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Abstract  

The present study aims to identify which shifts in interests emerged in a continuing 

education program for mathematics teachers in the final years of elementary school in 

the construction of the concepts of area and perimeter. This was a continuing education 

program held at a state school in the municipality of Feira de Santana, Bahia (BA), 

promoted by the Mathematics and Education Collaborative Group (GCMEduc) and 

developed by the researcher at the Federal University of Recôncavo da Bahia (UFRB). 

The research inquiry involved tracking the mobilizations carried out by human and non-

human participants in the course of acting through the networks formed in the 

production of answers to the questions presented in the training. To this end, the 

methodology was developed based on Actor-Network Theory (ANT). The findings show 

that training focused on the mathematical context achieved the points highlighted in 

ANT through Latourian principles: agnosticism, generalized symmetry, and free 

association. 
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Resumen 

La presente investigación tiene como objetivo identificar qué traducciones de intereses 

surgieron en una formación continua dirigida a profesores de matemáticas de los 

últimos años de la educación primaria en la construcción de los conceptos de área y 

perímetro. La formación se realizó en una escuela estatal del municipio de Feira de 

Santana, Bahía (BA), promovida por el Grupo Colaborativo Matemática y Educación 

(GCMEduc) y desarrollada por la investigadora en la Universidad Federal del Recôncavo 

da Bahia (UFRB). La indagación implicó rastrear las movilizaciones realizadas por 

participantes humanos y no humanos en el marco de las redes sociotécnicas 

constituidas durante la producción de las respuestas a las tareas propuestas. La 

metodología se fundamentó en la Teoría del Actor-Red (TAR). Los resultados indican 

que la formación, situada en el contexto de la enseñanza de las matemáticas, 

materializó los principios latourianos —agnosticismo, simetría generalizada y asociación 

libre— en el proceso de construcción de los conceptos matemáticos trabajados. 

Palabras clave: Teoría del actor-red, Traducción de intereses, Formación 

continua, Área y perímetro, Educación matemática. 

Résumé 

Cette recherche vise à identifier quelles traductions d’intérêts ont émergé dans une 

formation continue destinée aux professeurs de mathématiques des dernières années 

de l’enseignement fondamental, concernant la construction des concepts d’aire et de 

périmètre. La formation a eu lieu dans une école publique de la municipalité de Feira 

de Santana, Bahia (BA), sous la promotion du Groupe Collaboratif Mathématiques et 

Éducation (GCMEduc) et développée par la chercheuse à l’Université Fédérale du 

Recôncavo da Bahia (UFRB). L’enquête a consisté à retracer les mobilisations réalisées 

par les participants humains et non humains au sein des réseaux sociotechniques 

constitués lors de la production des réponses aux activités proposées. La méthodologie 

s’appuie sur la Théorie de l’Acteur-Réseau (TAR). Les résultats montrent que la 

formation, ancrée dans le contexte de l’enseignement des mathématiques, a 

matérialisé les principes latouriens — agnosticisme, symétrie généralisée et association 

libre — dans le processus de construction des concepts mathématiques étudiés.  
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Mots-clés : Théorie de l’acteur-réseau, Traduction d’intérêts, Formation 

continue, Aire et périmètre, Éducation mathématique. 

Resumo  

A presente pesquisa tem como objetivo identificar quais translações de interesses 

emergiram numa formação-continuada de professores de matemática dos anos finais 

do ensino fundamental na construção dos conceitos de área e perímetro. Trata-se da 

realização de uma formAção-continuada ocorrida numa escola estadual do município 

de Feira de Santana, Bahia (BA), promovida pelo Grupo Colaborativo Matemática e 

Educação (GCMEduc) e desenvolvida pela pesquisadora na Universidade Federal do 

Recôncavo da Bahia (UFRB). A indagação da pesquisa envolveu o rastreio das 

mobilizações agenciadas pelos participantes humanos e não humanos, no decurso de 

agir por meio das redes formadas na produção de respostas às questões apresentadas 

na formação. Para tanto, a metodologia foi desenvolvida com base na Teoria Ator-Rede 

(TAR). Os achados mostram que a formação voltada para o contexto matemático 

alcançou os pontos destacados na TAR por intermédio dos princípios latourianos: 

agnosticismo, simetria generalizada e associação livre. 

Palavras-chave: Teoria ator-rede, Translação de interesses, Formação 

continuada, Área e perímetro, Educação matemática.   
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Translations of interests in the construction of the concepts of area and 

perimeter in continuing education 

Introduction 

In this study, we consider continuing education an essential component of 

professional development. We understand it as a continuum of initial training (Gatti et 

al., 2019; Santana, 2023). According to Santana (2023), continuing education can take 

place in courses such as refresher, extension, and improvement, which add new 

knowledge and practices. According to Santana, mathematical knowledge is a set of 

interconnected elements that influence and transform practice. 

From the perspective of Actor-Network Theory (ANT) in the field of mathematics 

education, educational practices can be understood as provisional configurations that 

emerge from the associations formed by a network of relationships between various 

actors, including teachers, students, public policies, teaching materials, technologies, 

discourses, and norms (Barbosa & Lira, 2024; Santana, 2023). 

Inspired by Latour's (2011) concept of interest, we recognize that these networks 

(associations) are not immune to disputes. On the contrary, they are permeated by 

interests and connections that link actors and temporarily guide the network's actions. 

These interests seek to stabilize certain practices, standardize teaching methods, and 

reinforce a technical and neutral perspective on mathematics (Santana, 2023). In this 

scenario, concepts such as area and perimeter are no longer merely mathematical 

notions but rather become part of a broader network of functions and interests. 

Despite different studies raising these issues, there are still no studies 

problematizing mathematics education practices from the perspective of ANT. 

Recognizing this potential gap, we conducted an investigation guided by observations 

of the connections and interactions that emerged around the topic. Given the identified 

gap in the literature and the tensions observed in the practices, we clarified the focus 

of this study. 

To achieve the objective of this study, we analyzed the configuration of the 

concepts of area and perimeter in a continuing education program for mathematics 

teachers in their final years of schooling. Theoretically, we rely on Latour's (2011) 

notion of the translation of interests, understanding that mathematical concepts, 

teachers, materials, and technological devices mutually reconfigure themselves within 

the networks that comprise the training practice. 
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From this perspective, the following sections propose a dynamic and relational 

understanding of mathematical knowledge in the ANT approach. They present the 

methodology, analyze the data, and discuss the results. The sections conclude with 

considerations and implications of the study. 

Mathematics education practices associated with actor-network theory 

Ponte (2003) notes that the continuing education of mathematics teachers often 

occurs in a fragmented manner. This education is structured by courses and programs 

that are external to the teaching reality and focus on transmitting predefined content. 

According to the author, these training programs often disregard the needs and 

experiences of teachers, which makes them difficult to apply in practice. However, 

Ponte emphasizes the importance of training models that promote teacher involvement 

by encouraging reflection on their practices and the sharing of experiences with peers. 

In this study, we understand mathematics education practices as socio-technical 

networks composed of humans and non-humans (e.g., teachers, students, tasks, 

concepts, instruments, technologies, norms, and spaces), whose actions are articulated 

relationally. Thus, we do not take a practice as planned or intentional action by subjects, 

but rather as a provisional effect of associations that are temporarily stabilized during 

mathematical practice. 

The mobilization of material, discursive, and human elements establishes the 

foundation for other interpretations, bringing these discussions closer to the 

contributions of Fiorentini (2023). According to the author, training should expand 

professional knowledge and be based on research into the teaching and learning 

processes. This enables teachers to reevaluate and transform their practices through 

collaborative reflection. In line with Santana (2023), we view continuing education as 

an interactive process in which various elements, both human and non-human, 

influence and are influenced by existing networks. 

From this perspective, our goal in relying on ANT was not to categorize the 

concepts of area and perimeter, but rather to understand them as non-human agents 

that influence and are influenced by the practices that emerge from the associations 

between teachers, students, curriculum materials, measurement instruments, 

technologies, normative documents, and other elements that comprise the practice of 

mathematics education. 
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French researchers Douady and Perrin-Glorian (1989) emphasize that 

constructing the concept of area requires integrating different frameworks, such as 

geometric, magnitude, and numerical. The absence or weakness of these frameworks 

in educational practices can disrupt learning. According to the authors, the geometric 

framework refers to understanding a surface as a shape in space, considering its visual 

and spatial aspects, as well as its properties. 

The concept of magnitude enables us to perceive area as a measurable quantity 

linked to the idea of two-dimensional extension. This distinguishes it from other 

magnitudes, such as linear length or perimeter, which are associated with contour. The 

numerical framework, on the other hand, relates to expressing area through numbers. 

This enables quantification, calculations, unit conversions, and the use of formulas. It 

is most prevalent in traditional school practices. Through the lens of ANT, these 

frameworks act as mediators between actants, temporarily stabilizing the concept in 

practice. 

Baltar (1996) shows that when teaching area and perimeter concepts relies on 

formulas alone, dissociating them from comparison, measurement, and surface 

construction practices, the concepts circulate in a simplified form. This form is restricted 

to the numerical framework and detached from its geometric meaning and magnitude. 

Thus, from the ANT perspective, area and perimeter are actants in practices that 

produce effects and condition actions. At the same time, they are reconfigured by the 

associations that form in different educational contexts. 

Inspiration for this study came from the works of Almeida and Santana (2024), 

who analyze the continuing education of teachers mediated by digital technologies; 

Klaus (2022), who investigates the influence of educational software; and Lira, Moura, 

and Souza (2022), who discuss how digital platforms reconfigure teaching strategies. 

These studies reinforce the importance of analyzing the associations that constitute 

mathematics education in training contexts. In light of these discussions, we present 

the theoretical perspective underlying this research below, revisiting the main concepts 

of Actor-Network Theory that guide our analysis of the examined practices. 

ANT provides a conceptual framework for understanding mathematics education 

practices as network formations constituted by interactions between humans and non-

humans. The hyphen in "actor-network" is essential to ANT because it emphasizes the 

interdependence and inseparability of the actors and networks forming socio-technical 

associations. It indicates that actors—whether humans, objects, technologies, or 
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ideas—do not act in isolation, but rather, interact with and are formed by the networks 

they are part of (Latour, 2012; Lemos, 2013). 

Similarly, we use the spelling form continuous Action, emphasizing the "A," as 

proposed by Santana (2023). Santana describes teacher training as a permanent and 

dynamic process marked by continuous shifts and transformations. According to Latour 

(1994), the concept of a network, specifically a sociotechnical network, can be 

understood as a heterogeneous set of associations between humans and non-humans 

(e.g., institutions, humans, documents, laws, technologies, objects, concepts, 

formulas). When these elements interact, they produce effects and generate actions 

and knowledge. 

 ANT (actor-network theory), developed by authors such as Bruno Latour, Michel 

Callon, John Law, and Annemarie Mol, derives from Science and Technology Studies 

(STS). STS describes everyday practices involving science, technology, and society, 

analyzing the interdependencies between humans and non-humans. Unlike traditional 

sociology, which classifies society as a structured set of autonomous domains such as 

economics, politics, education, and law, ANT rejects the notion of fixed, preexisting 

domains. According to Aron (1999), classical sociologists such as Marx, Durkheim, and 

Weber established different ways of understanding society based on large structures 

such as classes, institutions, and collective values. 

These authors emphasized explanations based on social totalities, such as the 

state, the economy, and religion. These totalities determine the rules and laws that 

establish the patterns that explain how society works. According to Latour (2012), the 

social cannot be understood as a distinct domain but rather as a process that must be 

observed. Understanding how these associations form networks involves identifying 

and analyzing the mediations intervening in them. 

According to Oliveira and Porto (2016), in ANT, mediation means intervening in 

the formation of an effect by acting on the associations that comprise the network. The 

mediator is not merely a transmitter but rather an element that transforms, translates, 

and reconfigures connections, directly contributing to the produced result. Salgado 

(2018, p. 112) adds that "mediation is the action that interests ANT because it is the 

only action that matters, as it brings about changes in courses of action and actants 

involved that are not known in advance." 

According to Latour (2012), the actant interferes with the meanings that circulate 

in the network by transforming, translating, distorting, or modifying them. By acting in 
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this way, the actant interrupts the predictable flow of actions and introduces new 

possibilities for association. The actant's nature or previous position is irrelevant since 

the actant is defined by its ability to affect and be affected. This ability reorients the 

network's course through the actant's actions. 

Some post-ANT studies note that certain materials, formats, or properties may 

limit certain mediations. However, ANT remains focused on the effect produced by 

associations rather than on the nature of the elements. 

In this research, the term "interest" is used in the Latourian sense of inter-esse, 

which literally means, "to be between." According to Latour (2011), interest does not 

refer to the desires or intentions of human groups, but rather to the connections and 

mediations that keep the actants associated within a network. According to Latour 

(2011), inter-esse literally means, “to be between,” or that which holds together 

provisional associations belonging to an action. 

ART has been criticized by authors who highlight significant limitations in its 

approach. For example, Bloor (1991) criticizes the equality proposed by Bruno Latour 

and Michel Callon between humans and non-humans. He argues that this equivalence 

weakens social criticism by ignoring issues of power, ideology, and structure. Similarly, 

Walsham (1997) points out that ANT ignores broader social structures, adopts an 

amoral stance on ethical and political issues, and hinders the creation of more 

comprehensive analyses due to its excessive focus on detailed descriptions. Despite its 

relevant contributions, these criticisms suggest that ANT could benefit from engaging 

with other approaches to expand its capacity to describe and analyze networks. 

ANT defines a sociotechnical network as a heterogeneous arrangement consisting 

of human and non-human elements whose connections are constantly negotiated, 

reconfigured, and stabilized. These networks are configured through interactions 

between actants. As Lira and Barbosa (2024, p. 5) point out, the sociotechnical network 

"refers to heterogeneous (hybrid) associations between humans and non-humans in 

non-linear arrangements so that each participating element represents a node in a 

tangle of multiple connections whose members produce effects on each other." 

Understanding the network therefore implies following the translational movements 

that constitute it—that is, observing how, when they associate, the actants transform 

meanings, redirect interests, and reconfigure possible paths of action. For Latour 

(2016), translation involves transcription, transposition, and displacement, generating 

changes in the elements involved. 
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In mathematics education, translation refers to how interests and objectives 

adapt and take on new meanings in interactions between actants. Within this process, 

inscriptions stand out. They are the material record of these translations, materialized 

in calculation notes, drawings, graphs, diagrams, or digital resources. These 

inscriptions reveal the negotiations and adaptations within the network, allowing 

elements to circulate, be shared, and generate new meanings, facilitating translation. 

Latour (2011) expands upon the concept of translation, moving it away from its 

linguistic (translation from one language to another) and geometric (translation from 

one point to another) meanings to describe it as a process of the displacement, 

interpretation, and transformation of interests. Latour defines translation as "the 

interpretation given by fact-makers to their interests and those of the people they 

enlist" (2011, p. 169) and explains that translating interests "means, at the same time, 

offering new interpretations and channeling people in different directions" (2011, p. 

183). 

According to Latour (2011), translation can be expressed in five ways that 

demonstrate how interests are reoriented and stabilized within socio-technical 

networks. The first occurs when an actor encounters others with similar goals and forms 

alliances based on converging interests. In essence, the actor is saying, "I want what 

you want" (Latour, 2011, p. 168). The second movement occurs when a proposal or 

mobilization awakens an interest in something new for others, prompting the question: 

"I want it. Why don't you?" (Latour, 2011, p. 172). 

The third movement concerns the need for deviation, or a partial repositioning of 

intentions to achieve a shared goal, asking, "What if you deviated a little?" (Latour, 

2011, p. 173). The fourth movement involves a more profound reconfiguration of the 

interests at stake. Goals are redefined, new groups form, deviations are concealed, and 

attribution tests are overcome by rejecting explanations that attribute the invention to 

a single, isolated actor. The fifth movement occurs when various agents voluntarily 

mobilize around a collective action, becoming essential to its continuity and assisting 

in the expansion of the network. 

From different perspectives on translation analysis, Callon (1986) structures this 

process into defined stages. In contrast, Latour (2011) takes a more fluid approach, 

avoiding categorizations and following traces and mediations in progress. Callon (1986, 

p. 65) considers translation to be the mechanism by which the social and natural worlds 

progressively take shape. This means translation involves constructing a network in 
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which the identities of the actors and the possibilities for interaction are negotiated. In 

this study, we adopt Latour's approach, following translations without schematizing 

them into phases and embracing the fluidity of the process. 

Thus, translation encompasses the alignment of interests and the changes that 

strengthen alliances and maintain network operations. Latour (2011) invites us to view 

continuing education as a laboratory where mathematical concepts are negotiated, 

displaced, and temporarily stabilized. He states: “I have used translation to indicate 

shifts, trends, invention, mediation, and the creation of a link that did not previously 

exist, which modifies the two originals to a certain extent” (Latour, 2017, p. 213). 

We consider the translation of interests to be the process by which sociotechnical 

networks form and reconfigure in educational practices through the negotiation, 

modification, and reframing of interests between humans and nonhumans. These 

principles also guide our methodological choices as we seek to follow the traces of the 

associations woven into the continuing education analyzed. Understanding 

mathematics education practices as networks of associations between humans and 

nonhumans guided our empirical analysis, which is described in the following section 

dedicated to methodological procedures. 

Method 

This research falls under the post human paradigm because it rejects 

anthropocentrism and the idea that relationships between humans and nonhumans 

should be symmetrical. According to Monteiro, Vignoli, and Almeida (2020, p. 3), this 

perspective challenges the notion that humans are the sole possessors of cognitive 

abilities by acknowledging that knowledge is formed through connections spread 

throughout the network. This conception aligns with the generalized symmetry of ANT, 

which treats all actants as equally relevant to the formation of sociotechnical networks. 

In this study, the term "post-human" refers to an ontological position that shifts 

the focus from the subject to the relationships that constitute it; however, it does not 

represent a full adherence to the post-qualitative approach. While it engages with 

conceptions that challenge human centrality, as suggested by St. Pierre (2022), this 

study remains within the realm of qualitative research. It aims to deeply understand 

the mediation and translation processes established in educational practices. Thus, the 

post human is taken as ontological inspiration, and the qualitative approach is taken as 

a methodological strategy for tracing and understanding associations. 
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Adopting this perspective, we rely on Bogdan and Biklen's (1994) qualitative 

approach, which seeks to understand processes and meanings through a detailed 

analysis of participants' practices within their specific contexts. This research does not 

start from fixed hypotheses; rather, it traces the networks of associations formed when 

the concepts of area and perimeter are constituted by observing how humans (teachers 

and trainers) and non-humans (teaching materials, technological devices, and 

mathematical concepts) interact and negotiate interests. 

Unlike subject-centered interpretive approaches, this study combines qualitative 

research with the relational ontology of Actor-Network Theory (ANT), viewing 

knowledge as the result of interactions between elements. Thus, the analysis does not 

focus on individual intentions but rather on the connections and transformations that 

occur within the network. 

This empirical research is based on the principles of ANT, which views reality as 

the result of associations between actants in practices. Following Nobre and Pedro 

(2010, p. 48), “the analysis of networks (. . .) must acquire a socio-technical 

perspective, following the connective processes throughout society”, implying that 

phenomena are produced through the mediations, displacements, and translations that 

occur in practices. 

Data collection involved filming and audio recording the training sessions, as well 

as taking photographs. These methods complied with the ethical principles established 

by the Research Ethics Committee and were carried out after receiving its approval. To 

analyze the associations, the participants' open responses were qualitatively analyzed 

using IRaMuTeQ (Interface de Analyse de Textes et de Questionnaires), software that 

allows one to investigate the composition and organization of discourses and elucidate 

the relationships between the lexical fields most frequently used by the research 

participants (Camargo; Justo, 2013). 

Based on the transcribed data, we performed two similarity analyses. These 

analyses allowed us to identify the occurrences of the main words in the discourse and 

their connections. Our analyses were guided by the fundamental principles of actor-

network theory (ANT) described by Latour: agnosticism, which avoids pre-established 

positions and value judgments; generalized symmetry, which gives all actants equal 

analytical relevance; and free association, which tracks connections without reducing 

them to fixed categories. This process allowed us to identify the enlistments, interests, 
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deviations, negotiations of interests, and stabilization processes of the sociotechnical 

network. We will present this path in the following sections. 

Following these guidelines, we will describe the training laboratory, which we 

consider a starting point for tracing the observed associations. 

Describing the laboratory 

The Collaborative Group for Mathematics and Education (Grupo Colaborativo de 

Matemática e Educação - GCMEduc) is a space dedicated to mathematics education 

research, training, and experimentation, integrating teaching, research, and outreach 

activities. The group was created to bring together teachers, researchers, and trainers 

and promote reflections and practices that contribute to the circulation of mathematical 

knowledge in different educational contexts. The group organizes continuing education 

courses, seminars, and research projects to promote dialogue between theory and 

practice, as well as between the various stakeholders in the education network 

(Santana, 2024). 

In this context, GCMEduc promoted the training analyzed in this research as part 

of its efforts to train mathematics teachers. The training session, held in the second 

half of 2024 at a rural school in Feira de Santana, was attended by 12 teachers from 

two rural schools participating in the research, as well as the trainer and researcher, 

who acted as an observer. The event was planned to take place in person, with an 8-

hour workload distributed over two consecutive Thursdays in November, always in the 

afternoon. 

Teachers were recruited via email invitations sent to schools, which instructed 

them to access the GCMEduc Instagram page, click the link on the training promotion 

card, and fill out a Google Form registration. The researcher in charge received the data 

provided and confirmed the registrations by email, ensuring the teachers' participation. 

The training took place in a 25-square-meter room whose spatial organization 

and infrastructure directly influenced the participants' interactions and engagement. 

The arrangement of objects also played a decisive role in the composition of the socio-

technical network. The centrally positioned oval table, open notebooks, pens, and 

papers scattered around the room; cell phones resting on desks; and slides projected 

onto a mounted TV acted as mediators that shifted attention, reorganized the space, 

and created points of convergence during discussions. 

These non-human elements directly influenced the pace and direction of 

interactions among participants by eliciting gestures, glances, and actions. Additionally, 
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the air-conditioned environment with a 18,000 BTU air conditioner set to 20°C provided 

essential thermal comfort, allowing the teachers to concentrate and engage throughout 

the training. 

A trainer conducted the training practice, which was structured around the theme 

“Investing, measuring, and calculating: interdisciplinary mathematical investigations” 

and focused on exploring the concepts of area and perimeter. The proposal adhered to 

the principles of ANT, which stemmed from the interactions between humans and non-

humans throughout the teaching-learning process. During the meetings, teachers were 

challenged to problematize mathematical situations related to measurement, space 

optimization, and area distribution. Consequently, they employed various strategies to 

address the posed inquiries. 

The training mobilized various actors within the established socio-technical 

network. These included TV, the slides presented, and QR codes that directed 

participants to supplementary materials, such as sheets of paper, pens, pencils, 

erasers, cell phones, notebooks, internet access, and a notebook used by the 

researcher to record interactions. 

 During the training, teachers encountered new interpretations of area and 

perimeter. As they engaged with the proposed tasks, they altered the compositions 

that supported their interpretations of these concepts. Tracking these interactions 

makes it possible to understand how translation processes occur in practice and how 

mathematical knowledge is translated in the continuing education of teachers. 

The following analysis details these dynamics without attributing protagonism to 

a single actor, thus preserving the principles of generalized symmetry proposed by 

Latour (2012). To maintain research ethics and ensure the preservation of the identity 

of those involved, participating teachers will be identified as Participant A, Participant 

B, Participant C, and so on. This strategy enables us to analyze interactions without 

prior hierarchization, respecting the fluidity of the network and highlighting the multiple 

associations that emerge during training. 

The non-human elements, including TVs, slides, QR codes, notebooks, and digital 

devices, composed the training scenario and acted with the teachers. They modified 

the modes of interaction, the rhythms of discussions, and the possibilities of thought. 

Thus, the analysis demonstrates that mathematical knowledge emerges from material 

and discursive mediations, reaffirming the inseparability of matter, practice, and 

meaning within the sociotechnical network. 



 

14 Educ. Matem. Pesq., São Paulo, v. 28, p. 01-31, 2026, e73363 

We have now concluded our more detailed description of the training laboratory 

and will move on to the next stage of the analysis. In this stage, we will seek to 

systematize these associations by mapping the network. Based on the description of 

the training laboratory and the observed interactions, we will map the associations 

between the actants that emerged in the training records. This mapping allows us to 

visualize the actants and their connections in the broader sociotechnical network, 

facilitating the identification of the relevant translations mobilized throughout the 

process. 

Mapping of actants through similarity analysis 

Similarity analysis is based on graph theory and operationalized using the 

IRaMuTeQ software. In this study, similarity analysis was used to map the connections 

between words in the textual corpus, revealing the relational structure present in the 

discourse. According to Lima (2023), this technique enables identification of the most 

frequent terms and visualization of how they are connected, forming semantic nuclei 

that guide text organization. In this study, this approach highlighted the central terms 

"people," "area," and "square," which functioned as main nodes in the lexical network. 

Words with lower frequency and fewer connections are distributed around these main 

nodes, forming peripheral networks. 

Although these secondary networks are less dense, they are fundamental to 

understanding the variations, nuances, and complementary themes that enrich the 

corpus's overall meaning. Therefore, similarity analysis highlighted fundamental 

discursive relationships and dynamics of articulation between concepts in the analyzed 

dataset, providing a more integrated and complex view of the textual material. The 

results of this stage enabled us to visualize the semantic nuclei of formation, as 

illustrated in Figure 1 below. 

 

Figure 1 

First similarity analysis. Analysis using IRaMuTeQ software (version 0.8 a7) developed 

by the author 
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From the perspective of ANT, the term "area" acts as a mediator that connects to 

other terms, such as "relationship," "meaning," "volume," "perimeter," and "equalize." 

These words form a network that mobilizes geometric knowledge and articulates 

concepts essential to teaching practice. Similarly, the word "square" is associated with 

terms such as "shape," "measure," "check," "count," and "height," forming a 

community that focuses on solving mathematical problems and highlighting the joint 

action of human and non-human elements in the formation of knowledge. 

Other lexical networks emerge. For example, the network involving the verbs 

"achieve," "solve," "understand," and "do" illustrates the processes of overcoming and 

appropriating knowledge through interactions. The grouping around the word "give," 

connected to "answer," "question," "explanation," and "teacher," highlights 

collaborative practices and mediation flows that support learning. 

 The core formed by the word "thing" represents a zone of greater abstraction. 

Here, verbs such as "explain," "see," "show," and "know" demonstrate how 

heterogeneous elements are associated and construct meanings about the educational 

process. Thus, the graphic configuration reveals a complex socio-technical network in 

which discourses, practices, and objects interact to create a performative dynamic that 

sustains the analyzed mathematical education. 

After this general analysis, we note that Figure 1 shows the results of a filtered 

similarity analysis considering only verbs, nouns, and adjectives with a frequency of at 

least 10. This filtering allowed us to refine the visualization of the most relevant 

associations in the textual corpus (Figure 2) to facilitate identification of the thematic 

nuclei structuring the participants' discourse. 
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Figure 2 

Filtered similarity analysis. Analysis using IRaMuTeQ software (version 0.8 a7) 

developed by the authors 

 

Based on these results, we were able to proceed with configuring the socio-

technical network of actants identified in the analyzed continuing education program. 

To this end, the actants were grouped together to improve visualization of the network 

while preserving the complexity of emerging associations. 

Using similarity analyses and the recurrent words, we mapped the set of actants 

that comprise this network. These groupings do not represent fixed categories or 

hierarchies but were designed exclusively to facilitate understanding of the complex 

interactions illustrated in Figure 3. 

Figure 3 

Sociotechnical network of continuing education. Created by the authors using Ghephi 

0.10.1 software 
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The actants include trainers, participating teachers, students, farmers, and 

fishermen who represent rural community practices. The curricular materials include 

textbooks, notebooks, blackboards, pens, printed assignments, training itineraries, and 

regulatory documents. The technological devices include cell phones, slides, notebooks, 

QR codes, software, calculators, and projectors. These materials and devices act as 

mediators of interactions. 

Physical spaces encompass school environments (classrooms and laboratories) 

and community environments (fields, universities, schools, and vegetable gardens), 

composing the scenarios in which mathematics education practices unfold. Additionally, 

economic and historical actors such as agribusinesses, gemstone transportation, and 

the Industrial Revolution have been incorporated into the network. These actors 

emerge in discussions, expanding the network by connecting local knowledge to global 

processes. Finally, the levels of “basic education” and “higher education” operate as 

institutional actants that put pressure on the educational network by mobilizing 

different expectations. 

The configuration of this network allowed us to identify interesting translations in 

the analyzed educational context. We highlight the optimization of spaces associated 

with the concepts of area and perimeter as one of the emerging translations. The 

second translation covers social relations and collective practice. This is revealed by the 

recurrence of the term “people,” indicating mediation and collaborative interactions 

among participants in the formation of knowledge. The third translation is didactic 
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formalization, arising from constant references to “square,” “task,” and “software.” This 

highlights the role of objects and technological resources in standardizing and 

materializing activities. 

These translations demonstrate that formative practices are not solely based on 

interactions between subjects; they also take the form of heterogeneous networks in 

which non-human agents, such as objects, concepts, and ideas, play a role. These 

elements influence and transform the translation of knowledge in associations with 

humans. In the following section, we delve deeper into the translations of interest 

identified in the lexical networks, especially those associated with the optimization of 

spaces, collaborative relationships (“people”), and didactic formalization (“square,” 

“task,” “software”). We analyze how these translations manifest during the mediation 

of the investigative task and the mobilization of concepts associated with area, 

perimeter, and mathematical optimization. 

Mediation of the investigative task and translations of interest in 
continuing education 

As a snapshot of the training moment, we begin with the investigative task being 

entered into the socio-technical training network. To ensure that the participants 

remain connected to the network and do not lose interest in presenting the teaching of 

area and perimeter concepts through the concept of space optimization, the trainer 

proposes the following: "I thought of a problem situation to realign our focus and 

deepen the issue of optimization." 

According to Ponte (2003), the problem presented to the participants (Figure 4) 

is an investigative task because it presents a situation contextualized with life in the 

field and has an open structure that allows for different approaches and solutions. 

However, according to the typology presented by Ponte et al. (2024), although the 

tasks in this training have a real context and mobilize relevant mathematical 

knowledge, they are predominantly contextualized exploratory tasks because they 

present predefined solution paths and specific mathematical objectives. 

 Nevertheless, these tasks have the potential to encourage investigation if their 

statements are expanded to allow for multiple solutions, project decision-making, and 

social, economic, or environmental analyses linked to the proposed context. According 

to Ponte (2003), these types of tasks favor the mobilization of mathematical knowledge 

and encourage the formulation of conjectures, comparison of strategies, and reflection 

on mathematical relationships. 
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When faced with the challenge of constructing two corrals within a given 

perimeter, participants are encouraged to explore different possibilities and justify their 

choices, thereby promoting critical thinking and a deeper understanding of the 

underlying concepts. One group discussed possible shapes for two corrals with the same 

perimeter. Initially, the teachers proposed different shapes, such as squares, 

rectangles, and circles. After exchanging arguments, they realized that despite the 

equal perimeter, the resulting areas varied considerably. 

This realization sparked a debate about how shape influences space optimization. 

The group recognized that, in practice, the decision of which shape to use is not only 

conditioned by calculations but also by factors such as intended use and construction 

feasibility. Thus, the task becomes an agent in the network, aligning interests and 

provisionally supporting the translation of the concepts of area, perimeter, and space 

optimization. 

Figure 4 

Training issues – initial part (2024) 

 

The task presented on the slide has specific length restrictions for the fence and 

guides participants to use concepts such as perimeter, area, equations, functions, and 

optimization. Thus, it sets up a process of translation that redefines interests and 

expands associations within the network. 

This process occurs through concrete actions such as scratching, calculating, 

writing, and drawing. It also involves recruiting non-human actants, such as notebooks, 

pencils, paper, and mathematical concepts, which collaborate in mediating knowledge. 

The trainer encourages participation by suggesting that participants organize into pairs 

or trios and join the network to establish initial connections. "You can form pairs or 

trios to think about strategies, right?" 
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 In addition to humans, other actants are enlisted: notebooks, pencils, pens, 

sheets of paper, projected slides, and mathematical concepts. These actants begin to 

influence, shape, and transform interactions within the network. Each group interacts 

with these actants, writes down calculations, creates graphical representations, and 

discusses different approaches to solving the task. 

According to Latour (2011), enlisting allies is essential to stabilizing sociotechnical 

networks because no idea can be sustained without engagement. In mathematics 

education, for instance, knowledge is only consolidated when various elements, such 

as teachers, students, teaching materials, and symbolic representations, come together 

in a coordinated manner. Generalized symmetry is evident in this process since humans 

and nonhumans play equivalent roles in the collective composition of knowledge. There 

are no hierarchies among the participants or the materials involved. Interactions among 

participants reveal translation-like movements, such as mutual engagement around a 

task, adjustment of strategies, and reallocation of individual interests in favor of shared 

goals, indicating alignment and reconfiguration of the sociotechnical network. 

Participant B: Because here, let's take where we did it: 4X + 8Y = 140, right? 

Then what did we do? You replaced 4X... I'll just put X. 

Participant C: You divide everything by 4. 

Participant B: 140 - 8Y divided by 4. 

Participant C: X gave 35. 35 + 2Y. 

Participant D: I didn't get this wrong, did I? Here, 35 - 2L. 

Participant B: So, redo it, redo what you did. 

Participant C: 35x35, 1225. 

Participant D: Yeah... There isn't... 

Participant B: You have to close this, understand? 

Participant B: We need a relationship to equalize. Equalize to A. The area is not 

zero. You have to equalize it to less... 

During the interaction, we observed a dynamic network of human actors—

participants B, C, and D—who exchanged information, verified procedures, and 

questioned calculations through speech. They acted collectively in constructing 

mathematical understanding. The equation 4x + 8y = 140 organized and guided the 

discussion. The substitution, division, and algebraic manipulation of terms mobilized 

the mathematical concepts and discursive tools used by the participants. 
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D's question, "Did I get this wrong?" prompts a collaborative reassessment of the 

calculation and highlights the negotiation and adjustments needed to stabilize 

knowledge. B's statement, "You have to close this, understand?" acts as a mediator, 

directing the group toward formalizing the relationship between the variables and the 

composition of the concept of area. This concept is also represented as a conceptual 

actant in the process. 

 Thus, the socio-technical network formed by the participants, mathematical 

language, and symbolic procedures continuously reorganizes to achieve a shared 

understanding. This process highlights the collaborative efforts to provisionally stabilize 

the mobilized concepts. Each group explored different approaches to solving the 

problem, as evidenced by the calculations presented in Figure 5. 

 

Figure 5 

Registration procedures mediated by the concepts of area and perimeter communicated 

by different translations (2024) 

 

Figure 5 illustrates the entries made by the groups through calculations and 

graphical representations. Resolving the task expanded the socio-technical network of 

the training, which was mediated by actants such as participants, the proposed task, 

paper, pens, geometric drawings, letters, mathematical symbols, perimeter and area 

formulas, algebraic procedures, numerical values, and graphical representations. These 

actants interacted by mediating the transition from visual representations to algebraic 

expressions and then to numerical values. Occasionally, they transitioned back to 

graphical representations until the solutions were provisionally stabilized. 
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In Group 1's entry, the initial translation occurred when the participants equated 

the length of the rectangle to the side length of the square. This allowed them to add 

all the sides of the figures together using the same variable and equate this sum to the 

total perimeter. This association led to determining the side length of the square and 

then calculating its area. These values were provisionally stabilized as the solution. 

However, we note that the group also started a second path. They assigned different 

variables to the sides of the figures and set up a new equation. However, they 

interrupted the translation before reaching the expected result. 

In Group 2's record, we observed that they began solving the task by 

representing the figures and assigning different variables to the square and rectangle. 

Next, they associated the rectangle's structure with the formula for its perimeter, 

interpreting it as a whole that could be proportionally divided between length and width. 

This interpretation enabled them to express the rectangle's dimensions in terms of the 

square's side length and the total perimeter, establishing a connection between the 

figures. 

The following entries reorganized these relationships into area calculations, which 

were then combined into a single expression. This expression was then used to find the 

dimensions that maximized the total area. This allowed the group to record final values 

for the areas of the square and rectangle. These values were accepted as the solution 

to the task. 

Group 3, on the other hand, translated the statement into equations relating the 

total perimeter to the dimensions of the figures. They reorganized these relationships 

until obtaining a single expression for the total area. They represented this expression 

as a quadratic function. The graphical reading of this function helped the group 

understand how measuring the side of the square influenced the total area. This 

understanding enabled the group to identify the value that maximized the area and use 

it to determine the individual areas. These measurements were then stabilized as the 

final answer. 

Finally, Group 4 isolated a variable in the perimeter equation to establish the 

figures' dimensions through this relationship. Based on these dimensions, Group 4 

calculated the areas of the square and rectangle but did not proceed to the 

maximization stage like the other groups. The translation stabilized with the 

presentation of the dimensions and formulas for calculating the areas without defining 
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a final maximum value. This resulted in a partial solution that was accepted by the 

network. 

After the scheduled 20 minutes, the training instructor facilitated the sharing of 

responses by displaying the official solution on a slide, which brought together the 

different participants and their approaches around a common point. By inviting 

participants to observe the relationship between area and perimeter to maximize space 

usage, he enabled them to compare their strategies, reconfigure their networks, and 

negotiate, compare, and stabilize ways to solve the problem. Figure 6 shows the 

solution presented, accompanied by the trainer's speech articulating and coordinating 

these elements.  

Figure 6 

Resolution proposed by the trainer for the proposed task (2024) 

  

The excerpt below shows the trainer's statement with the request made to the 

participants. Let's take a look: 

Trainer: "I asked you to write down the perimeter of the rectangle, which is 8x. 

Based on the perimeter of the square with side L. Note that this measurement is 1/8 of 

the perimeter of this figure. If I think of the rectangle, it is 1/8 of the perimeter, but if 

I think of the square, it is 1/4. However, I have a rectangle whose perimeter is part of 

the perimeter of the square. Therefore, it is 1/8 of the perimeter. I wrote down the 

length and width, considering that the width is 1/8 and the length is 3/8 of the 

perimeter. 

Figure 6 shows the solution that the trainer explained to the participants during 

the training. He organizes his reasoning into clear steps. First, he defines the perimeter 

of the square as 4l and the perimeter of the rectangle as 8x. He highlights that the 

rectangle was conceived with a width of x and a length of 3x. Next, he establishes the 
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relationship between the perimeters using the total available fence (140 meters) by 

writing Pr = 140 − 4l. In other words, the perimeter of the rectangle is obtained by 

subtracting from the total what has already been allocated to the square. 

In this excerpt, the trainer acts as a mediator, mobilizing mathematical, 

geometric, and discursive elements to construct a network of associations. This network 

allows participants to relate to and understand the perimeter of the figures involved. 

The instruction to express the perimeter of the rectangle as a function of the perimeter 

of the square combines mathematical and geometric concepts while establishing 

proportional relationships (1/8 and 1/4) that form the basis of the task's relational 

network. 

By emphasizing that the rectangle's measurement corresponds to a particular 

fraction of the total perimeter, the trainer encourages translation between geometric 

spaces and their numerical representations. This reveals that understanding the 

problem hinges on articulating these connections. Writing the length and width while 

considering this relationship highlights the collective development of the solution. In 

this process, physical dimensions and their proportions are translated into 

mathematical terms that allow algebraic manipulation. 

Thus, the excerpt shows how humans (the trainer and teachers) and non-humans 

(the figures, measurements, and fractions) form a heterogeneous network whose joint 

action supports the production of mathematical knowledge. The trainer's speech reveals 

this network's performative character in that it guides and stabilizes participants' 

interpretations to advance the resolution of the task. 

The trainer distributes the remaining perimeter proportionally from this value. 

The width of the rectangle represents 1/8, and the length represents 3/8, of the total 

perimeter allocated to it. This procedure is shown in the image's calculations and 

corresponds exactly to what the trainer explains in the quoted excerpt. The trainer 

guides the participants to understand not only the calculations but also the logic behind 

the proportional division of the material. He uses mathematical language to ensure 

clarity and prepare the group for the area optimization stage. The dialogue continues 

amid tension among the participants, who are trying to understand the trainer's 

strategy. 
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Participant D: So, x would be equal to L? 

Trainer: X equal to L? Really? Think about it. 

Participant F: I tested it this way, and the area came out to be 181. 

Trainer: Is that the best solution? Or is there a smaller one? 

Participant B: I think L would be 1/3, not 3/8. 

Participant C: I don't understand where that 3/8 comes from. 

Participant D: Because the perimeter of the rectangle is 8X. The width is 1/8 and 

the length is 3/8. 

Participant C: Oh, now I understand. 

This excerpt illustrates a shift in which participants confront their strategies and 

perceptions and begin to align their understanding with the trainer's reasoning, 

highlighting the negotiation of interests within the training network. At another point in 

the practice, we observed a temporary stabilization of concepts when analyzing the 

participants' responses. They began to accept the trainer's proposal as the most 

appropriate solution and reorganized their initial interpretations around this new, 

shared understanding. This movement reveals how the network temporarily adjusts, 

allowing the concepts of area, perimeter, and optimization to be fixed collectively before 

moving on to new problems. 

Participant E: Oh, now I get it! So, we were trying to set up the equation 

differently, but ultimately, it comes down to the same relationship. 

Participant F: So, that's why we need to express everything in terms of the total 

perimeter... This makes sense now. 

Trainer: In textbooks, area, and perimeter usually appear in isolated exercises, 

with almost no connection to real teaching conditions. 

Participant A: In textbook exercises, I calculate the areas of squares and 

rectangles without thinking that, on my farm, I only have 140 meters of fence. I 

end up doing a mechanical calculation that bears little resemblance to the real 

problem. 

Participant C: When I only bring the task from the book, my students don't see 

the point. 

Participant A: Now I see area and perimeter not as abstract properties, but as a 

way to teach my students to make decisions in real-life situations. 
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Participant C: And that also allows me to question the proposals in the books, 

always seeking to contextualize the concept to the students' experience. 

The excerpt reveals a socio-technical network forming, where actants—trainers, 

teachers, mathematical concepts, textbooks, and real contexts—interact to translate 

and redefine teaching area and perimeter. Participants' statements indicate translation 

when there are initial attempts to formulate the equation. However, the mobilization of 

the total perimeter as a common reference stabilizes the mathematical relationship. 

The trainer's intervention emphasizes the frequent disconnect between formal 

teaching, as represented by isolated exercises in textbooks, and students' daily lives. 

This highlights the role of textbooks as non-human actors that influence teaching 

practices. The participants' realization of the need to link concepts to the reality of rural 

students' lives, such as a "farm" with "140 meters of fence," signals a reconfiguration 

of pedagogical relationships. In this reconfiguration, mathematical knowledge is re-

signified according to the demands of everyday life. 

This reframing reinforces the ANT idea that knowledge is not static data but rather 

the result of associations and negotiations between different actors. Criticizing the 

books' proposals and searching for contextualization reflect teachers' active role as 

educators who reconstruct the teaching network by articulating technical and social 

elements to produce more meaningful and critical practices. 

An emblematic example of this occurred when a group compared different 

possible enclosures for a rectangular plot of land and realized that two configurations 

with identical perimeters resulted in significantly different areas. Reflecting collectively 

on this outcome revealed that understanding area and perimeter cannot be fragmented 

because both concepts act as mediators in the decision-making process and are 

intertwined in concrete problem-solving practices. 

Meanwhile, we observed that the participants acknowledged that the resolution 

strategies did not meet the optimization conditions and accepted the trainer's proposed 

solution as the best path. According to Latour (2011), the trainer showed the 

participants that their path was blocked and that they should take a shorter detour. In 

addition to solving the problem, the participants applied their understanding to 

classroom practices. They criticized the fragmentation of concepts imposed by 
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textbooks and explored new ways of thinking about the relationship between area, 

perimeter, and optimization. 

In light of these observations, we will highlight some interesting translations 

throughout the activity. First, the concept of optimization began to mediate the 

teaching of area and perimeter in a contextualized and relational way, connecting them 

to everyday situations. Algebraic expressions were converted into geometric sketches, 

which made the interdependencies between area and perimeter more visible. Third, the 

agency of non-human mediators (notebooks, slides, and software) influenced the 

negotiation of strategies with teachers, leading them to stabilize concepts. Lastly, a 

shift in relation to fragmented textbook teaching emerged when teachers questioned 

the gap between school approaches and local realities, calling for more contextualized, 

meaningful mathematics education practices. 

Identifying these translations of interest provides a broader understanding of how 

human and non-human elements co-produce and attribute new meanings to 

mathematical knowledge in mathematics education practices. This socio-technical 

perspective provides insight into possible pedagogical implications that teachers can 

incorporate and adapt into their practices. In conclusion, we revisit the main 

translations of interest and suggest areas for future research. 

Conclusion and implications for future research 

This research aimed to identify the interests that emerged during the continuing 

education of elementary school mathematics teachers in relation to the concepts of 

area and perimeter, considering ANT. According to Latour (2012) and Callon (1986), to 

understand the translation of interests, we must follow the traces left in the interactions 

between humans and non-humans and observe how these connections temporarily 

reconfigure and stabilize knowledge. 

Based on this perspective, we conducted a qualitative analysis of interactions 

among teachers, trainers, teaching materials, mathematical concepts, technologies, 

and physical spaces. The exploratory tasks with investigative potential that were 

presented during the training and designed to problematize the relationship between 

area and perimeter had a mediating function in the networks' dynamics as they 
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influenced actions, negotiations, adaptations, and conceptual changes. Similarity 

analysis was an important tool in this process because it highlighted recurring discursive 

relationships in the articulations between concepts and contributed to identifying shifts 

in interest throughout the training course. 

Four movements stood out. The first was related to incorporating the concept of 

optimization to facilitate teaching area and perimeter, bringing the subject closer to 

real situations and favoring a contextualized, relational approach. In line with Douady 

and Perrin-Glorian's (1989) ideas, the second shift was directed at transforming task 

statements into different registers, such as algebraic expressions and geometric 

sketches. According to the authors, this increases the visibility of the interdependencies 

between area and perimeter. 

The third shift was driven by non-human mediators, such as notebooks, slides, 

and software, which, as Latour (2011) suggests, directly influenced teachers' decisions 

and strategies, contributing to the stabilization of knowledge. The final shift identified 

in this section of the research addresses the fragmented teaching that appears in 

textbooks. Teachers expressed concerns about the disconnect between the school 

approach and local realities, advocating for more meaningful mathematics education 

practices. 

According to ANT, these results reinforce the idea that practices are formed by 

diverse networks where humans and non-humans collaborate in the formation of 

knowledge. Future investigations should analyze how different formative arrangements 

can promote new translations and understand how the re-significations generated in 

these moments are mediated in classrooms and other educational contexts. 

In this sense, we adopt Actor-Network Theory as an analytical approach to 

broaden the understanding of different mathematical concepts and enhance the critical, 

reflective, and transformative nature of practices, especially in different contexts of 

mathematics education. 

Considering area and perimeter as interdependent concepts mediated by multiple 

actants makes it clear that teaching them from an ART perspective involves more than 

simply transmitting formulas. It involves promoting the formation of meanings that 

emerge from the interaction between human and non-human elements. This enables 
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mathematical knowledge to temporarily stabilize in concrete contexts and gain social 

and pedagogical relevance. 
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