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Abstract
Research in Latin America has made significant advances in multilingual approaches to mathematics education, yet this work
remains underrepresented in researcher education. To address this gap, we explored how Master’s courses enable student-
researchers to design Multilingual Instructional Resources for mathematics teaching in indigenous schools. Using an intrinsic
case study, we examined a three-course sequence in a research-based Master’s program in Mexico, developed in the Ques-
tioning the World Paradigm. Across the sequence, each course established, and progressively enriched, didactic milieus by
integrating three essential dimensions: mathematical, cultural, and linguistic. Through a media-milieu study dialectic we an-
alyze how media like academic papers and educational resources focused on indigenous education shaped –and were shaped
by– the evolving milieus to support the design, implementation, and evaluation of bilingual (Otomi-Spanish) instructional
resources. Two resources created by a student-researcher, Atl, are presented. Implemented in Otomi classes, they engaged
pupils in a new teaching approach framed by two fundamental mathematical activities: counting, through explorations of
Otomi numbers and their arithmetic composition; and designing, through a spatial structuring task related to manufactur-
ing objects. Cultural dimensions are promoted through co-design with indigenous teachers to explore Otomi mathematical
meanings, while linguistic dimensions are established through the explicit use of different languages. Findings highlight how
Master’s level researcher education can cultivate inquiry, co-design, and bilingual implementation practices to contribute to
revitalizing indigenous languages through mathematics education.

Keywords Multilingual Mathematics Education · Researcher education · Questioning the World Paradigm · Multilingual
Instructional Resource(s) (MIR)

1 Introduction

Indigenous peoples make up 9.8% of Latin America’s pop-
ulation (CONEVAL, 2022) with 80% concentrated in Mex-
ico, Chile, Colombia, Guatemala, and Peru. Mexico, a mul-
tilingual, multicultural country, recognizes Spanish and 68

indigenous languages. Among the most widely spoken we
find Nahuatl, Maya, Tseltal, Mixteco, Tsotsil, Zapoteco, and
Otomi. These languages are central to cultural identity and
community cohesion but are increasingly endangered. Al-
though Mexico established an indigenous education system
in 1921, instructional materials for teaching mathematics in
these languages remain largely absent. Consequently, most
bilingual teachers rely on Spanish for mathematics instruc-
tion, often marginalizing students’ linguistic and cultural
resources. This issue has been documented in studies like
Avila (2014), Cortina (2013), and Cortina and Rojas (2016),
which highlight the potential of Multilingual and Multi-
cultural Approaches to Mathematics Education. However,
these forms are rarely incorporated into Master’s level re-
search education programs. This study, then, explores how
researcher education in a Master’s program can become a
space for developing pedagogical strategies that engage lan-
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guage and culture in mathematics education. We argue that
such programs offer an opportunity to rethink classroom
practice in ways that draw on students’ everyday experi-
ences to promote linguistic awareness and cultural knowl-
edge.

We model and analyze the design and implementation
of three Master’s courses that prepare future researchers to
create instructional mathematics resources that integrate in-
digenous languages. After presenting the literature review,
theoretical framework, research question, and methodology,
we examine how these courses enabled students to design
and test resources in an indigenous primary school. To il-
lustrate the process, we focus on two examples created by a
student-researcher named Atl. One involves the Otomi num-
ber system, the other focuses on Otomi geometrical design.
The paper concludes with a discussion of key insights and
implications for further research and researcher education.

2 Literature review

This section examines the literature that frames our research
problem, focusing on three intersecting domains: cultural di-
versity in mathematics education, language awareness and
pluralistic approaches, and plurilingual competence and in-
tercultural education.

2.1 Diversity in mathematics education

In an increasingly multilingual, multicultural world, re-
search has demonstrated that diversity offers significant op-
portunities to enrich the teaching and learning of mathe-
matics across levels (Halai & Clarkson, 2016). Following
Barwell et al. (2016), we identify three key dimensions of
diversity in mathematics education: indigenous mathemati-
cal knowledge, culture and ethnomathematics, and language
and multilingualism. The first has been explored through
analyses of mathematical practices and number systems
rooted in indigenous cultures (Balderas, 2023; Barquera,
2003; Bishop, 1988; Gilsdorf, 2009). Avila (2014), how-
ever, holds that much of this knowledge remains unstudied
and unsystematized. The second, defined by D’Ambrosio
(1985) and developed by Rosa et al. (2017), refers to the
diverse ways in which cultural groups understand, use, and
express mathematical ideas. Barton (1996, p. 214) stresses
that such knowledge exists independently of whether a cul-
ture formally defines it as “mathematics”. The third dimen-
sion has long been of interest in mathematics education
(Adler, 2002). More recently, language diversity has been
promoted as both a pedagogical resource and a medium
for constructing mathematical meaning (e.g., Barwell et al.,
2016; Cortina, 2013; Erath et al., 2021; Hunter & Hunter,
2024). In bilingual and multilingual classrooms, language

is not merely a tool for communication but also a central
element in meaning-making (Barwell, 2018; Planas, 2018).
This perspective has expanded to include the cultural and
linguistic contexts of students’ homes and communities by
recognizing them as valuable resources for mathematical
learning (Trouche et al., 2023).

Despite growing interest in multilingual and multicul-
tural mathematics education, relatively few studies have ex-
plored how these dimensions can be systematically inte-
grated into research education programs, especially consid-
ering indigenous contexts. The present study seeks to ad-
dress this gap.

2.2 Language awareness and pluralistic approaches

Our work also draws on broader language-education frame-
works, particularly those that emphasize language aware-
ness and pluralistic approaches. Language awareness, as ar-
ticulated by Hélot (2008, p. 1), aims “to support multilin-
gualism at both institutional and individual levels by ed-
ucating all pupils together (monolinguals and bi/multilin-
guals) to respect linguistic and cultural diversity.” This in-
cludes recognizing all the languages present in a classroom,
even ones that are not taught formally. Closely tied to mul-
tilingualism, Pluralistic Approaches to Languages and Cul-
tures (Candelier et al., 2012) encourage teaching and learn-
ing activities that integrate several languages or cultures.
Two approaches are especially relevant: awakening to lan-
guage by engaging students with the wide variety of lan-
guages spoken at home, in the community, or globally, re-
gardless of whether they are part of the school curriculum
(Poisard et al., 2018), and integrated didactic approach to
create links among the languages taught in school and sup-
port mutual reinforcement and deeper understanding. These
approaches are compelling for the revitalization of local
minority languages, whether understood as indigenous, re-
gional, or stigmatized varieties of dominant or immigrant
languages (Blanchet & Kervran, 2016).

These perspectives provide a foundation for framing the
revitalization of indigenous languages, not as isolated ini-
tiatives but as parts of a broader orientation toward multi-
lingual and multicultural mathematics education. This ori-
entation resonates with cultural diversity (de Abreu, 2014)
and the participation of indigenous students in mathematics
education (Meaney & Trinick, 2020).

2.3 Plurilingual competence and intercultural
education

Our study also engages with plurilingual and pluricultural
competence (Coste et al., 1997/2009); that is, the ability
to mobilize multiple languages and cultures as a single,
composite resource, rather than as separate proficiencies.
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This notion differs from multilingualism and multicultur-
alism, which tend to consider languages and cultures sep-
arately. Plurilingual and pluricultural competence, in con-
trast, emphasize their interconnections and the fluid ways in
which learners draw on their full repertoires in communi-
cating learning. In this framework, multilingual classrooms
can evolve into formative spaces when languages are explic-
itly compared, connected, and mutually reinforced to move
beyond the simple juxtaposition of several monolingual sys-
tems. This vision aligns with intercultural education models
in Latin America (Parra et al., 2016) that place endangered
and underrepresented languages, including indigenous lan-
guages in Mexico, regional languages in France, and immi-
grant languages, at the center of equity-oriented educational
projects (Gates, 2020).

In mathematics education, these perspectives strengthen
approaches that recognize students’ linguistic repertoires
and cultural practices as valuable resources for participation
and meaning-making (Halai & Clarkson, 2016; Rosa et al.,
2017; Hunter & Hunter, 2024). By linking plurilingual com-
petence and intercultural education with mathematics edu-
cation, our work highlights how researcher education can
prepare future scholars to design Multilingual Instructional
Resources that foster mathematical learning and contribute
to the revitalization of indigenous languages.

3 Theoretical framework

The study is grounded in the Anthropological Theory of the
Didactic (Chevallard, 1999, 2015), with specific emphasis
on the concept of institution and the Questioning the World
Paradigm.

3.1 The concept of institution: an example between
primary school and university

According to this theory, human activities occur within
the framework of institutions, understood as stable social
structures that provide material and intellectual resources
for performing specific activities (e.g., teaching, medical
care). Each institution (e.g., a school or hospital) establishes
its own conditions, constraints, and norms that determine
which practices are possible and permissible. As individ-
uals carry out these activities and internalize these norms
they become members of the institution, adopt specific roles
(e.g., teacher, doctor), and participate in its shared culture.
In this way, knowledge and practices are shaped by institu-
tional rationales. A specific institution shares the same body
of knowledge with all its members. We chose to focus on the
teaching of geometry, acknowledging that the shared knowl-
edge about how to prove that a figure is a square depends
on the institution involved. In primary school, pupils might

validate a figure as a square by measuring its sides with
a ruler or overlapping it on another. Students in secondary
school, however, are expected to rely on geometric proper-
ties for validation, while at university formal demonstration
becomes the primary means of validation. These differences
reflect institutional norms determined by educational levels
with distinct epistemological expectations at each stage.

Aligned with the multilingual mathematics education ap-
proach and “the inseparability of identity, language, and cul-
ture” (Parra et al., 2016, p. 76), schools or teaching institu-
tions that operate in more than one language are recognized
as “multicultural”. Teaching mathematics there and promot-
ing multiculturalism through language awareness require a
tailored didactics approach, such as awakening to language
and integrated didactic approach, which entail using two or
more languages during instruction. It also acknowledges that
designing mathematical objects in different languages in-
herently imbues them with cultural significance. Thus, this
approach not only supports mathematical activity but also
fosters the development of students’ identities and cultural
awareness. One key component is the use of Multilingual In-
structional Resources (MIR); that is, materials that integrate
two or more languages to study a mathematical subject and
help develop plurilingual and pluricultural competence.

Regarding this framework, we involved two teaching in-
stitutions in our study: a Master’s degree program and a
bilingual primary school. The main members at the uni-
versity are student-researchers and researchers, while at the
primary school they are pupils and indigenous teachers. A
key distinction is that each institution (university, primary
school) operates within a distinct pedagogical model and
knowledge framework.

3.2 The Questioning the World Paradigm and the
media-milieu dialectic

The Questioning the World Paradigm is an inquiry-based
approach that emphasizes generating meaningful questions
regarding predefined content. One goal is to transform the
classroom into a kind of research laboratory where students
and teachers collaboratively construct and validate mean-
ingful responses to a guiding question (denoted as Q). This
process involves engaging with various resources, including
questions derived from Q, existing knowledge (answers),
information sources (media), data, and theoretical, discur-
sive, and methodological tools. Collectively, this set is re-
ferred to as a didactic milieu (Bosch et al., 2020). Milieu
a concept introduced by Brousseau (1997) and adapted in
this framework to encompass all elements involved in the
inquiry (Kidron et al., 2014; Barquero et al., 2022). The pro-
cess can be described partially by showing the interaction
among these elements using dialectical relations, such as the
media-milieu dialectic (Bosch et al., 2020). It illustrates how
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answers (e.g., pieces of knowledge) found in various media
(academic papers, websites, indigenous teachers) are ana-
lyzed and reconstructed to develop a synthesized response,
which is then integrated into the didactic milieu.

This paradigm is particularly well-suited to research-
oriented education, as it supports teaching research by en-
gaging students in the practice of actually conducting re-
search. For this reason, it was adopted as the guiding frame-
work for the design and analysis of three Master’s courses
in multilingual mathematics education. Our study commu-
nity comprises student-researchers, researcher-teachers, and
the guiding question; in this case, a multilingual question
in mathematics education. The research question is: how do
the three Master’s courses enable student-researchers to de-
sign MIR for teaching mathematics in indigenous schools?
To address it, each course was structured around a specific
guiding question in order to progressively introduce the stu-
dents to the principles of multilingual mathematics educa-
tion and the design of MIR. The initial didactic milieu within
each course included specific teaching activities, research
tools, and media, such as academic papers and educational
resources focused on indigenous education.

Following Barquero and Romo-Vázquez (2022), the in-
quiry emerged from examining multiple dimensions of re-
searcher education, which can be categorized as follows:

– Epistemological: examining how the languages used to
define mathematical knowledge give it a cultural mean-
ing;

– Economic: analyzing how languages are used to study
mathematical concepts in indigenous primary schools;
and

– Ecological: considering the conditions and constraints in-
evitably involved in implementing MIR in indigenous
schools.

4 Methodology

4.1 Research design and data sources

To address our research question, we conducted a qualitative
analysis based on an intrinsic case study approach (Stake,
1995) that focused on the unique structure and aims of a
researcher education program that comprises a three-course
sequence embedded in a research-based Master’s program in
Mexico. The three courses were explicitly designed and im-
plemented by researchers as part of this study. The main ob-
jective was to engage student-researchers in designing and
implementing MIR for an indigenous primary school, in col-
laboration with bilingual indigenous teachers.

The research design draws on the Questioning the World
Paradigm, particularly the media-milieu dialectic. We ex-
amine three main elements: how the initial didactic mi-
lieus developed in each course supported MIR design; how

these milieus evolved through contributions by the student-
researchers; and the objectives that these transformations
served. To illustrate these dynamics, we selected exam-
ples of MIR that demonstrate integration of plurilingual and
pluricultural competences in relation to two mathematical
activities –counting and designing (Bishop, 1988) and traced
the developmental trajectory of the designs based on docu-
mentation from students’ reports and classroom activities.

We highlight the work of one student-researcher, Atl, as
an illustrative case, selected through a convenience sample
(Cohen et al., 2009) due to the richness of her designs. We
adopted two complementary triangulation strategies to en-
hance the trustworthiness of the findings: methodological
triangulation and investigator triangulation (Cohen et al.,
2009). The former drew on multiple primary data sources:
written documents from the Master’s courses (syllabi, stu-
dent tasks, interim and final reports), participants’ observa-
tions in both institutions, and field notes produced by the
research team. Semi-structured interviews were conducted
to further enrich and validate the primary data. Investigator
triangulation involved several researchers in three processes:
observation, data interpretation, and discussion of findings.
Initially, each course leader analyzed her own course inde-
pendently, focusing on its design and the associated student
outcomes (e.g., activities, interim reports, final MIR). Sub-
sequently, the team engaged in collaborative discussions to
identify points of convergence and divergence, and to reach
consensus on the key features of each course. This process
allowed us to select the illustrative MIR examples for in-
depth analysis to ensure coherence in the interpretation of
findings.

We followed a direct interpretation of the data strategy
(Stake, 1995) to understand how the student-researchers
progressively transformed their MIR designs. The analyti-
cal categories were derived deductively from the theoretical
framework and refined through inductive analyses of their
reports. Each MIR was analyzed collaboratively by at least
two researchers, who discussed interpretations and cross-
validated findings in weekly meetings. Divergences were re-
solved through negotiated consensus.

Three interconnected analytical levels guided our analy-
sis. First, we identified the theoretical, methodological, and
cultural resources drawn from the Master’s course from the
initial didactic milieu present in each MIR. Second, we ex-
amined how the design evolved across successive versions
of the MIR, highlighting the integration of new insights,
contextual knowledge, and collaborative experiences. Third,
we analyzed how each MIR fostered plurilingual and pluri-
cultural competence through its internal structure, specifi-
cally within the three core didactic phases of the activity:
launch, development, and closure. At this level, special at-
tention was paid to how each phase encouraged pupils to en-
gage with multiple languages, reflect on linguistic and cul-
tural diversity, and draw connections between mathematical
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Table 1 Presentation of the
three Master’s courses Course Course 1 Course 2 Course 3

Participants Student-researchers

Subject Introduction to Multilingual
Mathematics Education:
literature review, theoretical
concepts, and methodology
for collecting data. Solving
worksheets on Multilingual
Mathematics Education.

Design of bilingual resources for teaching
mathematics Classroom implementation Data
collection Analysis of data and results

Sessions
16 sessions (48 hours)

/ Includes school visits and discussions with
indigenous teachers

MIR created Review and working on
samples of MIR

Six MIR focused on the
Otomi number system

Seven MIR that address
spatial structuring

activities (e.g., counting and designing) and local cultural
practices. This multilevel analysis enabled us to assess each
MIR not only as a pedagogical tool but also as a means to
support the revitalization of indigenous languages and foster
multilingual awareness in mathematics education.

4.2 Participants: members of the two institutions

The Master’s program involved three course instructors and
six student-researchers (five women, one man) who com-
pleted the three-course sequence. Their professional back-
grounds were diverse: one had taught at the kindergarten
level, four in secondary school, and one at university. Sev-
eral had indigenous ancestry. Atl, for instance, shared that
her grandparents were Mayan and spoke Ta Yool Mam, a
language they chose not to transmit due to fears of dis-
crimination. Three women researchers served as course in-
structors: a French specialist in MIR design (first course,
Poisard et al., 2014; Poisard, 2022), a Mexican with ex-
pertise in indigenous education (all three courses), and
a Colombian-Mexican expert in indigenous teacher edu-
cation and geometry (third course). During field visits,
14 teachers at an indigenous primary school collaborated
with the student-researchers. Eleven were Otomi speakers,
representing two dialectal varieties (Valle del Mezquital,
Sierra de Santa Ana), one spoke Nahuatl, and two were
Spanish monolinguals with basic knowledge of Otomi. The
school, located in Hidalgo, the state with the largest Otomi-
speaking population in Mexico, serves around 400 students
from seven nearby communities. While the pupils primar-
ily speak Spanish, many come from Otomi-speaking house-
holds. Teachers are responsible for offering a mandatory
weekly, one-hour Otomi class, typically organized around
an annual theme (e.g., animals, numbers, plants), accom-
panied by self-made cardboard books used as instructional
materials. Although mathematics topics are not currently in-
cluded in these Otomi-language sessions, teachers expressed

strong interest in incorporating them, provided that appro-
priate and culturally-relevant materials became available.

4.3 Our choices in designing the Master’s courses

The Department of Mathematics Education of CINVESTAV,
Mexico, offers a two-year M.Sc. degree with specialization
in mathematics education that prepares students to become
researchers and continue toward a Ph.D. program. This pa-
per focuses on students enrolled in the first three semesters
(September 2022-February 2024; Table 1).

Course 1 introduced key theoretical and methodological
concepts related to multilingual mathematics education. Its
initial didactic milieu centered on four foundational papers
(Barton et al., 1998; Cortina, 2013; Cortina & Rojas, 2016;
Planas et al., 2018), presentations by invited researchers, and
samples of MIR. Students engaged with these media through
readings, oral presentations, critical reflection, and writing
syntheses. The articles covered diverse contexts, from Māori
Mathematics Education to the development of oral number
systems in Tu’un savi (Mixtec) (Cortina & Rojas, 2016), and
an overview of multilingual education research (Planas et
al., 2018). The resulting discussions allowed students to ex-
amine how mathematical concepts are embedded in cultural
and linguistic systems, and to reflect on the epistemological
implications of designing MIR. In workshop-style sessions
they analyzed the structure of oral number systems in Span-
ish, followed by exposure to Breton, French, Māori, and
English systems (Poisard et al., 2018), as part of an awak-
ening to language approach. Exploring how base-20 struc-
tures in indigenous and Celtic languages contrast with base-
10 in Spanish raised awareness of how mathematical mean-
ings are shaped by language (Table 2). These tasks explicitly
fostered plurilingual/pluricultural competence by encourag-
ing comparisons across linguistic systems. Students also at-
tended two talks: one on revitalization of Zapotec through
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Table 2 Analysis of the Tu’un savi oral number system

Table 3 Analysis of the Otomi oral number system

Otto-Manguean linguistics (Vázquez-Martínez, 2024), the
other on awakening to language and the development of
number sense (Poisard et al., 2022). Those events empha-
sized how linguistic diversity and cultural context can serve
as didactic resources in mathematics education.

Course 2 focused on the design methodology of MIR,
applying the design-based research methodology used in in-
digenous education (Cortina, 2013; Cortina & Rojas, 2016).
Its initial didactic milieu included these references, the study
of design-based research with its four phases (preparation,
design, teaching experience, retrospective analysis), field
visits to an indigenous primary school, and a morpholog-
ical analysis of the Otomi number system (Table 3). Stu-
dents collaborated with Otomi teachers to co-design and
implement the MIR, drawing on insights from linguistic,
cultural, and mathematical perspectives. This design pro-

cess involved three versions of each MIR, culminating in
a co-developed and field-tested version. Each student sub-
mitted two reports (interim and final) that documented the
design, implementation, and retrospective analysis. These
tasks required them to integrate their growing plurilingual
competence through explicit use of Otomi and Spanish and
pluricultural competence through collaboration with indige-
nous teachers to explore mathematical significance in Otomi
communities. Six MIR were created in Course 2, focused
mainly on the Otomi number system. They included work-
sheets and manipulatives that made cultural and linguistic
features of Otomi visible in the mathematics classroom.

Course 3 addressed spatial structuring, reflecting on three
key mathematical activities (Bishop, 1988): locating (in
space), measuring, and designing. The didactic milieu com-
bined five research papers (Gal & Linchevski, 2010; Gutiér-
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rez, 1991; Hershkowitz, 2020; Hunter & Hunter, 2024;
Jones & Tzekaki, 2016), Mexican curricular materials, a
research presentation by an expert, and two school visits
to the same indigenous school as in Course 2. Through
these materials, students explored spatial structuring pro-
cesses in elementary school. Hershkowitz (2020) and Jones
and Tzekaki (2016) provided broad overviews of geometry
learning, while Gutiérrez (1991), and Gal and Linchevski
(2010) highlighted theoretical and cognitive perspectives.
Drawing on Gutiérrez’ (1991) framework, students analyzed
activities from existing Spanish-language educational re-
sources to critically evaluate the spatial reasoning they re-
quired and how language shaped their accessibility. They
also attended a talk on a measuring activity conducted in
the Tenek indigenous community (Balderas, 2023) that il-
lustrated how mathematical learning can be interwoven with
cultural knowledge, language, and identity. That analysis
reinforced the significance of designing instructional re-
sources that not only address mathematical goals but also
cultivate plurilingual and pluricultural competence to help
learners navigate and draw on multiple linguistic and cul-
tural repertoires in constructing mathematical meaning. The
student-researchers first developed preliminary versions of
their MIR, which they presented to indigenous teachers on
the first school visit. The initial designs were then reworked
through collaborative dialogue to integrate the teachers’
knowledge of Otomi linguistic and cultural practices. The
resulting, co-designed, versions explicitly drew on both
Otomi and Spanish to promote plurilingual communication
and affirm the cultural relevance of mathematical activi-
ties through local practices, objects, and narratives (oral and
written). The second visit focused on implementing these
MIR in the classroom. As in Course 2, students submitted
interim and final reports that analyzed the development and
classroom use of their MIR.

In total, seven MIR addressing spatial structuring were
implemented: two on spatial orientation using school vo-
cabulary and giving directions; four on shapes and medic-
inal plants, symmetry using embroidery and cubes, and ani-
mal construction with tangrams; and one on measuring area.
These MIR provided authentic opportunities for pupils to
engage with mathematics through their linguistic and cul-
tural identities, thus supporting the development of plurilin-
gual and pluricultural competences as essential components
of meaningful mathematical learning.

5 Enriching the didactic milieu: findings
from two MIR examples designed by Atl

This section presents the two MIR designed by Atl, selected
for their integration of mathematical, cultural, and linguis-
tic elements, as well as the quality of their design-based re-

search reports. Her school visits, in collaboration with teach-
ers, enabled Atl to assess and refine the initial MIR for fifth-
and third-grade groups. We examine how she enriched and
extended elements of the didactic milieu, especially by in-
corporating plurilingual and pluricultural competence into
the structure and content of each task.

5.1 An MIR to teach the Otomi oral number system
in fifth grade

During the co-design process, this MIR focused on teach-
ing the numbers from 1 to 30 in Otomi by relating them to
Mayan numerals, a culturally meaningful element, as sug-
gested by a teacher who was teaching the Maya number
system. The three main activities for pupils were a launch
task (Who with whom), some development tasks (The rally),
and a closure task (Join and discover). These choices built
directly on Course 1, which had prepared Atl to compare
oral number systems and structure tasks around plurilingual
reasoning. Following the activities and analyses of oral num-
ber systems in Course 1, Atl began by designing a task that
connected three representations: numbers written in Span-
ish, their equivalents in Otomi, and their arithmetic compo-
sitions (Fig. 1).This triadic comparison highlights the objec-
tives of Course 1 since it not only fosters plurilingual com-
petence but also engages pupils in metalinguistic and cross-
cultural mathematical reasoning by positioning both indige-
nous and national languages as legitimate vehicles for ex-
pressing mathematical ideas. This task has ten numbers be-
tween 1 and 33; ‘33 is greater than 30’ was chosen because
of its arithmetic composition in Otomi 20+(10+3), which
differs from Spanish (30+3). This was studied in Course 1
by comparing Spanish to base-20 number systems (Breton,
partially French, and Tu’un savi). This allowed the pupils to
compare these two languages by supporting the arithmetic
composition, which is rarely used in schools to teach count-
ing; that is, n’ate (20) ma (+) r’eta (10) ma (+) hñu (3),
due to the regularity of that number system. To perform the
task, pupils could see a table with the numbers 1-40 in Otomi
and visualize the arithmetic operations to relate them to their
names in Otomi and Spanish.

The task design was based on the morphological analy-
sis of the Otomi number system (up to 100) in the Valle del
Mezquital variety. It followed the six steps suggested by a
paper read in Course 1 (Cortina & Rojas, 2016). The activity
during this course, using Tu’un savi, induced Alt to proceed
similarly with Otomi in Course 2. Hence, she searched for
studies on the Otomi number system and based her analysis
on the paper by Gilsdorf (2009). Atl identified the lexemes
(1-5, 10, 20, 100), three additive bases (5, 10, 20), and a
vigesimal multiplicative, then created a table that presented
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Fig. 1 A Who with whom task. Translation: (above) “In the following
columns you will see numbers in Spanish and hñähñu1 and how they
are constructed. Relate them to find the three representations of the
same number. Follow the example”

the same process as in Course 1, highlighting the arithmeti-
cal composition (Poisard, 2022).

Atl recognized linguistic and mathematical regularities;
for example, that n’ate is not used to express 20 when it
functions as a multiplicative base, where r’ate is preferred.
These distinctions became part of the MIR’s explicit instruc-
tions to reinforce meta-linguistic awareness and promote
culturally grounded reasoning. In the preparation phase of
design-based research, studied in Course 2, Atl engaged
with course literature (e.g., Barton et al., 1998; Cortina &
Rojas, 2016) and enriched the didactic milieu by incorpo-
rating new sources, such as Gilsdorf (2009) and Campbell
and Cruz (2009). This illustrates how the framework of the
courses encouraged her to expand the milieu with additional
references and tools. This selective expansion of theoreti-
cal and empirical references illustrates her active role in co-
constructing the research-based learning environment with
the indigenous teachers. In doing so, Atl not only designed
an effective multilingual task but also helped reposition in-
digenous language structures as valuable tools for mathe-
matical meaning-making.

The development tasks consisted of a three-station activ-
ity referred to as The rally, that Atl described in her Course
2 report (authors’ translation):

Build the number: this involved building a number indi-
cated by five dice. First, pupils formed the name of the
number in Otomi using cards, then represented the num-
ber in Mayan using foam rectangles and circles.
Make up a story: using cards with images and names in
Otomi, pupils composed mathematical problems of addi-
tion and subtraction, writing the numbers and nouns in
Otomi.

1Hñähñu is the endonym used by indigenous communities to refer to
the Otomi language.

Jump, jump!: pupils took turns skipping rope while recit-
ing the numbers 1 to 36 in Otomi (Atl’s Course 2 report,
2023, p. 9).

Each task was designed to reinforce plurilingual compe-
tence by engaging pupils in mathematical reasoning across
languages and representations, as seen in Course 1. This
was made more precise through the co-design process. The
Build the number task facilitated memorizing and recogniz-
ing Otomi number names while connecting them to Mayan
numerals. The language cards allowed pupils to construct
number expressions in Otomi through arithmetic composi-
tion; for example, the number 12 was written as r’et’a ma
yojo (10+2). In the Make up a story activity, the use of cul-
turally relevant vocabulary drawn from themes covered in
the Otomi class and materials such as the cardboard books
created by the indigenous teachers, promoted pluricultural
awareness. The Jump, jump! task, finally, supported memo-
rization through physical engagement and rhythmic repeti-
tion, helping pupils internalize the Otomi number sequence
from 1 to 36.

While designing these activities, Atl engaged deeply with
both instructional and cognitive considerations for teaching
oral number systems in indigenous languages. To do so, she
drew on Gelman and Gallistel’s (1978) five counting prin-
ciples (one-to-one correspondence, stable-order, cardinality,
abstraction, order irrelevance) to structure tasks and sup-
port conceptual development. In Who with whom and Build
the number, pupils practiced one-to-one correspondence by
mapping number names and numerals across languages. In
Jump jump!, they reinforced stable order by reciting the
Otomi sequence. In Make up a story, they explored cardi-
nality by combining sets. Throughout these tasks, abstrac-
tion and order irrelevance supported a flexible transfer of
strategies across contexts.

The closure task, Join and discover, invited the pupils
to connect dots on a worksheet to reveal a hidden fig-
ure (Fig. 2), similar to the activity (in base-6) proposed to
student-researchers to draw a flower in Course 1. Unlike tra-
ditional versions using Arabic numerals, this task presented
the number names in Otomi. As Atl explained: “It’s easy to
identify when a shortcut was taken, so it’s necessary to have
good knowledge of the sequence of numbers to complete
[the task]” (Atl’s Course 2 report, 2023, p. 39). This task fur-
ther consolidated pupils’ understanding of the stable-order
principle, while providing a playful, summative assessment
of their engagement with the Otomi number sequence.

In Course 1, the university provided students with ex-
amples of mathematical activities on numbers, comparing
oral number systems, and key references. Combined with
the co-design process in the primary school, in Course 2,
this enabled the creation of a relevant MIR, whose design
exhibited a sophisticated integration of mathematical struc-
ture (arithmetic composition), cultural context (indigenous
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Fig. 2 The Join and discover task. Translation: (above) “Join the dots
following hñähñu numeration to discover the hidden figure”

school), and plurilingual competence (comparison of Span-
ish and Otomi). This shows how Atl significantly enriched
the didactic milieu. Interestingly, Gelman and Gallistel’s
(1978) counting principles were not part of the media in-
troduced initially in the Master’s courses, so by incorporat-
ing them Atl extended the didactic milieu to underscore how
student-researchers can contribute to its evolution by inte-
grating relevant theoretical tools that support mathematical
learning and the revitalization of indigenous languages. In
this way, the MIR demonstrated not only the product of de-
sign, but also how the interplay between course preparation
and school collaboration enabled Atl to enrich the didactic
milieu with plurilingual and pluricultural dimensions.

5.2 An MIR for teaching Otomi geometrical design
in third grade

This MIR, also designed by Atl, focused on creating an
animal-shaped figure (a local animal) composed of tangram
puzzle pieces (geometric shapes). The instructional goal was
to teach the names and characteristics of geometric shapes
through the Otomi language by integrating vocabulary re-
lated to animals (non-geometric forms), the number of sides,
colors, and cultural references, using various concrete ma-
terials (Fig. 3). These choices were directly supported by
Course 3, which emphasized spatial structuring and pro-
vided analytical tools for studying pupils’ difficulties with
visualization.

Atl’s approach explicitly sought to foster plurilingual
competence by promoting comparisons of geometric shapes
between Spanish and Otomi vocabulary. By integrating cul-
tural references (e.g., local animals, Otomi names, class-
room resources), she simultaneously activated pluricultural
competence, affirming that “[the] pupils’ context and cul-
ture must permeate the [proposed] didactic activities.” This
intention revealed ideas from Sharma (2023) and Barquera
(2003) that Atl integrated beyond the didactic milieu of
Course 3. Her autonomous decisions were shaped by col-
laborative course discussions with all participants, where the
influence of the indigenous language on the design process
was analyzed carefully. The sequence of activities was: a
launch task (recognizing shapes, Why do we call it that?),
some development tasks (Construct a shape), and a closure
task (Glue your figure).

On the launch task, Atl introduced a triangle, a square,
and a parallelogram, “each one positioned differently from
how they are usually presented, without repeating the same
position” (Atl’s Course 3 report, 2024, p. 5). In that way, she
encouraged the pupils to rotate the shapes. Names in both
Spanish and Otomi using the vocabulary proposed by Bar-
quera (2003) and validated by the schoolteachers (Fig. 4).
While triangle and square had Otomi equivalents, ‘parallel-
ogram’ required using a Spanish loanword that provided an
opportunity to highlight language gaps and creative translan-
guaging practices.

Atl conducted a linguistic analysis that linked geometric
shapes in both languages to their defining properties, such as
the number of sides and angles, using familiar number words
from both vocabularies to support conceptual understand-
ing. This strategy fostered metalinguistic awareness to al-
low the pupils to recognize how different languages encode
mathematical ideas. Rather than treating the two languages
as parallel codes, the task positioned them as mutually re-
inforcing resources to support the students’ understanding
of geometric shapes (Jones & Tzekaki, 2016; Hershkowitz,
2020) while simultaneously encouraging intercultural re-
flection (Bishop, 1988). Two mathematical activities were
emphasized: a focus on ‘objects compared by properties of
form’ that involved interpreting figural information and ma-
nipulating and transforming visual representations (Bishop,
1983); and introducing ‘congruence’ intuitively through su-
perposition and movement. The latter is central to designing
activities that promote interaction in both mathematical and
environmental contexts. Instructors encouraged Atl to en-
gage in a careful analysis of the geometric notions and po-
tential difficulties highlighted in the literature studied dur-
ing the course, such as the static versus dynamic position
of shapes for recognizing invariant properties. Here, discus-
sions in Course 3 and tutoring enabled Atl to reorganize the
sequence of subtasks by degree of conceptual complexity
to ensure progression from recognition to abstraction while
maintaining the focus on cultural references.
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Fig. 3 Examples of the concrete materials used (Alt’s Course 3 report)

Fig. 4 The geometric shapes (2D) in Spanish and Otomi (authors’ own
work based on Alt’s Course 3 report data)

The development tasks included constructing increas-
ingly complex figures of local animals using tangram pieces
(Fig. 5). Assemble the animal required reproducing a 1:1
color photograph composed of visible tangram shapes. Cre-
ate your dark animal entailed reconstructing the same ani-
mal from a 1:4 solid black silhouette using all pieces. Two
intermediate scaffolding activities were provided for the
pupils who needed additional support (a 1:1 scale showing
the component pieces).

These instructional decisions were guided by Gutiérrez’
(1991, p. 5) research on visual discrimination: that is, “com-
paring several objects by identifying their visual similari-
ties and differences”, and visual memory, understood as “the
ability to recall visual features and spatial positions of ob-
jects no longer in view”, accompanied by the presence, or
absence, of these skills in activities adapted from Mexican
curricular materials, a series of topics discussed in Course
3. Based on those classes, challenges in students’ visual-
ization skills in learning geometry were identified. In re-
sponse, Atl independently integrated additional research on
how pupils transition from a complete geometric configura-

tion to its constituent parts. Here, she incorporated elements
from Sarama and Clements’ (2019) learning trajectory for
bidimensional shape development, as she mentioned in her
final report.

The sequencing of Atl’s subtasks fostered increasing
the complexity of the pupils’ actions (such as scaling,
color, visibility, and maintaining shape) as they developed
skills aligned with the trajectory proposed by Sarama and
Clements (2019). These activities highlighted her inten-
tion to promote movements on a plane (rotation, reflection),
(de)composition, and spatial relations. Atl encouraged the
students to design mathematical tasks related to “manufac-
tured” objects, which all cultures create for various pur-
poses, with a focus on abstracting shapes from the natural
environment (Bishop, 1988, p. 39). Her integrated vocabu-
lary linked to local fauna, the properties of shape, and Otomi
numbers, created a rich multicultural environment where
cultural knowledge and language were positioned as assets
in the mathematics classroom.

For the closure task, Atl created three subtasks to pro-
mote a final reflection: (i) reassemble and glue the ani-
mal using colored tangram stickers that varied in color and
size from the original puzzle; (ii) write a descriptive sen-
tence using both Spanish and Otomi vocabulary to name
a geometric shape (e.g., “The horse has a purple parallel-
ogram as its tail”); and (iii) compare the assembled fig-
ures with those of their peers and discuss which one cov-
ers a larger area and why. In this final task, pupils deep-
ened their plurilingual competence by constructing bilingual
mathematical sentences that combined Otomi and Spanish
vocabulary with geometric reasoning. Atl chose sticker col-
ors based on Otomi terms studied previously. By describ-
ing and comparing shapes using both languages, pupils acti-
vated their plurilingual resources as a part of their geometri-
cal reasoning to emphasize the connection among language,
shape recognition, and comparative reasoning.

Pluricultural competence was further modeled through
the respectful and resourceful use of the Otomi language
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Fig. 5 Representations of the
tangrams of local animals
(authors’ own work based on
Alt’s Course 3 report data)

–though it is not Atl’s mother tongue– to demonstrate a com-
mitment to inclusive, intercultural teaching practices. Tutor-
ing and collaborative discussions around each MIR activ-
ity in Course 3 helped Atl reorganize her tasks in terms of
their conceptual complexity, strengthen geometric reason-
ing, and create opportunities for visual abstraction and ge-
ometric generalization (e.g., focusing on shape, rather than
color or orientation). In these ways, her work supports both
mathematical learning and intercultural sensitivity (Avila,
2014; Sharma, 2023). The co-design with the indigenous
teachers ensured cultural and linguistic validity, adapted
the content to the pupils’ context, made indigenous knowl-
edge visible, and legitimized indigenous languages as tools
for geometric reasoning. In this process, global course ex-
changes and Balderas’ experiences in bilingual material de-
sign further shaped Atl’s reflective decisions as she devel-
oped activities that focused on geometry. She emphasized
the role of language in mathematical tasks, noting that “us-
ing language to communicate mathematical ideas, to name
and describe the characteristics of geometric figures, is a
challenge” (Atl’s Course 3 report, 2024, p. 12), while af-
firming that indigenous languages can function as didac-
tic and cultural resources that expand access to geometry

and foster engagement with both local and global ways of
knowing.

6 Discussion

This study examined how Master’s courses in mathematics
education enabled student-researchers to design MIR that
integrated mathematical, cultural, and linguistic elements.
Atl’s case illustrates both the outcomes of MIR design and,
more importantly, the institutional and collaborative pro-
cesses that made such designs possible.

Results show that the co-design process with teachers
ensured the cultural and linguistic validity of each MIR.
These collaborations adapted task content to pupils’ con-
texts, supported the visibility of indigenous knowledge in
formal schooling, and contributed to revitalizing local lan-
guages as legitimate media for mathematical reasoning. This
echoes findings by Avila (2014), Cortina (2013), and Cortina
and Rojas (2016) on linguistic analysis, and then extends
them by showing how Master’s level preparation explicitly
enabled these student-researchers to apply such analyses in
collaboration with indigenous teachers.
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Each MIR also reveals how multilingual and multicul-
tural dimensions were mobilized in mathematics education.
By positioning indigenous languages alongside Spanish as
vehicles for mathematical meaning-making, the designs re-
inforced pupils’ metalinguistic awareness and intercultural
reflections. These results complement Rosa et al. (2017) and
Meaney and Trinick (2020) by moving beyond ethnomath-
ematics approaches to adapt existing tasks in ways that are
less time-consuming yet effective for revitalizing indigenous
languages in the classroom. Results also show the viability
of MIR by integrating the primary indigenous school’s ped-
agogical model of launch, development, and closure.

At the institutional level, the Master’s program structured
opportunities for students to engage with theory, research
tools, and school-based practice in an integrated manner.
In this sense, our findings reinforce Barwell et al. (2016)
and Halai and Clarkson (2016) for they demonstrate that re-
searcher education can become a site for advancing diversity
in mathematics education. The flexibility of the Questioning
the World Paradigm further encouraged student autonomy,
by allowing them to extend the didactic milieu with addi-
tional resources, such as new linguistic analyses or theoreti-
cal principles.

Atl’s reflections illustrate the value of research-based,
inquiry-oriented practice, showing how researcher educa-
tion –when grounded in a robust didactic framework and
connected to local realities– can empower future researchers
to design MIR that contribute meaningfully to multilingual
mathematics education. Our aim was not to assess the full
range of research competencies developed, but the study
does highlight how MIR design constitutes a first step to-
ward preparing researchers to work at the intersection of
linguistic, cultural, and mathematical diversity. This focus
on MIR as a first step also clarifies the scope of our work, as
we discuss below.

An additional point concerns the scope of our analysis.
We chose not to focus on indigenous mathematics itself
(e.g., cosmogonies, community-specific practices), as this
would require a depth of ethnographic engagement that goes
beyond the limits of this study. As Hunter and Hunter (2024)
argue, developing indigenous pedagogical models calls for
long-term collaboration with communities to avoid impos-
ing external categories. In our case, we considered that revi-
talization through MIR was a necessary first step because it
introduces indigenous languages into classroom mathemat-
ics immediately and provides a foundation for later, more
ambitious, projects that can analyze and integrate indige-
nous mathematical practices. This positioning also responds
to the risk of subordinating cultural elements to Western
frameworks. By foregrounding language revitalization, we
sought to respect cultural particularities while still contribut-
ing to multilingual and multicultural mathematics education,
in line with current approaches to indigenous education in
Latin America (Parra et al., 2016).

7 Conclusion

This study shows how Master’s courses in mathematics ed-
ucation can provide future researchers with opportunities
to design Multilingual Instructional Resources (MIR) that
integrate mathematical, cultural, and linguistic dimensions.
Atl’s case illustrates how the courses, grounded in the An-
thropological Theory of the Didactic and the Questioning
the World Paradigm, enabled student-researchers to enrich
the didactic milieu through the use of multilingual resources,
co-design with indigenous teachers, and the selective exten-
sion of didactic milieu, including theoretical and method-
ological tools.

Our findings highlight three main contributions. First,
they demonstrate that research education can become a site
for advancing multilingual and multicultural approaches by
going beyond contexts where multilingualism is treated as
an external or optional dimension. Second, they show the
viability of MIR for indigenous schools, where their design
–organized around launch, development, and closure– en-
sured immediate usability and supported the revitalization
of indigenous languages as legitimate media for mathemat-
ical teaching and learning. Third, the study underscores the
importance of institutional preparation combined with co-
design processes as, together, they made it possible to in-
tegrate cultural references, local practices, and multilingual
resources into mathematical tasks.

However, the study has some limitations, mainly its fo-
cus on one sole case study and the fact that it does not as-
sess the full range of research competencies developed by
the student-researchers. Moreover, it does not provide an in-
depth analysis of indigenous mathematical knowledge be-
cause that requires long-term ethnographic collaboration.
Instead, our work emphasizes the revitalization of indige-
nous languages through MIR as a necessary step in estab-
lishing a foundation for later research that could engage
more directly with indigenous mathematical practices.

In closing, future work must address how MIR design
can be scaled across diverse schools and languages, and how
researcher education programs can consolidate broader re-
search competencies to accompany MIR. The revitalization
of indigenous languages is not only essential for their preser-
vation but also for appreciating the cultural richness that
multilingual mathematics education brings to teaching and
learning. In this sense, mathematics education plays a deci-
sive role in affirming that indigenous languages are powerful
means for doing mathematics, both in classrooms and across
broader educational contexts.
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