflect on the MR 

processes involved. 

A3, A17, A20, A22, 

A23 

Script Writing / Lesson 
Planning Based on Cases 

Scripting or simulation of lessons 
grounded in MR principles. 

A19, A26 

Lesson Study / Videos / 

Authentic Cases 

Analysis of real or simulated classroom 

episodes through video or transcript. 

A1, A9, A12, A21, 

A25 

Reading and Discussion of 
Theoretical Frameworks on 

MR 

Study of texts that ground conceptions 
and practices for the development of 

MR. 

A1, A9, A21, A22, 

A25 

Community-Based 
Learning / Professional 

Learning Groups 

Group work or learning communities 
with structured exchanges. 

A5, A8, A10, A14, 
A24 

Design-Based Research 

(DBR) 

Iterative design of interventions based 

on the analysis of practice. 
A11, A16 

Note. Elaborated by the authors. 

An examination of the design of training programs presented in the analyzed 

studies reveals a convergence of structural elements that recur across different studies, 

highlighting the importance of systematic and collaborative approaches to teacher 

training in the context of MR.  

The analysis of the 28 selected articles reveals a set of recurring structural 

elements in the design of training processes which, although exhibiting contextual and 

methodological variations, point to common training principles that underpin teachers’ 

professional development with a focus on promoting mathematical reasoning in the 

classroom. 

One of the most recurrent elements concerns the creation of opportunities for 

teachers to explore and analyze mathematical tasks with the potential to reveal 

students’ mathematical reasoning. Several studies highlight the centrality of tasks as 

mediators of teacher learning, whether through their resolution (A1, A7, A9, A22), the 

analysis of student work (A23, A24, A25), or through the implementation of these tasks 

in the classroom (A3, A20, A25). The analysis of tasks is often accompanied by a 

discussion of the mathematical aspects involved and the teaching actions that promote 

mathematical reasoning, which highlights a practice-based professional development. 
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Another structural element present in some of the studies is the link between 

practice and reflection, organized into formative cycles of lesson planning, 

implementation, observation, and analysis/reflection (A5, A10, A18, A27). These cycles 

foster a critical and informed perspective on teaching, enabling student teachers to 

understand how their instructional decisions impact students’ learning processes. As 

they experiment, adjust, and refine their pedagogical practices, continuously linking 

theory and practice, this dynamic not only promotes professional learning but also 

facilitates direct observation of students’ MR processes, deepening their understanding 

of the strategies needed to develop them. 

Peer collaboration also emerges as a relevant component of the training 

processes. Whether through mutual observations (A10, A12, A16), discussion of 

recorded classes (A3, A27), or work in small groups (A8, A19, A26), the exchange 

among colleagues is valued as a space for professional learning, especially when 

mediated by reflection protocols and focused on specific aspects of MR. These practices 

are widely cited as valuable tools for teachers to learn from each other’s experiences, 

share feedback, and reflect on their own pedagogical approaches. Thus, post-class 

discussions are cited as a key aspect that facilitates the evaluation of assignments and 

the adjustment of teaching strategies. The collaborative dimension is crucial for 

creating a collective learning environment in which teachers feel supported and 

motivated to innovate. 

The integration of digital technologies (A7, A19) is a significant, though less 

explored, trend. Study A7 uses virtual platforms and video recordings to facilitate 

reflection on teaching practice, while A19 highlights role-playing in the planning of 

productive mathematical conversations. Such approaches suggest that technology 

expands the possibilities for professional development, especially in remote or hybrid 

contexts. 

The integration of theoretical foundations with pedagogical practice constitutes 

another key focus in the design of the processes described in the studies analyzed. 

Many of these processes explicitly incorporate conceptual frameworks on MR, task 

design principles, and theories of teaching and learning as the basis for training 

activities (A11, A22, A25). This integration of theory and practice strengthens teachers’ 

ability to interpret teaching situations in light of robust theoretical frameworks. 

Additionally, there are activities involving the analysis of classroom episodes—through 

videos, transcripts, or role-plays—as a means of fostering the development of 

participants’ professional perception (A9, A19, A21, A23). These episodes are analyzed 
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with a focus on students’ MR processes and teacher interventions, contributing to the 

construction of professional knowledge situated in real teaching situations. 

It can be concluded that robust teacher training designs combine multiple 

elements, such as iterative cycles, peer observation, instructional tasks, technologies, 

and continuous assessment. The recurrence of these elements across different contexts 

suggests that these components constitute fundamental principles for teacher training 

focused on MR. The systematic presence of these elements indicates not only their 

perceived effectiveness but also a progressive consolidation of common guidelines in 

training proposals in the field. However, their effectiveness depends on careful, 

sustained implementation with continuous support so that teachers can internalize and 

apply what they have learned in their practices. 

4. The role of training programs in professional development 

The literature reviewed highlights several contributions of teacher education 

programs to teachers’ professional learning. Among these contributions, the following 

stand out: the development of teachers’ knowledge of MR (A13, A16, A27), with a 

specific emphasis on understanding generalization processes (A24); the development 

of generalization associated with justification (A14, A21, A22); and reflections on the 

importance of encouraging generalization, based on observing similarities and 

differences between objects. Noteworthy are questions that ask students to provide 

mathematical justifications associated with the validation or refutation of a conjecture 

(A20). It is observed that the training programs offer opportunities for teachers to learn 

how to promote MR among students (A23). 

Another relevant contribution is collaborative reflection and peer learning (A18). 

Post-class discussions and training programs based on peer interaction encourage 

collective reflection on MR, helping teachers understand it more deeply and incorporate 

it into their lesson planning and assessment (A2, A6, A14). Furthermore, there is 

evidence that training programs which adopt exploratory and collaborative approaches 

promote changes in teaching practices (A27). Findings reported in A12 show peer-

based professional learning programs, in which teachers collaboratively plan lessons 

focused on MR followed by observation and collaborative reflection, serve as effective 

models for professional development. These programs strengthen the understanding of 

MR and the pedagogical approaches that promote it.  

Similarly, studies A20 and A25 indicate that the practice of planning and 

implementing tasks aimed at developing MR, combined with joint analysis with 
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colleagues and experts, significantly contributes to the development of professional 

knowledge, which is recognized by the teachers themselves. Study A18 highlights that 

the opportunity for teachers to put into practice tasks and teaching strategies to support 

students’ MR constitutes a key element in the development of their knowledge about 

teaching practice. The use of specific rubric items for MR contributed to this progress, 

as it provides sophisticated vocabulary to describe actions such as analyzing, 

conjecturing, generalizing, and justifying (A2, A14, A16). Courses based on Information 

and Communication Technologies (ICTs) prepare teachers to design high-quality tasks, 

enhanced by technological resources that promote computational thinking and MR 

(A28). 

5. Gaps and challenges identified in the research 

An analysis of the articles reveals research gaps regarding teachers’ knowledge 

of MR, as well as the need to explore strategies for overcoming the challenges 

associated with assessing students’ development in MR within the context of teacher 

education. These gaps were organized into five subcategories, accompanied by their 

descriptions and the respective articles in which they were identified, as presented in 

Table 7. The objective is to highlight the main challenges and gaps presented by the 

research and to suggest possible directions for future investigations. 

Table 7  

Challenges and limitations identified in the research 

Gaps and Challenges Description Article Codes 

1. Methodological limitations 

and generalizability 

Studies with small samples, specific 

contexts, or short duration. 

A17, A28, A12, 

A8, A1 

2. Underexplored aspects of 
teaching practice 

Limited focus on specific teacher roles or 
restricted MR processes. 

A13, A20, A24, 
A9, A10, A26, 

A19 

3. Challenges in assessing 
MR 

Difficulties in measuring, documenting, and 

evaluating the development of MR in 
students and teachers. 

A11, A16, A14 

4. Impacts of teacher 

education on teachers' 
professional development 

Limited investigation into teachers' growth 

over time and across different educational 
contexts. 

A21, A27, A6, 

A28 

5. Planning and teaching 

actions to promote MR 

Lack of studies on teaching strategies, task 

selection, and mediation to foster MR. 

A1, A3, A5, 

A10, A22, A7 

Note. Elaborated by the authors. 

An analysis of the gaps and challenges present in studies on teachers’ education 

in the context of MR reveals limitations in methodology, practice, and concept that 

directly impact the effectiveness of these interventions. One of the main challenges 

identified relates to methodological limitations, such as small sample sizes, specific 
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contexts, and the short duration of training programs (A17, A12, A1). Such limitations 

are not unique to studies on teacher education in the context of MR. Previous research 

conducted by the first author, aimed at understanding teacher education from the 

perspective of Mathematical Modeling, also shows similar results (Martens, 2018), 

indicating that training initiatives tend to be one-off, short-term, and lack effective 

follow-up on pedagogical practice. Various studies have discussed this weakness, 

including those by Tambarussi and Klüber (2014) and Martens and Klüber (2023, 

2024). The one-off and ephemeral nature of training makes it difficult to generalize 

results and limits the applicability of conclusions to broader contexts, reinforcing the 

need for more robust studies with longitudinal follow-up. 

Another challenge is the lack of analysis of teaching practices in the classroom 

(A20, A9, A24). Many studies overlook the active role of teachers in promoting MR, 

failing to address how their actions and reflections influence student learning. This gap 

compromises the understanding of teaching and learning processes and limits the 

development of effective strategies to support educators. 

Furthermore, there is a clear demand for research on the impact of continuing 

education on teaching practice (A28, A14, A13). Although some studies highlight the 

importance of professional development programs, only a few delve into the analysis 

of their medium- and long-term effects. In this sense, Silva’s (2023) research 

contributes to this debate by investigating the effectiveness of a training program 

focused on the professional development of teachers who addressed Algebraic Thinking 

in the early years. The study followed three participants three years after the 

completion of their training, seeking to understand how signs of professional learning 

manifested in their pedagogical practices. This longitudinal approach is still rare in the 

literature but essential for assessing the real impact of training on teaching practice. 

The lack of ongoing support for teachers after training exacerbates this situation, 

which can lead to a disconnect between theory and practice. According to Guskey 

(2025), many programs fail by ignoring the individual differences among teachers and 

the school contexts in which they work, thereby hindering the adoption and 

implementation of learned practices.  

Furthermore, Guskey (2025) criticizes the lack of alignment between training 

objectives and students’ actual needs, emphasizing that planning must begin by 

focusing on expected learning outcomes, rather than on educators’ own preferences. 

When this principle is ignored, even the most well-structured initiatives may have little 

impact on teaching practice and, consequently, on student performance. This is a 
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critical issue that requires the attention of specialist trainers, as it highlights the fact 

that it is essential for professional development proposals to be guided by solid 

evidence, combined with high-quality teaching materials and resources, with sufficient 

time for reflection, experimentation, and continuous feedback. 

Assessing MR also emerges as a challenge (A11, A6, A21). Studies point to 

difficulties in creating appropriate instruments to measure students' progress in MR, as 

well as in providing support to teachers to integrate these assessments into their daily 

practices. This gap reflects the need to develop specific materials and tools, such as 

rubrics and structured activities, to facilitate this task. 

Finally, the use of resources and tools to support teacher planning (A16, A26, A3) 

remains insufficient. Many articles suggest exploring teaching materials, technologies, 

and other strategies that can assist teachers in promoting MR. However, there is a lack 

of studies that systematically evaluate the effectiveness of these resources in different 

educational contexts. 

In summary, the highlighted challenges underscore the complexity of training 

teachers to promote MR in the classroom. Methodological limitations, the lack of 

analysis of teaching practices, the need for continuing education, challenges in 

assessing MR, and the scarcity of adequate resources create a scenario that calls for 

more integrated approaches.  

Addressing the gaps identified is essential to ensure that teacher training 

programs not only expand teachers’ theoretical knowledge but also transform their 

pedagogical practice. Therefore, it is clear that teacher training must balance theory 

and practice, providing concrete tools that teachers can rely on within collaborative 

spaces for reflection. In this way, training processes can not only develop pedagogical 

knowledge but also transform teaching practices, fostering a more inclusive learning 

environment centered on MR. 

Interpreting the Interconnected Categories 

The objectives of the studies analyzed reveal that they focus on continuing a 

research tradition centered on teacher education, seeking to disseminate knowledge 

and promote reflection on MR among future teachers and those already in the 

profession, with the aim of familiarizing them with this topic. This aspect is significant, 

as researches indicates teachers’ limited knowledge of MR (Herbert et al., 2022), as 

well as the difficulties they face in recognizing and understanding what, in fact, 

constitutes MR (Jeannotte & Kieran, 2017). However, this approach is not sufficient for 
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teachers to promote MR in their pedagogical practices, as argued by Mata-Pereira and 

Ponte (2018), 

For a teacher to be able to promote mathematical reasoning in the classroom, 

knowledge of mathematical reasoning itself and of students' reasoning processes 

is first and foremost necessary. However, this knowledge, although fundamental, 

is insufficient for the teacher (Mata-Pereira & Ponte, 2018, p. 782). 

Therefore, rather than simply introducing MR to teachers, it is essential to 

understand how they can foster it among their students. Based on this, it is necessary 

to provide training opportunities that include tasks appropriate for developing MR in 

students, linking them to professional teaching practice (Mata-Pereira & Ponte, 2018). 

Despite the observed weaknesses, MR training programs have shown progress in 

teachers’ pedagogical knowledge, especially regarding reflection on the potential of MR 

and the design of exploratory tasks to promote it. Interacting with an experienced 

teacher-trainer has proven crucial for teachers to broaden their understanding of MR 

processes and discuss aspects related to classroom management, which results in 

changes in their practices (Herbert & Bragg, 2021b). Furthermore, conducting lessons 

focused on MR, accompanied by moments of analysis and reflection, aligns with other 

studies that highlight the importance of the trainer’s actions in managing training 

spaces to facilitate teachers’ professional learning (Aguiar et al., 2021; Gross et al., 

2023a). 

Regarding training design, research identifies key elements for its effectiveness 

that promote success in implementing MR. It is suggested that training programs follow 

a cycle of lesson planning, implementation, and reflection (Trevisan et al., 2020), in 

order to provide teachers with the opportunity to fully experience the MR teaching-

learning process. Peer observation has also proven effective, enabling collaborative 

learning and the exchange of experiences. Post-class sessions, facilitated by colleagues 

or researchers, are equally relevant, as they provide opportunities for discussions about 

the observed practices. The elements highlighted are aligned with the theoretical model 

of Professional Learning Opportunities for Teachers (PLOT), according to Ribeiro and 

Ponte (2020), which considers collective planning and peer discussions as fundamental 

for teachers to construct, reflect, and develop collectively (Ball & Cohen, 1999). 

Regarding training materials, it is important to provide teachers with experiences 

involving tasks that have the potential to develop MR, in addition to the development 

of lesson plans and simulations and the use of practice records, such as videos and 

transcripts, which enable contact with and analysis of real classroom episodes. These 
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strategies align with the arguments of Mata-Pereira and Ponte (2018) by highlighting 

the importance of fostering classroom discussions, demonstrating that the exploratory 

nature of the tasks influences the teacher’s actions, thereby allowing MR processes to 

emerge during classroom discussions.  

The authors state that “both the characteristics of the tasks proposed to students 

and the teacher’s actions triggered by these tasks are decisive” (Mata-Pereira & Ponte, 

2018, p. 788). This perspective also echoes the study by Ponte (2005), which highlights 

the importance of the teacher selecting good tasks and conducting the class in a way 

that includes moments of exploration, reflection, and discussion, central elements for 

generating learning opportunities for students. To achieve this purpose, it is essential 

to provide teachers with opportunities to familiarize themselves with this exploratory 

classroom model and experiment with different tasks. 

Forming collaborative groups, such as professional learning communities, also 

shows promise. These aspects align with the principles of formative design described 

by Ponte et al. (2022), which emphasize ways to support the development of the 

knowledge necessary to enhance both pedagogical expertise and the mathematical 

knowledge required to support students’ MR. 

Although studies reveal contributions to teachers’ professional learning, there are 

limitations regarding the scope of these contributions. Many studies point to the specific 

context in which the training took place, the short duration (Marcatto, 2023), and the 

need for more in-depth research on classroom teaching practices focused on MR 

(Serrazina & Rodrigues, 2021) as limitations. There is a lack of longitudinal studies that 

follow teachers after training to verify whether they continue to promote MR in their 

practices (Herbert et al., 2022; Loong et al., 2018). 

The limitations identified suggest that the contributions and effects of training 

programs may be centered on the formative dimension, without translating into 

concrete changes in teaching practice. This is a point that deserves attention: research 

tends to remain within the theoretical realm, without direct monitoring of teachers 

during the promotion of MR in the classroom. Although it is recognized that, in initial 

teacher education, it is challenging to monitor teachers’ practical development—due to 

the brevity of classroom experiences—it is necessary to rethink the training model so 

that it is continuous and centered on teaching practice. This implies what the 

researchers themselves point out as a weakness in the research: expanding the 

analyses to professional development settings with practicing teachers or in supervised 

internship contexts (Rodrigues et al., 2021). 
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Another point worth noting is that training program durations vary from brief 

sessions to more extensive programs, lasting up to 24 hours. Authors such as García 

(1999) and Imbernón (2009, 2016) argue that teacher training should be ongoing and 

incorporate meaningful experiences. Although longer training programs favor a deeper 

understanding of MR, their effectiveness depends on a deliberate structure that 

integrates reflection, dialogue, and practice. Otherwise, they risk being reduced to mere 

fulfillment of course requirements, with no real impact on practice (García, 1999). 

Still regarding the time allocated to reflection and practical experimentation, it is 

observed that, although some training programs offer opportunities for discussion and 

the application of strategies in the classroom, it is questionable whether this time is 

truly sufficient to generate a real impact on teaching practice. Furthermore, it is 

important to verify whether the training programs address the topic in depth, to the 

point of enabling teachers to internalize the concepts and apply them effectively. These 

aspects corroborate the idea put forward by Maia (2025, p. 38), who highlights the 

importance of conducting scientific research “to analyze and identify the qualification 

gaps among practicing teachers and, thus, this information can then be used to plan 

proposals and programs that truly meet training needs.”. 

In this context, there is an urgent need to move beyond the application6-oriented 

model traditionally adopted, especially in initial teacher training—a model in which 

learning is reduced to attending classes, applying content, and completing the process 

without ongoing supervision or connection to practice. Instead, we advocate for the 

adoption of approaches that value teachers’ professional development through 

reflection, grounded in the integration of theory and practice. 

At the same time, it is necessary to rethink the research methodologies used in 

studies on teacher education in MR. When analyzing the methodological approach of 

the studies, there is a recurring reference to classic authors in qualitative research, 

such as Bogdan and Biklen (1994); the studies are grounded in interpretive 

perspectives, according to Erickson (1986), and adopt the case study approach, 

supported by Ponte (2006). However, some studies do not clearly specify the approach 

 
6 This application-oriented model of knowledge is discussed by Tardif (2002). 
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adopted, while others mention it only superficially, without adequately situating the 

study within the chosen methodology. 

These insights resonate with the concerns highlighted by Bicudo and Paulo (2011) 

and Bicudo (2021), who point to the need for greater clarity in the design and analysis 

of data in qualitative research in mathematics education, as current practices 

compromise scientific rigor and understanding of the methodological approach taken. 

Based on a meta-interpretation of research in Mathematics Education in Brazil, the 

authors point out that, 

the design of qualitative research and its respective analytical procedures remain 

unclear in most studies. [...] The quality of the data is overlooked to the extent 
that descriptions and accounts are followed by explanations grounded in 

theoretical frameworks presented within categories previously established for 

their organization and interpretation (Bicudo & Paulo, 2011, p. 296). 

The weaknesses identified compromise the scientific rigor employed. 

Furthermore, many studies are limited to superficial descriptions, failing to advance in 

terms of theorization or point to new interpretive paths, trapped in a superficiality that 

prevents the unveiling of more complex or innovative understandings. These 

understandings are echoed in the reflections of Bicudo (2021) when she argues, 

that researchers engaged in qualitative research, regardless of its specific 

approach, must remain vigilant and take care not to stray from the fine line that 

both separates and unites quantitative and qualitative methods. They must not 

allow themselves to be trapped by personal interpretations or those of the groups 
to which they belong; they must not lose sight of the central thread of thought 

established by their research; they must not simply present previously conducted 

studies as given, but must always explain what these studies say and why they 

align with or diverge from their own investigation, clarifying their contributions 

and limitations (Bicudo, 2021, p. 550). 

Furthermore, the intrinsic quality of the collected data is often neglected, being 

replaced by simplistic explanations that prioritize pragmatic objectivity at the expense 

of interpretive richness. This stance prevents research from advancing toward unveiling 

new forms of understanding or challenging established paradigms. Ultimately, such 

limitations reinforce a vicious cycle in which academic production remains trapped in 

conventional and repetitive models, without making room for theoretical or 

methodological innovations that could effectively transform the field of study. 
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In conclusion, the gaps identified in the research highlight weaknesses related to 

the course load of training programs, the lack of generalizability of the results, and the 

absence of longitudinal follow-up of teachers. These factors call for new training 

initiatives and research that (1) follow teachers in the classroom to determine whether 

and how they continue to promote MR in their teaching practices; (2) analyze the 

relationship between the development of knowledge about MR and teaching practices; 

(3) study the role of experienced trainers in supporting professional development 

regarding MR; (4) investigate the impact of materials and technological resources used 

in training; (5) explore the potential of classroom observation and other training 

strategies; (6) expand analyses to include supervised practicum contexts and ongoing 

professional development. 

In light of these observations, it is evident that there is a need to promote specific 

public policies that guarantee resources, infrastructure, and incentives to integrate the 

core aspects of MR into initial and continuing teacher training, ensuring that teachers 

have the time and administrative support to be accompanied in their training process 

within their work environment, without training becoming an additional burden on their 

work schedule or an activity that overloads them beyond their classroom routine. 

Final Considerations 

We return to the research questions that guided this study: 1) What are the 

objectives of studies exploring MR in the context of teacher education programs? 2) 

What type of methodological approach is employed in the selected articles? 3) What do 

these studies reveal about the design and duration of teacher education programs? 4) 

What are the contributions of teacher education programs to the professional learning 

of the participating (future) teachers? 5) What are the gaps and challenges identified 

in the research on this topic? These questions led to the interpretation of five 

interrelated categories that contribute to an understanding of teacher education 

focused on the development of Mathematical Reasoning (MR). 

The results obtained in light of these questions highlight relevant aspects of the 

current state of research in this area. It was observed that, although the methodological 

choice is stated in the analyzed studies, there are recurring weaknesses in the 

epistemological and procedural explication. This shortcoming manifests itself in the 
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absence of methodological consistency that connects objectives, data collection 

instruments, and stages of analysis and interpretation of results. This methodological 

simplification points to an instrumental use of qualitative research, which compromises 

scientific rigor and the reliability of the findings (Bicudo, 2011). This point deserves 

special attention, as the quality of future research depends on greater care regarding 

the internal consistency and transparency of the procedures adopted. 

Another relevant aspect concerns the target audience and the nature of the 

training processes. It is evident that the research is focused on teachers in initial 

training and those participating in continuing education programs. However, the 

training processes analyzed tend to adopt a short-term, lecture-based model, which 

may limit the long-term impact of interventions.  

This finding reinforces the need to ensure continuous, structured, and 

contextualized training programs capable of promoting significant changes in teaching 

practices and overcoming fragmented and superficial training models. This is a 

challenge directly related to the category “gaps and challenges,” which highlights the 

importance of understanding not only the content learned but, above all, how these 

learnings relate to teachers’ daily practice. Despite the time and structural constraints 

observed in teacher training programs, studies point to promising results, particularly 

with regard to the creation of professional learning opportunities. It is worth noting that 

collaborative and reflective approaches, as well as the intentional use of digital 

technologies, have the potential to contribute to teachers’ professional development 

and, consequently, to improving the quality of mathematics education. 

The findings show that there is still little integration between theory and practice 

in teacher training programs. Although the importance of professional learning is 

recognized, it does not always connect to pedagogical practice. The study indicates that 

it is necessary to understand not only what teachers learn, but how this impacts their 

practice. Thus, there is a need for research that investigates strategies for a more 

effective link between training and practice. Overcoming these challenges is essential 

to advancing the development of a consistent, transformative teacher education 

program capable of positively impacting both teachers and students and, consequently, 

the quality of mathematics education. 
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Broadly speaking, this study offers a theoretical and interpretive framework 

grounded in national and international references, serving as a starting point to inform 

future research and training initiatives aligned with the demands of teaching practice. 

In this regard, it is worth noting that future research can draw on the structural 

elements for a training design discussed here, which have demonstrated feasibility and 

potential for training processes in other contexts. However, these elements still require 

further investigation, especially regarding the essential components that make up the 

training design focused on the development of MR.  

Understanding how these elements can be articulated and applied in a 

contextualized manner in both initial and continuing education is fundamental to 

advancing the development of more consistent, collaborative, and effective training 

programs capable of promoting the integration of theory and practice in teacher 

education. This study, therefore, does not conclude the debate but seeks to contribute 

to broadening and deepening discussions in this crucial area of Mathematics Education. 
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