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INTRODUCTION 

Didactics of mathematics as a research area 

Mathematics education is a dynamic area of research in Spain. The Spanish Society of 

Research in Mathematics Education (SEIEM) now has around 240 members almost 

covering all Spanish universities. They work in different groups and use a variety of 

approaches to focus on the teaching and learning of mathematics in various contexts 

and at all educational levels, from pre-school to university. The development of this 

research community has taken place during the past 40 years, particularly during the 

last two decades.  

An important date to trace this evolution is the Spanish law “for the university reform” 

of 1982, established during the first years of democracy after Franco’s dictatorship 

(1939-1975). This law led to the recognition of Didáctica de las Matemáticas in 1984 

as one of the “areas of knowledge” that structured university departments, which was 

a key factor in its consolidation as a scientific and academic discipline (Rico et al., 

2002). Moreover, the law consolidated the integration of teacher education into 

universities, which provided institutional support to research in this area. The fact that 

teacher educators became members of university departments encouraged the 

production of doctoral theses and the constitution of research groups. Some educators 

already had a PhD in mathematics and reoriented their research in mathematics 

education. Others started their PhD abroad, mainly in France, but also in Italy, the UK 

or the US. In the late 1980s, PhD programmes in Didactics of Mathematics were 

initiated in the universities of Granada, Valencia and Autonomous of Barcelona, 

followed by other universities some years later. To run the programmes, universities 

established fruitful relationships with recognised international researchers and research 

institutions to offer doctoral courses and guidance with thesis supervision. The PhD 

candidates for these programmes were teacher educators, secondary school teachers, 

some recent graduate students in mathematics, and numerous students from Latin 

America who did not have the opportunity to carry out a PhD in mathematics education 

in their countries. The number of doctoral theses defended is a clear illustration of this 

short and intense evolution (Figure 1).  
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Figure 1: Number of doctoral theses in Didactics of Mathematics defended in Spain. 

(Source: our elaboration from https://dialnet.unirioja.es)  

A terminological discussion about the denomination of the area also took place at that 

time: should it be Didáctica de las Matemáticas or Educación Matemática? The 

influence of the English-speaking communities enhanced the use of the latter, while 

the name traditionally used in teacher education and the continental European 

communities (France, Italy, Germany) pushed to maintain the former. Both expressions 

are used today in a quasi-interchangeable way, even though the Spanish society of 

researchers adopted “mathematics education” in contrast to the official denomination 

of the university knowledge area, which maintains the denomination of “didactics of 

mathematics”. 

The Spanish Society of Research in Mathematics Education 

Born in 1996, the Spanish Society of Research in Mathematics Education (SEIEM, 

www.seiem.es) reached almost 100 members from 31 different universities only one 

year later, and, by 2021, it had more than doubled its membership. Among its 

objectives, it aims at maintaining a space for conceptual and methodological debate 

about research on mathematics education, encouraging the constitution of research 

groups and their collaboration, promoting mathematics education in research 

institutions and educational agencies, helping disseminate research outputs, and 

fostering the cooperation and exchange between research and practice throughout the 

educational system and other societal contexts. The SEIEM integrates ten thematic 

groups on “Learning geometry”, “Teacher knowledge and professional development”, 

“Didactic of statistics, probability and combinatorics”, “Didactic of mathematics as a 

scientific discipline”, “Digital environments”, “Didactics of analysis”, “History of 

mathematics education”, “Early childhood education”, and “Numerical and algebraic 

thinking”. 

During its 26 years of existence, SEIEM has been celebrating an annual symposium in 

different universities the only interruption being in 2020 due to the pandemic 

lockdown. The next one, the 25th symposium, will be held in Santiago de Compostela 

in September 2022. SEIEM symposia always include plenary sessions on specific 

https://dialnet.unirioja.es/
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research topics, the presentation of communications and posters, and time slots devoted 

to the thematic groups with more informal presentations and discussions. Together 

with the sister Portuguese Society, SPIEM, they organise a Summer School to 

contribute to young researchers’ training, strengthen links between expert and junior 

researchers and foster cooperation between researchers from different universities in 

Spain and Portugal.  

Finally, to “contribute to the advancement of knowledge of the processes involved in 

mathematics education and mathematics education research”, the Society created a 

research journal in 2012, Avances de Investigación en Educación Matemática (AIEM, 

www.aiem.es) publishing two issues per year. It accepts papers in Spanish, English, 

Portuguese and French, and appears indexed in SJR and ESCI databases.   

Since 2004, SEIEM is part of the Spanish Committee for Mathematics (CEMat), a re-

structuration and extension of the Spanish IMU Committee, which integrates the 

different societies related to mathematics: the Royal Spanish Society for Mathematics, 

the Catalan Mathematical Society, the Spanish Society for Applied Mathematics, the 

Spanish Federation of Associations of Mathematics Teachers, the Spanish Society of 

History of Science and Technology, and the SEIEM. At the SEIEM’s creation in 1996, 

the mathematician M. de Guzmán, who was the President of the International 

Commission on Mathematical instruction (ICMI) at that time, emphasised the need for 

the Society to channel its activity with a vision of integration. CEMat appears from this 

perspective as the common forum for all societies dealing with mathematics. It enables 

the collaboration between researchers in mathematics, researchers in mathematics 

education, teacher educators and mathematics teachers of all educational levels. The 

time has maybe come to open up to other Spanish educational societies and to establish 

links with other analogous associations in Europe and beyond. 

International collaborations 

As mentioned above, many of the research groups that started developing 

investigations in didactics of mathematics counted on the cooperation of international 

researchers who came to Spain to give research courses and seminars, or to host novice 

researchers in their universities. During this same period, many students from Latin 

America came to Spain for their doctoral studies in the newly created programmes. 

This situation helped maintain international collaborations and affiliations. Therefore, 

it is not unusual to find Spanish researchers in almost all international European and 

Latin American research organisations, and elsewhere in the world.   

Spanish researchers have been involved in the European Society for Research in 

Mathematics Education (ERME) since its constitution in 1998, and regularly 

participate in its congresses (CERMEs). The Spanish contribution to CERMEs is 

notable, considering there has almost always been a Spanish researcher in the IPCs. 

Furthermore, the fourth congress was held in Girona, Spain, in 2005, chaired by M. 

Bosch, many Thematic Working Groups have had Spanish leaders and co-leaders 

http://www.aiem.es/
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(Table 1), and there has been some participation in plenary activities, such as C. 

Batanero’s plenary talk in CERME9. 

 

Adult mathematics education 

Affect and mathematical thinking 

Algebraic thinking 

Applications and modelling 

Different theoretical perspectives in research in mathematics education 

Geometrical thinking 

History in mathematics education 

Mathematical curriculum and practice 

Mathematics and language 

Mathematics education in multicultural settings 

Teacher education 

Stochastic thinking 

University mathematics education 

Table 1. CERME Thematic Working Groups with the participation of Spanish researchers as 

leaders or co-leaders 

Since 2016, ERME has been promoting Topic Conferences (ETCs) organised on 

specific research themes by working groups associated with CERME conferences. 

Spanish contributions have been key in three ETCs. The first one is related to the 

International Conferences on the Anthropological Theory of the Didactic (CITAD), 

which has been held alternatively in Spain and France since 2005. The second ETC in 

which Spanish inputs are worthy of note is the International Network for Didactic 

Research in University Mathematics (INDRUM). Spanish researchers participated in 

its creation in 2015, collaborated in the organisation of the first INDRUM conference 

in 2016, co-chaired the third (2020) and fourth (2022) conferences, and possibly will 

organise the fifth one in 2024. The third ETC with Spanish researchers in its IPC 

corresponds to the ERME group about Language in the Mathematics Classroom, 

whose first conference was held in 2018. 

Outside Europe, the most important Spanish collaborations are with Latin American 

research communities and organisations. Participation in the RELME conferences, 

CIAEM-IACME conferences (Inter-American Conference of Mathematics Education 

affiliated at ICMI) and engagement in the Latin American Committee of Educational 

Mathematics (CLAME) should be stressed. 

Finally, broader conferences and organisations like PME, CIEAEM, or the ICMI itself, 

have always counted on Spanish participants assuming different responsibilities. Many 

are worth mentioning. First, the celebration of ICME8 (1996) in Seville and PME20 in 

Valencia the same year and the participation of M. de Guzmán (1991-2002), 

C. Batanero (2003-2006) and N. Planas (2021-2024) in the ICMI Executive 

Committee. Regarding ICMI thematic studies, C. Batanero, N. Planas and M. Bosch 
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were IPC members of the 18th (2008), 21st (2014) and 24th (2018) ICMI Studies on 

Statistics, on Language Diversity, and on Curriculum Reform respectively. More 

recently, A. Gutiérrez has been designated as co-leader of ICMI Study 16 devoted to 

the learning and teaching of Geometry. Finally, T. Recio (2008-2016) was involved in 

The ICMI Klein Project and M. Bosch in the starting period of the ICMI AMOR 

project.  

Determining the research areas 

So far, we have discussed the emergence and development of research in didactics of 

mathematics in Spain from the perspective of researchers: their training, organisation 

and collaborations inside and outside the country. To present an overview of their 

productions, perspectives and work areas, we searched publications in some of the 

most relevant research journals released during the past 15 years, namely Educational 

Studies in Mathematics, Enseñanza de las Ciencias, International Journal of Science 

and Mathematics Education, and Journal of Mathematics Teacher Education. 

Contributions to past PME proceedings (2010-2021) were also included. This search 

led to identifying 13 work areas that were grouped into four sections, developed 

below.  

The first and longest section presents research focusing on the learning of 

mathematical topics such as calculus, numerical and algebraic thinking, stochastic 

thinking, and geometry. The second section approaches language, discourse, and 

interaction, while the third one is related to teacher knowledge and professional 

development. The last and fourth area includes two theoretical approaches—the ATD 

and the OSA—that bring together researchers working on different problems from a 

common methodological perspective. Unfortunately, some topics remain outside the 

classification, like studies relating history to mathematics education, those 

approaching mathematics for students with special needs, the ones about attitudes and 

beliefs, or more global analyses about curricula and international comparisons. This a 

posteriori classification seeks to account for the diversity—and local coherence—of 

the investigations carried out by a community that integrates more than 200 

researchers working from different theoretical perspectives and using different 

methodologies.    

RESEARCH ON THE LEARNING OF MATHEMATICS 

This section presents the Spanish research on teaching and learning mathematics that 

focuses on students’ learning processes. It is divided into four parts, corresponding to 

the four mathematical areas whose learning processes have been most investigated in 

Spain over the past decades. 

Research on learning calculus 

Since 1997, when the research group for mathematical analysis education (GIDAM) 

of the SEIEM was created (www.seiem.es/grp/gidam.shtml), its members have been 

conducting research on the teaching and learning of calculus, in particular with ICT 

https://www.seiem.es/grp/gidam.shtml
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tools. Said research was carried out in secondary school and the first years of university 

education. Azcárate et al. (2015) present a review of the research produced by the 

various teams integrating the GIDAM. It involved different theoretical and conceptual 

frameworks, like Actions-Processes-Objects-Schemas (APOS), the onto-semiotic 

approach (OSA), and Advanced Mathematical Thinking (AMT), amongst others. The 

present summary provides a detailed review of the research performed by this research 

team. It is organised around the different topics approached: sequences and series, 

functions, limits, continuity, derivatives, integrals, ordinary differential equations 

(ODEs) and modelling. 

Researchers from the University of Valladolid have conducted studies focusing on 

identifying and interpreting students’ strategies to convert representations when 

working with real intervals (Pecharromán et al., 2019). Licera et al. (2019) used the 

framework of the Anthropological Theory of the Didactic (ATD) to study the problem 

of the uncertain status of real numbers in secondary education caused by the absence 

of an explicit approach for measuring magnitudes. Claros et al. (2016) used the 

phenomenology of Freudenthal, representation systems, and AMT to analyse the 

cognitive structure secondary school students develop when studying number 

sequences. Codes et al. (2013) studied university students’ understanding of infinite 

series. As for functions, Ortega and Pecharromán (2010) used an instructional design 

to work on the properties of functions based on graphical representations, while 

Berciano et al. (2015) identified a significant learning improvement when working on 

the interpolation and extrapolation of functions graphically instead of algebraically. 

The research group at the University of Granada has focused on aspects of the meaning 

of the concept of limit, considering its semantic and personal meaning, and as an 

element closely related to understanding. Fernández-Plaza et al. (2016), for instance, 

tried to characterise the meanings manifested at different levels of cognitive 

complexity, which allows integrating meanings expressed in definitions using the 

analysis of arguments. 

Other researchers have stressed the importance of coordination in the processes in 

terms of the APOS theory, used to provide an understanding of limits (Valls et al. 

2011), and have paid close attention to students’ understanding of the derivative of a 

function (García et al., 2011; Orts et al., 2018; Fuentealba et al., 2019). The research 

groups at the universities of Alicante, Autonomous of Barcelona, and Seville analysed 

this topic in great depth, using the APOS theory. They tried to characterise different 

underlying structures of the derivative schema in terms of student ability to explicitly 

transfer the relationship between a function and its first derivative to the derivative 

function and the second derivative. This detailed analysis was performed both in 

secondary education and the first years of university education. Concerning differential 

calculus, Lucas et al. (2017) proposed a broader perspective to connect it with 

algebraic-functional modelling, using the ATD. 
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Ariza et al. (2015) characterised the development of engineering students’ definition 

of the integral schema using fuzzy metrics to establish the level of development on 

intra-, inter- and trans- levels. Other topics that received attention involve the learning 

difficulties associated with integrals. Camacho et al. (2010) conducted a study to 

determine the difficulties students face in understanding the concept of the definite 

integral based on the study of areas of plane figures using symbolic calculus software. 

Boigues et al. (2010) presented an extensive study using fuzzy theory to analyse the 

validity of a scheme for the definite integral. González-Martín (2005) identified an 

epistemological obstacle combining two obstacles originated by the students’ 

conviction that a finite (infinite) 3D figure has a finite (infinite) area or volume when 

learning the generalisation of the concept of integral (improper integral). 

Researchers at the University of La Laguna have studied the derivative and its 

applications but in terms of the functions that are involved in solving ordinary 

differential equations and the modelling phenomena they organise. Camacho et al. 

(2012) studied the conceptual and cognitive processes that arise when introducing 

ODEs via problem-solving in a university freshman chemistry course, and Guerrero-

Ortiz et al. (2016) analysed the difficulties students have interpreting ODE models that 

result when analysing growth phenomena using specific software designed for this 

purpose. From the ATD perspective, Barquero et al. (2019) focused on the modelling 

activity and the proposal of study and research paths considering an entire course of 

mathematics for engineers. 

Research on numerical and algebraic thinking 

In this summary, we address numerical thinking and algebraic thinking together, as 

they have elements and relationships in common. We highlight the main lines in which 

Spanish researchers have participated and which have given rise to relevant results and 

publications. 

One of the research groups of the SEIEM is called Numerical and Algebraic Thinking. 

Its members’ productions can be found in the proceedings of their annual meetings 

since 1997 (https://seiem.es/pub/actas). 

A research group managed for decades by Luis Rico from the University of Granada 

has addressed topics in this research agenda (https://fqm193.ugr.es/). Different 

approaches (e.g. González-Marí et al., 2009) have been used in his publications. 

Enrique Castro led a research line on calculation and estimation (Segovia & Castro, 

2009) and arithmetic problems (Castro & Frías, 2013). Other groups working on 

arithmetic problems are located at the universities of Extremadura (Gil et al., 2006) 

and Valencia (Gómez & Puig, 2014). 

After Castro (1995), a research line emerged focusing on patterns and generalisation. 

It was developed through several research projects until 2013 (Cañadas et al., 2009; 

Molina et al., 2008). Since 2014, there have been three projects on algebraic thinking 

involving children aged 3-12 years (https://pensamientoalgebraico.es/en). These 

https://seiem.es/pub/actas
https://pensamientoalgebraico.es/en
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projects focus on different approaches to algebraic thinking (Ayala-Altamirano & 

Molina, 2020; Pinto et al., 2021; Ramírez et al., 2022; Torres et al., 2021), problem-

posing in algebra (Cañadas et al., 2018; Fernández-Millán & Molina, 2016), and 

secondary school students’ errors and difficulties with algebra (Castro et al., 2022; 

Molina et al., 2017). It is worth mentioning De Castro (2018) and Alsina (2016) with 

regard to patterns and algebraic aspects in early childhood education, involving 

children aged 3-6 years. Other results by these authors can be found on their ORCID 

pages (orcid.org/0000-0002-2246-5402; orcid.org/0000-0001-8506-1838). Moreover, 

at the University of La Laguna, there has been interesting research on students’ errors 

and difficulties in algebra (Socas, 2007), and number sense (Almeida et al., 2014). 

At the University of Valencia, there has been a tradition of research on historical 

studies, analysis of textbooks, and problem-solving, as, for example, Puig (2018) 

(orcid.org/0000-0002-7074-6110), or the books and book chapters by Gómez (e.g., 

Gómez, 2013) (www.uv.es/gomezb/Mispublicacionesdedominio publico.html). 

As part of this Spanish agenda, some groups have focused on the learning processes of 

children with special needs, such as Down syndrome or autism, and the learning of 

arithmetic (Bruno & Noda, 2019; Polo-Blanco et al., 2021). They have also studied the 

learning processes of mathematically gifted students regarding pre-algebra (Gutiérrez 

et al., 2018). More publications about these topics can be found in: orcid.org/ 0000-

0002-0154-8073, orcid.org/0000-0001-6425-6337, orcid.org/0000-0001-7187- 6788. 

Research on students’ stochastic thinking 

Research on students’ stochastic thinking was initiated in Spain in the 1980s at the 

University of Granada by a specific research group. It consists of seventeen 

researchers, and they have been involved in it all this time. They were pioneers in the 

field at a time when stochastics was not taught in primary school. Related research 

focused on the cognitive development of children and the reasoning biases in decision-

making was carried out in the field of psychology. Other researchers became 

progressively involved in stochastic education at the universities of Cádiz, Jaén, La 

Laguna, Lleida, Valencia, and, more recently, Girona, Oviedo, the Basque Country, 

and Zaragoza. These teams have cooperated through the SEIEM and activities related 

to the International Association for Statistical Education, such as the IASE/ICMI Study 

(Batanero et al., 2011), in which an important group of Spanish participants took part. 

Their work on students’ stochastic thinking is based on previous epistemological 

studies (e.g., Batanero, 2000) and textbook studies (e.g., Gea et al., 2015; Lonjedo et 

al., 2015; Serradó et al., 2005). Said studies identified new variables that had not been 

considered in psychological research and are relevant to the students’ learning. For 

example, the results pointed to the multiple meanings of probability, which, until that 

time, had been limited to its traditional meaning in teaching and research, and opened 

up an unexplored research field related to the understanding of the frequentist and 

subjective meanings of probability. They also revealed the existence of semiotic 

conflicts in the interpretation of fundamental stochastic ideas. For instance, both 

https://ubarcelona-my.sharepoint.com/personal/marianna_bosch_ub_edu/Documents/2022/marianna.bosch/AppData/Local/Microsoft/Windows/Library/Containers/com.apple.mail/Data/Library/Mail%20Downloads/72809352-1564-430E-BD74-152A6FBD833C/orcid.org/0000-0002-2246-5402
https://orcid.org/0000-0001-8506-1838
https://orcid.org/0000-0002-7074-6110
http://www.uv.es/gomezb/Mispublicacionesdedominio%20publico.html
https://orcid.org/0000-0002-0154-8073
https://orcid.org/0000-0002-0154-8073
https://orcid.org/0000-0001-6425-6337
https://orcid.org/0000-0001-7187-6788
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textbooks and students mixed up the frequentist and Bayesian meanings of hypothesis 

testing, which is often interpreted deterministically (Batanero, 2000). 

Part of the studies on reasoning and learning focus on university students, including 

several doctoral theses developed by statistics lecturers. This research helped to 

identify the main difficulties and errors related to topics such as association and 

correlation, hypothesis testing, normal distribution, confidence intervals, analysis of 

variance, random variables, and the central limit theorem. Teaching experiments based 

on the use of technology have also been designed and tested. For instance, Batanero et 

al. (1998) described the local, algebraic, unidirectional, and causal conceptions of 

statistical association, and showed the persistence of the latter after instruction. In 

another study, Batanero et al. (2004) reported the evolution of the personal meaning of 

normal distribution a group of students progressively acquired over several weeks of 

work using ICT tools. 

Research on primary and secondary school students has considered the understanding 

of statistical graphs and tables, central position measures, probability, combinatorics, 

and sampling. Cañizares (1997) performed an extensive study with children aged 10-

14 years, identifying the influence of age, combinatorial reasoning, and language 

comprehension in solving probability problems. Regarding combinatorics, the implicit 

combinatorial model was found to be a variable affecting strategies and errors in 

solving combinatorial problems (Batanero et al., 1997). Pallauta et al. (2021) pointed 

out the major difficulties of secondary school students in converting graphs into tables 

and interpreting tables. Batanero et al. (2020) demonstrated that, contrary to what was 

supposed in previous studies, students in compulsory secondary education understood 

the variability of small samples better than that of large samples. More recently, interest 

has grown in describing the emergence of intuitive stochastic ideas in early childhood 

and in offering activities to encourage children’s statistical thinking (Rodríguez-Muñiz 

et al., 2021). One of the conclusions is that the first ideas about chance and probability 

occur much earlier than assumed in previous psychological research (Vásquez & 

Alsina, 2019). 

Stochastics has also been reflected in teacher education research. For example, Alonso-

Castaño et al. (2021) used problem-posing and problem-solving to analyse teachers’ 

probabilistic knowledge; Berciano et al. (2021) connected Science, Technology, 

Engineering, Arts and Mathematics (STEAM) activities and early childhood 

prospective teachers’ stochastic reasoning; González et al. (2011) summarised existing 

research on teachers’ knowledge of statistical graphs, and Martins et al. (2012) and 

Serradó et al. (2006) analysed teachers’ attitudes towards stochastics and its teaching. 

In summary, Spanish research on stochastic thinking has been performed by an 

increasingly cohesive group of researchers for over 40 years across all educational 

levels and subjects. 
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Research on learning geometry 

Research on teaching and learning geometry in Spain started with the study of the Van 

Hiele levels, characterisation of visualisation, and learning of proof. The Van Hiele 

model (Gutiérrez et al., 1991) has been the basis for several studies characterising 

students’ reasoning in plane isometries, similarity, and organisation of 2D and 3D 

geometric objects. Guillén (2004) adapted the Van Hiele model to 3D geometry and 

presented learning activities that highlight the need to extend the characteristics of the 

Van Hiele levels to space geometry. More recent research extended the field of interest 

towards contexts of inclusion and mathematical talent (Aravena et al., 2016). 

The processes students go through to articulate visualisation and geometric reasoning 

have been studied from primary school to university. Learning Trajectories for early 

childhood education on 2D and 3D geometry, patterns, and representations of 

itineraries have recently been studied. Researchers at the University of Alicante used 

configural reasoning to theoretically support that articulation (Clemente et al., 2015; 

Llinares et al., 2014, 2019) and Duval’s theories to analyse grade 3 students’ reasoning 

using polygons (Bernabeu et al., 2021). Both show the importance of visualisation for 

the development of students’ classification and deduction processes in geometry. 

Results showed the influence of the figures provided in the problems and the 

subsequent modifications of those figures by the students for the development of their 

understanding of geometric concepts. This articulation has also been considered by the 

OSA (Godino et al., 2012) to advance in the establishment of skill levels in tasks 

requiring visual reasoning. It shows that there may be different cognitive 

configurations at each level, the levels depending on both conditions of the task and 

the visualisation skills required (Blanco et al., 2019). At the universities of Valencia 

and Granada, Gutiérrez et al. (2018) and Ramírez and Flores (2017) showed that 

visualisation is a cognitive process characterising mathematically gifted students. It is 

advanced for determining categories of the students’ justification and proof abilities. 

Other publications about these topics can be found in: orcid.org/0000-0002-3292-

6639, orcid.org/0000-0001-7187-6788, orcid.org/0000- 0002-8462-5897. 

Technological environments and resources are facilitators for teaching and learning 

geometry. In the past decades, GeoGebra has been identified as a useful tool for 

proving propositions and exploring the understanding of geometric concepts and 

properties, such as properties of triangles, loci, and symmetry. In recent years, the 

development of students’ argumentative skills in a GeoGebraTUTOR intelligent 

tutoring system environment has been explored. Paneque et al. (2017) showed that 

tutor-teacher-student interactions produced learning opportunities, inducing 

conjectures, and promoting the transition from empirical to deductive arguments. 

Automated reasoning tools of GeoGebra have also been explored from an educational 

perspective to contribute to increasing students’ curiosity and critical spirit. Gómez-

Chacón and Kuzniak (2015) studied how GeoGebra can influence students’ geometric 

work. Their results showed a wide diversity of students’ approaches because of 

https://orcid.org/0000-0002-3292-6639
https://orcid.org/0000-0002-3292-6639
http://orcid.org/0000-0001-7187-6788
https://orcid.org/0000-0002-8462-5897
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variations in their interactions both with software and geometry. Other teaching 

experiments have been carried out with robots, 3D printers, and modelling, obtaining 

statistically significant improvements in computational thinking, as shown in Diago et 

al. (2021). The study of shapes in 3D geometry and their relationship with 2D geometry 

has been a major objective at the University of Almería, where the dynamic 3D 

geometry software NeoTrie VR of immersive virtual reality was developed (Rodríguez 

et al., 2021). Their results, together with those of researchers exploring augmented 

reality (Sua et al., 2021), seem to indicate substantial benefits compared to traditional 

methods. 

Some researchers have focused on obstacles and difficulties encountered by students 

in learning geometry. González-Regaña et al. (2021) showed the conflicts pre-service 

teachers experienced in the transition from descriptions to formal definitions of 

polyhedra. Advanced aspects in vector geometry and its connection with algebra have 

been investigated (Borji et al., 2020), and teaching sequences have been proposed for 

the transition from the Euclidean to the Cartesian conceptions of a tangent. They aim 

to promote changes in the register of different coordinate systems and to encourage a 

dynamic and global conception of geometric loci (Gaita & Ortega, 2014). At lower 

educational levels, that connection has been investigated for the generalisation in 

geometric pattern sequences, including some results indicating that the difficulties in 

modifying the different interpretations and the lack of coordination between geometric 

and arithmetical structures could explain the difficulties students have with algebraic 

generalisation (Callejo et al., 2019). 

Spanish researchers have also examined the importance of textbooks as a classroom 

resource, presenting a view of plane and space geometry, paying particular attention to 

compound proportion, lines and notable points of a triangle, and solids of revolution. 

Their results showed that there are few activities in textbooks aimed at explorations 

and formulation of conjectures and relationships. Recent research focuses on children’s 

spatial orientation, measurement and visualisation in the study of areas of plane figures 

in primary school, translations at secondary school, and the transition from natural to 

axiomatic geometries at the university level. They also show that textbooks give 

preference to certain types of visualisations in area problems, thus preventing other 

ways of seeing (Marmolejo & González Astudillo, 2015). 

RESEARCH ON LANGUAGE, DISCOURSE AND INTERACTION 

In this section, we provide a brief overview of three lines of mathematics education 

research with emphasis on the following concepts: 1) language, 2) discourse, and 3) 

interaction. We argue that considered together, these three lines constitute a strong 

empirical context for the mathematics education research developed in Spain during 

the past two decades. This research views educational and professional practices as 

mediated by social aspects of teaching, learning, and thinking. However, they are 

differently rooted in sociolinguistics, cultural studies or psychology in conjunction 

with theories of mathematics education. A primary quality of mathematics education 
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research and practice is thus the social (social mind/ practice/ context/ development/ 

work, in Planas & Valero, 2016), which cannot be dismissed without an important loss 

of meaning and coherence in knowledge construction. Another basic assumption is that 

language, discourse, and interaction are fluid, interrelated concepts. On the one hand, 

language cannot be studied in depth without looking into discourse, and, on the other, 

language itself is a process and product of social interaction. These three lines build up 

a common yet plural research agenda in which contexts of mathematics education are 

represented as linguistic, discursive and interactional social contexts. 

Mathematics and language 

Since the early work on classroom norms and language diversity in Gorgorió and 

Planas (2001), the line of classroom research on language and mathematics has 

documented challenges: for primary and secondary school learners of mathematics 

with migrant backgrounds and home languages other than the language of instruction; 

and for their teachers in trying to understand learners’ thinking processes in the absence 

of full communication. Drawing on the integrated nature of the social, cultural, political 

and linguistic aspects of mathematics teaching and learning, language was initially 

characterised as a social tool in the processes of sharing meanings and values within 

the mathematics classroom. Since then, languages of doing mathematics within the 

classroom and deficit approaches in mathematics education research and practice have 

been questioned in ongoing projects. 

Several empirical studies using bilingual and multilingual school lessons have reported 

how mathematical discourse practices of reasoning and explanation of content meaning 

are hindered by frequent shifts from one language to another to focus on linguistic 

accuracy in the language of instruction (Planas & Setati, 2009). These shifts in 

language are prompted by both teachers in whole-class discussions and peers in small 

group interactions. Findings have shown that access to and development of 

opportunities for mathematical learning in classrooms are mediated by distinct 

valorisations of the languages and mathematical meanings of some groups of students 

and the languages and mathematical meanings represented as appropriate in the school 

culture. Paying attention to lessons and their implications for pedagogies of 

mathematics instruction has motivated moves towards the study of mathematics 

teaching practices and the content of teacher talk in the classroom (Planas et al., 2018). 

A recent study identifies and interprets some of the language-based professional 

challenges of student teachers who are expected to support their pupils in processes of 

mathematics learning by exposing them to the teacher talk for understanding (Caro & 

Planas, 2021). 

The development of this line of research has started to produce findings on teaching 

and learning useful mathematics in developmental work with secondary school 

teachers around mathematical-pedagogical aspects of the languages used when 

teaching content in the classroom. The study of the connection between content talk 

and mathematics teaching in the communication of mathematical meaning at the word 
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and sentence levels, and in the enhancement of mathematical discourse practices have 

hence started to inform mathematics teacher education research and practice. 

Mathematics and discourse 

In this line of research, researchers have adopted the commognitive framework 

developed by Anna Sfard. It considers mathematics as a type of discourse including 

some special characteristics: word use, visual mediators, endorsed narratives, and 

routines. According to this framework, learning means changing one’s discourse to 

become a participant in another discourse (for instance, the discourse of 

mathematicians, or the discourse of mathematics teachers). 

Several studies have employed this framework to better understand how students 

perform mathematical tasks related to the mathematical process of defining. Gavilán 

Izquierdo et al. (2014) studied the changes in students’ mathematical discourse when 

they described and defined mathematical objects (2D figures). They identified several 

types of situations depending on what changed (or did not change) in the students’ 

discourse. Sánchez and García (2014) showed that two types of discourses coexist in 

the colloquial mathematical discourse of pre-service primary teachers when they 

describe and define 2D objects: socio-mathematical discourse and mathematical 

discourse. Those two types of discourses have their own features and norms. Their 

coexistence leads to the appearance of commognitive conflicts, which are encounters 

between participants in the discourse who use mathematical words in different ways. 

The resolution of these conflicts is one of the main sources of learning. 

More recently, there have been studies on how pre-service primary teachers describe 

and define 3D geometric solids. Fernández-León et al. (2021) studied the routines the 

participants performed, which served to shed light on how undergraduate students 

define. They found that some students did not have a clear idea of what a definition is 

and that they sometimes mixed describing and defining. They also reported differences 

between the discourse of students when defining 2D figures described in Gavilán 

Izquierdo et al. (2014) and the discourse of students when defining 3D figures. The 

study of the routines of the students allowed the authors to infer the existence of 

commognitive conflicts between the discourse of pre-service primary teachers and the 

discourse of mathematicians. One of the conflicts was similar to a commognitive 

conflict identified in Sánchez and García (2014) that appeared due to a conflict between 

socio-mathematical and mathematical norms. Since the participants in the studies of 

Fernández-León et al. (2021) and Sánchez and García (2014) were pre-service primary 

teachers, their results may have implications for teaching and learning 3D geometry in 

primary schools. 

Toscano et al. (2019) investigated the discourse of pre-service primary teachers when 

they solved didactic-mathematical tasks instead of mathematical tasks. By didactic-

mathematical tasks, they meant real activities proposed by teacher educators with the 

aim of “bringing future teachers closer to the reality of the professional activities of a 
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primary teacher” (Toscano et al., 2019, p. 3). The authors identified two different 

discourses: one in which pre-service teachers act as students solving a classroom task, 

and another one that resembles the primary teachers’ discourse. This distinction is 

important because, for students to become teachers, they should become participants 

of the community of practice of primary teachers and adopt their distinctive discourse. 

However, Toscano et al. (2019) reported that few pre-service primary teachers showed 

signs of adopting a discourse resembling the discourse of teachers, which “could be 

due to the difficulty that the pre-service teachers have in assuming the role of a teacher, 

despite this being what the tasks demanded” (p. 12). 

Alongside studies focused on pre-service teachers, there have been some analyses of 

the discursive activity of in-service mathematics teachers. Gavilán-Izquierdo and 

Gallego-Sánchez (2021) investigated the discursive activity of an upper secondary 

school teacher when she introduced the derivative. They identified several types of 

visual mediators and routines, which served them to deduce what resources secondary 

school students will have in their transition to university discourse. 

The study of discourse conducted in local research has opened a door to a better 

understanding of what happens in classroom situations of teaching and learning 

mathematics and of mathematics education in university training programmes. 

Mathematics and interaction 

This third line of research recognises that students’ mathematical learning is in part 

developed in the classroom interaction between students and teacher, and amongst 

students in communicative practice throughout involvement in mathematical tasks. 

The social quality of mathematics teaching and learning is thus basically examined 

from the perspective of the interactional processes in the classroom. 

Two main research directions have been developed to study student-teacher and 

student-student interaction. In the case of the interaction between the teacher and the 

students, research has been focused on joint problem-solving in the classroom. An 

analysis system was designed, based on a detailed view of the interaction, which takes 

the cycle as a measure unit, each of which is categorised according to the processes 

promoted and the participation of the students and the teacher. Processes can be 

cognitive depending on the level of reasoning, or metacognitive depending on the 

reflective and regulatory capacity that creates awareness of one’s own cognition. 

Participation of students and teachers is understood as the participation that each of 

them has in the construction of learning and knowledge (Sánchez-Barbero et al., 2019). 

This system of tools allows analysing if a teacher solving problems together with 

students in the mathematics classroom does so in a rather superficial way or in a 

genuine way. A superficial way emphasises the mathematical aspects of the problem 

to obtain the solution without forming a model or considering situational information. 

A genuine way implies a focus on the mathematical aspects of the problem and other 
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aspects such as the intentional, temporal and causal structure of the situation, while 

also making sense of the students’ mathematical reasoning (Rosales et al., 2012). 

Moreover, the analytical system developed allows examining whether the type of 

problem influences the nature of the interaction between students and teachers for its 

resolution or not. Some studies showed there is little reasoning and low participation 

of students when solving routine problems (Rosales et al., 2012). The few studies 

including non-routine problems showed that student reasoning and participation, as 

well as metacognitive processes, increased (Sánchez-Barbero et al., 2019). Possible 

future research directions could aim at analysing further incidental specificities in the 

development of interaction, the nature of the student or teacher’s questions, the forms 

of help, or the cycles started by students. Other research possibilities could be to 

compare the development of the interaction in relation with the knowledge of students, 

across different educational levels and subjects. 

A study carried out using similar analytical methods and theoretical stances was also 

carried out at the university. Here, written productions of pre-service primary school 

teachers about their perceptions of their training process allowed interaction with the 

teacher educator about the development of the subject and the progress in pre-service 

teacher learning (Chamoso et al., 2012). 

Concerning the interaction between students, Juárez Ramírez et al. (2020) analysed the 

influence of virtual forums on the modifications made by engineering students during 

a mathematical modelling project. The results showed that the level of interaction 

depended on how the experience was carried out, and the highest levels of interaction 

corresponded to the greatest improvements in the work of the students. In another 

study, the interaction between pre-service teachers enabled them to improve the 

mathematical tasks they had created (Cáceres et al., 2015). 

All these different analyses and findings regarding interactional processes have 

contributed to a better understanding of how mathematics learning takes place. 

Proposals for learning improvement can thus be adopted through the planning, 

facilitation and enhancement of particular interactional processes in formal settings. 

RESEARCH ON TEACHER KNOWLEDGE AND PROFESSIONAL 

DEVELOPMENT 

In recent years, the interest in research into mathematics teachers’ knowledge and 

professional development has increased in response to a perceived social need to 

improve the quality of teaching. A range of national and international research projects 

have brought researchers together in collaborative networks, such as RED 8 (Network 

8: Mathematics Education and Teacher Training, (web.ua.es/es/red8educacion-mat 

ematica/red-8-educacion-matematica-y-formacion-del-profesorado.html), comprising 

researchers from eight different Spanish universities (Badillo et al., 2019), and RED 

MTSK (the Mathematics Teacher’s Specialised Knowledge Network, 

https://redmtsk.net), which allows researchers from universities in Spain and Latin 

https://web.ua.es/es/red8educacion-matematica/red-8-educacion-matematica-y-formacion-del-profesorado.html
https://web.ua.es/es/red8educacion-matematica/red-8-educacion-matematica-y-formacion-del-profesorado.html
https://redmtsk.net/
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America to cooperate. Broadly speaking, there are two major concerns framing the 

majority of studies in this area: (i) the identification, characterisation, conceptualisation 

and evaluation of the specific knowledge required for teaching, and (ii) the 

characterisation of teacher training programmes and the development of prospective 

teachers’ competencies. 

The range of different research aims requires the selection of specific conceptual 

frameworks within which to interpret results and make appropriate inferences from the 

conclusions, find answers to research questions, and propose new ones. Researchers 

more aligned with the concerns of (i) have tended to ground their work on models such 

as Didactic-Mathematical Knowledge and Competencies (DMKC), based on an onto-

semiotic approach, or on models such as the Mathematics Teachers’ Specialised 

Knowledge (MTSK) model. Researchers more in line with (ii) the activity of teaching 

itself and how appropriate competencies are developed have often based their work on 

the construct of professional noticing (Fernández et al., 2018). Framing one’s work 

within theoretical models is not unique to mathematicians. Research studies are often 

situated within the scope of wider-reaching theories such as instrumental genesis, 

discourse analysis, or the ATD (Barquero et al., 2022). The section below describes 

various developments in research that are currently taking place in Spain and the 

contributions of theoretical frameworks to the advancement of research. 

Research into the characterisation, conceptualisation and evaluation of teacher 

knowledge 

The Mathematics Teaching Research Group (SIDM) at the University of Huelva has 

carried out research aimed at identifying the knowledge brought into play by teachers 

in the course of working through mathematical content in the classroom. The group’s 

research involves the comprehensive analysis of classroom practice in collaborative 

research projects aimed at improving teacher education. The MTSK model (Carrillo et 

al., 2018) provides a holistic approach to the notion of specialised knowledge and 

comprises a system of categories which maximise its analytical potential. 

The MTSK model enables the mathematics teacher’s specialised knowledge to be 

interpreted at any educational level, or about any mathematical content. The group is 

currently carrying out research into the application of MTSK to teacher training (in 

terms of task design), and the work of mathematics teacher educators themselves, 

among other areas. The studies follow an interpretative paradigm and are based on case 

studies and teaching experimentation. Recent work has sought to connect studies and 

teacher knowledge from the perspective of MTSK with other theoretical frameworks 

for mathematics education, such as Mathematical Working Spaces (MWS), 

ethnomathematics, and didactic analysis. 

The research group at the University of Barcelona place their work in the theoretical 

framework of the DMKC model for mathematics teachers. It is based on notions of the 

OSA to cognition and mathematical instruction (Godino et al., 2019). One key notion 
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in this model is didactic suitability (DS), a checklist of six educational facets against 

which the suitability of a teaching procedure can be evaluated (by oneself or by 

someone else) to provide quality instruction and improve future implementations. The 

orientation of the group’s research methodology is primarily qualitative. It is aimed at 

describing the practical argumentation and development of competencies of 

prospective and in-service primary and secondary school teachers, through the design 

and implementation of training cycles called experiments in the development of 

teachers’ competencies and knowledge. 

The GIPEAM research group has developed a line of research focused on 

characterising the mathematical and pedagogical knowledge shown by prospective 

primary teachers and in-service secondary teachers in training sessions by means of 

reflection in, for and about video excerpts of classroom practice. These qualitative 

studies are grounded in professional noticing and MTSK (de Gamboa et al., 2021). 

Another line of research considers the role of knowledge in posing and solving 

problems in teacher education courses (Perdomo-Díaz et al., 2019; Piñeiro et al., 2021). 

This focus is currently being widened and applied to contexts of modelling and the 

integration of technology (Hernández et al., 2020). 

Research has also been carried out on the affective dimension of prospective and in-

service teachers concerning mathematics and its teaching and learning (Fernández-

Cezar et al., 2020). Likewise, the relationship between mathematical and pedagogical 

knowledge and the affective domain has been studied to promote inclusive practices 

(Blanco et al., 2021). 

Research linked to the analysis of classroom practice, the acquisition of teaching 

competency and professional development 

Over the past few years, the GIDIMAT-UA group has developed training strategies for 

promoting professional noticing in mathematics teaching-learning contexts for primary 

and secondary teacher education programmes (Fernández et al., 2018; Fernández & 

Choy, 2020; Llinares, 2019). Some studies centre on defining learning trajectories as a 

means of developing prospective teachers’ professional noticing of students’ 

mathematical thinking (Ivars et al., 2020; Moreno et al., 2021; Sánchez-Matamoros et 

al., 2019). The methodological approach used in these studies is that of research cycles, 

in which learning environments are designed to integrate teaching records (diary-type 

notes, short video recordings, etc.), theoretical inputs taken from the research literature, 

selected to support the reasoning of the prospective teachers, for example, learning 

trajectories of specific concepts (Ivars et al., 2020), and guiding questions, to develop 

prospective teachers’ professional noticing. The learning environments are considered 

as spaces for promoting teachers’ reflection and broadening their understanding of their 

practice. The conceptual tools are theoretical knowledge. Some results have 

demonstrated that limited knowledge of mathematical content is likely to handicap the 

development of teaching competencies concerning organising mathematical content 
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for teaching, and the interpretation of how students learn mathematics (Buforn et al., 

2022). The use of teaching records allows prospective teachers to familiarise 

themselves with situations approximating classroom reality, and to develop the 

teaching competency of professional noticing, while also generating a professional 

discourse to describe classroom situations. 

The theoretical models underlying the research into the affective domain in teacher 

education include both professional noticing and MTSK, models concerned with 

diversity training, and models seeking to develop functional thinking as a route into 

early algebraic reasoning (Oliveira et al., 2021). For those models based on MTSK, the 

studies aim to establish indicators for the knowledge implemented in teaching and 

learning mathematics with students that have special educational needs. 

The use of technological tools (BlocksCAD) in teacher training has also been studied, 

and training strategies have been used following the Study and Research Path (SRP) 

model within the framework of the ATD (Florensa et al., 2021). 

Another area which has recently made strides is research into teacher education 

through the development and implementation of STEAM activities. It seeks to analyse 

the practice of teachers using a methodology based on projects combining mathematics 

with other disciplines (Diego-Mantecón et al., 2021). The findings indicate a positive 

progression among teachers towards implementing integrated approaches. 

End note 

Collaboration through networks and research teams affects the results of the two main 

lines of research considered here. It combines the comprehensive analysis of the 

knowledge evidenced in in-service teachers’ practice with the design of (pre-service or 

in-service) training tasks. In both cases—the analysis of classroom practice and task 

design—the researchers draw on theoretical models that interact with one another. 

Both domains follow a predominantly qualitative research paradigm in the form of case 

studies and teaching experiments. One implication of these studies is to transfer results 

to the design and evaluation of the effectiveness of teacher education programmes. 

DEVELOPMENT AND ARTICULATION OF MATHEMATICS 

EDUCATION THEORIES IN SPAIN 

In this paper, we synthesise the evolution of two research approaches in didactics of 

mathematics in Spain. They emerged intending to contribute to the development of 

didactics in the direction proposed by Guy Brousseau in the 1980s with the founding 

principles of the Theory of Didactic Situations in Mathematics (TDSM). They aspire 

to build a didactic science to deepen the study and understanding of didactic 

phenomena, i.e., those phenomena related to the production and dissemination of 

mathematical knowledge, and whose essential principle is the problematisation of 

mathematical knowledge. It abandons the assumption that didactics is exclusively 

concerned with the selection, sequence, and distribution over time of “given” 

mathematical content. It now postulates that the primary object of study is the 
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mathematical activity itself. An epistemological approach is thus constituted, 

broadening the object of study of didactics, and hence extending the pedagogical-

cognitive approach. The “Brousseaunian revolution” (Gascón, 2013) can be considered 

the raison d'être of the DMSC group (Didactics of Mathematics as a Scientific 

Discipline), set up in the SEIEM in 1998. It derives from the regular seminars organised 

since 1991 within the Inter-University Research Seminar. 

Within the DMSC group, the Onto-Semiotic Approach to Mathematical Knowledge 

and Instruction subgroup emerged (Godino & Batanero, 1994; Godino et al., 2007, 

2019), initially promoted by the FQM126 Group at the University of Granada. In 

parallel, the ATD (Chevallard, 1992, 2015) appeared, from the research group led by 

Josep Gascón at the Autonomous University of Barcelona, and Marianna Bosch at the 

University of Barcelona (BAHUJAMA Group). 

This paper aims to present the most salient characteristics of the research developed in 

both theoretical approaches and their developments in recent decades. Their dialogue 

is still alive today, beyond their origins and the internal evolution in the DMDC group, 

as shown by the works published in For the Learning of Mathematics (Gascón & 

Nicolás, 2017; Godino et al., 2019) or in the course about dialogue between theories in 

the Intensive Research Programme on the ATD held at the Centre of Mathematical 

Research (Barcelona) in 2019. 

Emergence and development of the OSA 

Faced with the diverse theories in mathematics education, each addressing partial 

questions about teaching and learning, using different languages and theoretical tools, 

the Onto-semiotic Approach (OSA) aims to construct a theoretical system that allows 

addressing the epistemological, ontological, semiotic, cognitive and instructional 

dimensions involved in mathematics education in a unified manner. 

Thus, in the OSA seminal article (Godino et al., 1994), an explanation of the meaning 

of mathematical objects and its relationship with other notions, such as concept, 

conception, representation, schema or understanding, is provided. An anthropological 

and pragmatist view of mathematics is assumed (Font et al., 2013).  Therefore, the 

activity of people when solving problems is considered the central element in the 

generation of mathematical knowledge, as well as in its teaching and learning. It is 

further assumed that mathematics is not only a human activity but also an organised 

system of culturally shared objects. This is the reason why we need to analyse the 

various objects and processes emerging from the types of practices, as well as their 

structure. It is necessary to deepen our understanding of the problems of learning and 

teaching. Consequently, it was natural to develop an ontology and semiotics for the 

description of mathematical activity, as well as the processes of communication and 

production inherent to this activity. The pragmatist theory of the meanings of 

mathematical objects, as well as the typology of objects and processes developed, have 
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served as the basis for the elaboration of a theory of mathematical instruction that 

considers the triple dialectic between content, teacher and students. 

In addition, a theoretical DMKC model has been developed within the OSA (Breda et 

al., 2017). The global competency of analysis and didactic intervention of the 

mathematics teacher is believed to consist of five sub-competencies, which are 

associated with five conceptual and methodological OSA tools: analysis of global 

meanings (based on the identification of problem-situations and operative, discursive 

and normative practices involved in their resolution);, onto-semiotic analysis of 

practices (identification of the network of objects and processes involved in the 

practices);, management of didactic configurations and trajectories (identification of 

the sequence of interaction patterns between teacher, student, content, and resources);, 

normative analysis (recognition of the web of norms and meta-norms that condition 

and support the instructional process);, and analysis of didactical suitability 

(assessment of the instructional process and identification of potential improvements). 

The problem of articulating theoretical frameworks is one of the central problems that 

gave rise to the OSA: the attempt to understand, compare, coordinate, and integrate 

theories used in mathematics didactics, such as the Theory of Didactic Situations 

(TDS) in mathematics (Brousseau), the Theory of Conceptual Fields (TCF) 

(Vergnaud), the Theory of Didactic Transposition (TDT) (Chevallard), the Theory of 

Semiotic Representation Registers (TRSR) (Duval), amongst others. Several articles 

in which these articulations are addressed (Godino et al., 2006), as well as a large 

number of articles with applications of OSA tools to various mathematical contents, 

have been published. These publications show the impact and dissemination of the 

OSA in different parts of the world. They are available at 

http://enfoqueontosemiotico.ugr.es. 

Emergence and development of the ATD 

The Anthropological Theory of the Didactic (ATD) originated as a research 

programme in the 1980s with the developments of the theory of didactic transposition 

and has evolved over the past 30 years (Bosch & Gascón, 2006). Today, approximately 

one hundred researchers collaborate in the development of the ATD, mostly in Europe, 

Latin America, Canada, and Japan. It is worth highlighting that the international 

congress of the ATD (CITAD), held since 2005, facilitates the discussion of the 

research advances. The dialogue between theories, curriculum issues and teacher 

education are recurrent discussion topics. 

Since its beginnings, the ATD has adopted a broad institutional perspective. Creating, 

teaching, learning, and disseminating mathematics are human activities that take place 

in different institutional settings and through complex transposition processes. A 

general model of human activity is proposed using the key notion of praxeology 

(Chevallard, 1992). It constitutes the minimal unit of analysis of human activities and 

the knowledge used and generated. In the same direction as the TDS, when addressing 

http://enfoqueontosemiotico.ugr.es/
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a didactic problem related to certain knowledge (numeracy, algebra, negative numbers, 

calculus, among others), a fundamental step is to question the dominant 

epistemological models in the institutions involved, which provide a particular vision 

of the knowledge at stake. For this purpose, all the steps in the didactic transposition 

process are considered, and the so-called reference epistemological models (REMs) 

(Bosch & Gascón, 2006) are proposed as key methodological tools for providing 

didactics with an emancipatory point of view. 

Closely linked to the previous developments, more recent work focuses on the 

transition between pedagogical paradigms. Chevallard (2015) characterises the current 

situation considering the dominant paradigm of “visiting works”, in contrast with a 

broader paradigm of “questioning the world” in which enquiring into problematic 

questions plays a crucial role. To investigate the conditions that allow the advancement 

from one paradigm to the other, some reference didactic models have been developed 

through the proposal of study and research paths (SRPs) (Bosch, 2018). Several SRPs 

have been designed and implemented at different educational levels, as well as in 

teacher education, identifying new needs in teaching devices and epistemological 

infrastructures (Barquero et al., 2021; Ruiz-Olarría et al., 2019; Sierra et al., 2012). 

The ecological approach is a central research methodology in the ATD. It focuses on 

examining the conditions that encourage certain school activities to exist and grow, 

and the constraints that hinder them from existing and growing in certain institutional 

settings. In this ecological analysis, it is crucial to locate at which (mathematical, 

didactic, pedagogical, school, social) levels these conditions and constraints appear. 

The main aim is to study the range of possibilities offered by educational institutions 

and to anticipate difficulties when changes are introduced. Previous research (Barquero 

et al., 2019) has highlighted the usefulness of combining epistemological and 

ecological dimensions to compare different theoretical approaches, and to understand 

their impact on the formulation of research problems and the delimitation of the 

corresponding unit of analysis. 

DISCUSSION 

In 2008, S. Llinares, one of the former SEIEM presidents, explored what he called the 

“agendas of research in Mathematics Education in Spain” and found “a variety of 

perspectives and theoretical approaches used by researchers to try to answer the wide 

range of questions raised” (Llinares, 2008, p. 25). He also pointed out the need for 

strong theories from the point of view of their ability to explain the phenomena under 

study, putting the spotlight on the impact of research on the educational system and 

marking it as a task to be carried out. 

Almost 15 years later, the variety of research questions and approaches remains, with 

the logical evolution that permeates any scientific field, partially as a consequence of 

the new social demands. Despite several local initiatives carried out by the SEIEM and 

the CEMat, the issue of the impact of research is still a pending task. Mathematics 
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education in Spain has acquired a level of maturity, productivity and visibility that puts 

it on a par with neighbouring countries. However, the SEIEM status and the kind of 

influence it can provide to current teaching practice and institutions are sources of open 

questions that demand a lot of effort from the entire community, and certainly the 

development of new methods and theoretical perspectives. 
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