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ABSTRACT

Indigenous rural communities preserve valuable biocultural knowledge associated with
native maize conservation, agroecological practices, traditional gastronomy, cultural
heritage, and community-based tourism. However, educational initiatives frequently
address these dimensions separately, limiting their contribution to sustainable
territorial development and knowledge transmission. This study presents the design
of an Artificial Intelligence-supported intercultural educational methodology developed
during Phase 1 of Project IH-2025-G-308 in indigenous communities of Tlaxiaco, Oaxaca,
Mexico. The methodology was constructed through participatory action research and
interdisciplinary process involving researchers, educators, agricultural specialists, and
community stakeholders. Four interconnected educational dimensions were identified
to structure the learning framework: environmental, agroecological, cultural, and
economic. Based on these dimensions, four complementary diagnostic instruments
were developed, including a semi-structured interview guide, a community observation
protocol, a 20-item Likert-scale questionnaire, and a community participation registry.
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The resulting framework was organized into five learning subsystems: natural resource
conservation, native maize and agroecological practices, cultural heritage and traditional
knowledge, community-based tourism and regional entrepreneurship, and Artificial
Intelligence-supported educational innovation. The methodology incorporates cross-
sectional and longitudinal assessment strategies and establishes a structured pathway
for transforming community knowledge into illustrated educational materials, bilingual
audiovisual resources, training activities, and culturally adapted learning experiences.
The proposed framework contributes to a human-centered and replicable methodology
that integrates regional knowledge systems, participatory action research, intercultural
education, and Artificial Intelligence to support biocultural heritage conservation,
community learning, and sustainable rural development.
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INTRODUCTION

The rapid advancement of Artificial Intelligence (Al) is transforming
educational systems worldwide, creating new opportunities for personalized
learning, digital inclusion, and knowledge generation. International
organizations such as UNESCO and the OECD have highlighted the potential
of Al to improve educational access, strengthen digital competencies, and
support lifelong learning while emphasizing the need for human-centered,
ethical, and culturally sensitive approaches to its implementation (OECD,
n.d.; UNESCO, 2023). However, significant challenges remain regarding the
integration of Al into educational environments characterized by cultural
diversity, limited technological infrastructure, and strong traditional
knowledge systems.

Recent studies have demonstrated the growing role of Al in rural
and community-based educational contexts. Research has shown that
Al-supported learning environments can improve educational outcomes,
facilitate knowledge transfer, and enhance digital literacy among students
and educators in underserved regions (Ho, 2025; Loépez Costa, 2025).
Nevertheless, many existing initiatives prioritize technological adoption over
the preservation of regional knowledge, cultural identity, and community
participation, creating a gap between technological innovation and territorial
sustainability (Arranz Garcia et al., 2025).

Indigenous communities represent particularly important contexts for the
development of culturally relevant educational models. These communities
possess extensive ecological, agricultural, linguistic, and cultural knowledge
accumulated through generations. Participatory educational approaches
have increasingly been recognized as effective mechanisms for integrating
regional knowledge systems into learning processes while promoting
community empowerment and equitable participation (Collins et al., 2018;
Cornish et al., 2023). Furthermore, recent work on relational Al suggests that
educational technologies should strengthen human relationships, reciprocity,
and collective learning rather than replace them (Martinez-Maldonado et al.,
2026).

In Mexico, native maize constitutes one of the most important elements of
biocultural heritage. Beyond its agricultural value, maize is deeply connected
to food systems, cultural identity, traditional ecological knowledge, and
regional economies. Studies on biocultural heritage emphasize that indigenous
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territories function as reservoirs of biodiversity, agrodiversity, and ancestral
knowledge, contributing significantly to environmental conservation and
sustainable development (Toledo & Barrera-Bassols, 2008; Boege, 2008).
Agroecological practices associated with native maize cultivation also
enhance resilience to climate variability and strengthen sustainable food
systems (Altieri et al., 2015; FAO, 2021).

The indigenous communities of Tlaxiaco, Oaxaca, represent an important
case for the development of innovative educational strategies. Previous
research has identified significant opportunities for strengthening sustainable
experiential tourism, agroecological production, cultural preservation, and
digital capacity building through community participation and technological
innovation (Jiménez-Marquez et al., 2025; Oropeza-Tosca et al., 2025).
At the same time, these communities face educational and technological
challenges that limit access to training opportunities capable of integrating
environmental, agroecological, cultural, and economic dimensions within a
single learning framework.

Despite increasing interest in Al-supported education, limited research has
addressed the design of intercultural educational methodologies specifically
adapted to indigenous communities that combine participatory research,
biocultural heritage conservation, native maize knowledge, and sustainable
territorial development. This gap is particularly evident in rural Latin
American contexts where educational innovation must coexist with cultural
preservation and community autonomy.

Therefore, the objective of this study is to design an Al-supported
intercultural educational methodology for indigenous communities
engaged in native maize conservation in Tlaxiaco, Oaxaca, Mexico. The
proposed methodology integrates participatory diagnostic instruments,
regional knowledge systems, and educational technologies to support
future community learning processes, biocultural heritage preservation, and
sustainable territorial development.

MATERIALS AND METHODS
Study Area

The study was conducted in indigenous rural communities located in the
municipality of Heroica Ciudad de Tlaxiaco, Oaxaca, Mexico. The research
focused on communities involved in native maize production and the
preservation of traditional agricultural, cultural, and gastronomic practices.
These communities maintain important biocultural resources, including
native maize varieties, traditional ecological knowledge, indigenous cultural
expressions, regional gastronomy, biodiversity, and emerging community-
based tourism initiatives.

The study was developed as part of Project IH-2025-G-308, funded through
the Mexican national research program, which seeks to design a replicable
educational and economic model supported by Artificial Intelligence for
indigenous agricultural communities.
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Research Design

A participatory action research approach was adopted to support the
collaborative construction of an intercultural educational methodology.
Participatory Action Research (PAR) promotes the active involvement of
community members in the identification of regional needs, knowledge
systems, and development opportunities while facilitating the co-creation
of educational solutions adapted to regional realities. The adoption of
Participatory Action Research (PAR) was based on its recognized capacity
to facilitate equitable community involvement, co-creation of knowledge,
and regionally grounded decision-making processes in rural and indigenous
contexts (Collins et al., 2018; Cornish et al., 2023; Briones Ponce et al., 2025).
This approach is particularly relevant for educational innovation initiatives
that seek to integrate traditional knowledge systems with contemporary
technological tools while promoting sustainable territorial development (Shin
et al., 2026). The methodological design integrated principles of intercultural
education, human-centered learning, sustainable territorial development,
and Artificial Intelligence-supported educational innovation. The process
was organized into sequential stages including participatory diagnosis,
identification of educational needs, design of research instruments, content
selection, educational material development, and community validation.

Identification of Educational Needs

The diagnostic framework was designed to identify educational requirements
associated with four interconnected dimensions: Environmental dimension;
Agroecological dimension; Cultural dimension; Economic dimension.

These dimensions were selected based on previous studies conducted
in Tlaxiaco and on the importance of native maize conservation as a
biocultural heritage element. The assessment considered topics related
to biodiversity conservation, agroecological management, traditional
knowledge transmission, indigenous language preservation, entrepreneurship,
community-based tourism, and digital literacy. The selection of these
dimensions was informed by studies on biocultural heritage, indigenous food
systems, agroecology, and sustainable territorial development. Native maize
was considered a central biocultural component because of its ecological,
cultural, economic, and educational significance within indigenous
communities (Toledo & Barrera-Bassols, 2008; Boege, 2008; FAO, 2021).
Agroecological practices associated with native maize cultivation were also
considered due to their contribution to climate resilience and biodiversity
conservation (Altieri et al., 2015).

Design of Data Collection Instruments

Four complementary instruments were developed to collect information from
community members and support the future design of educational resources.

Semi-Structured Interview Guide. The interview guide was designed to
obtain qualitative information regarding regional knowledge, traditional
agricultural practices, cultural identity, tourism activities, educational needs,
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and perceptions regarding the use of digital technologies and Artificial
Intelligence.

Community Observation Guide. The observation protocol was developed
to document environmental conditions, agricultural practices, cultural
activities, regional infrastructure, educational resources, and tourism-related
assets present in the communities.

Likert-Scale Questionnaire. A 20-item Likert-scale questionnaire was
designed to evaluate perceptions, attitudes, and levels of agreement regarding
environmental conservation, agroecological practices, cultural preservation,
economic development opportunities, educational needs, and the potential
use of Artificial Intelligence as a learning support tool.

Community Registry. A community participation registry was designed to
document demographic information, productive activities, participation in
educational processes, and regional knowledge areas relevant to the proposed
educational model.

Instrument development was guided by principles of participatory
research and intercultural educational assessment, allowing the identification
of regional perceptions, traditional knowledge, technological readiness, and
community development opportunities. The instruments were designed to
support both qualitative and quantitative data collection and to facilitate
future longitudinal evaluations of educational interventions.

Educational Content Selection

Based on the four dimensions and the information collected through
the diagnostic instruments, educational content was organized into five
learning subsystems: 1. Natural resource conservation, 2. Native maize and
agroecological practices, 3. Cultural heritage and traditional knowledge,
4. Community-based tourism and regional entrepreneurship, 5. Artificial
Intelligence-supported educational innovation. These subsystems served as
the foundation for the future development of educational resources adapted
to regional cultural and territorial contexts.

The inclusion of community-based tourism as a learning subsystem
was supported by recent studies highlighting its role in regional economic
diversification, cultural preservation, and sustainable rural development
(Cordova-Buiza et al., 2025; Abreu et al., 2024; Hariyadi et al., 2024).
Similarly, the incorporation of biocultural heritage and agroecological
knowledge responds to the need to preserve traditional knowledge systems
while promoting community resilience and sustainability (Toledo & Barrera-
Bassols, 2008; Boege, 2008).

Development of Al-Supported Educational Resources

The methodological framework proposes the use of Artificial Intelligence as
a support tool for generating educational resources adapted to community
needs. This approach follows international recommendations that promote

human-centered, ethical, and culturally responsive applications of Artificial
Intelligence in education (UNESCO, 2023; UNESCO IICBA & International
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Centre for Innovation in Higher Education, 2026; OECD, n.d.). The design
also incorporates relational perspectives on educational Al, emphasizing
reciprocity, community participation, and the strengthening of human
relationships rather than technological substitution of social learning
processes (Martinez-Maldonado et al., 2026).

Planned outputs include illustrated educational materials, bilingual
audiovisual resources, training guides, learning activities, and community
workshops. The design prioritizes cultural relevance, accessibility, knowledge
preservation, and human-centered learning principles (Ho, 2025; Arranz
Garcia et al., 2025; Basantes-Andrade et al., 2025).

Community Validation

The final stage of the methodology involves community review and validation
of the proposed educational resources. Community members, regional
leaders, producers, and stakeholders will participate in evaluating content
relevance, cultural appropriateness, clarity, and practical applicability.
Feedback obtained during this stage will be used to refine educational
materials before implementation.

Community validation is considered a critical component of intercultural
educational design because it ensures that educational resources accurately
reflect regional knowledge systems, cultural values, territorial priorities, and
community expectations. This process contributes to the legitimacy, relevance,
and long-term sustainability of the proposed educational methodology.
Figure 1 summarizes the overall research design and methodological structure
adopted in this study.

Figure 1:
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Research design of the Al-supported intercultural educational methodology
for indigenous native maize communities in Tlaxiaco, Oaxaca. Source: Authors’

elaboration.
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RESULTS

The principal outcome of Phase 1 of Project IH-2025-G-308 was the
design of an Al-supported intercultural educational methodology for
indigenous native maize communities in Tlaxiaco, Oaxaca. Developed
through a participatory diagnostic process, the framework integrates local
knowledge, educational needs, and sustainable development opportunities.
Four educational dimensions, environmental, agroecological, cultural, and
economic, were identified as the foundation of the methodology, providing
a structured approach to community learning and sustainable territorial
development (Table 1).

Table 1: Educational dimensions incorporated into the proposed methodology.

Dimension Main Topics
. Biodiversity conservation, natural resources, ecosystem services,
Environmental .
environmental awareness
. Native maize production, biofertilization, soil management, climate
Agroecological . . .
resilience, sustainable agriculture
Cultural Indigenous language preservation, traditional knowledge, gastronomy,
ultura : . .
cultural identity, community memory
. Entrepreneurship, value-added products, community-based tourism,
Economic

regional development, digital opportunities

The participatory diagnosis also resulted in the design of four
complementary research instruments intended to support future educational
planning and community assessment processes. These instruments were
developed to capture qualitative and quantitative information related
to regional knowledge systems, educational requirements, technological
capacities, cultural practices, and perceptions regarding the use of Artificial
Intelligence in community learning environments. The instruments and their
functions are summarized in Table 2.

Table 2: Diagnostic instruments developed during Phase 1.

Instrument Purpose

Semi-Structured Interview  Identification of regional knowledge, educational needs,
Guide cultural practices, and community perceptions

Community Observation =~ Documentation of environmental conditions, productive
Guide activities, cultural assets, and regional infrastructure

Assessment of attitudes, perceptions, and levels of agreement

Likert-Scale Questionnaire . . . .
regarding educational and community development topics

Characterization of participants, productive activities, and

Community Registry . .
areas of regional expertise
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Based on the diagnostic framework, educational content was organized
into five learning subsystems: natural resource conservation, native
maize and agroecology, cultural heritage, community-based tourism and
entrepreneurship, and Al-supported educational innovation. The resulting
methodology provides a framework for developing educational materials,
bilingual audiovisual resources, and training activities. It integrates local
knowledge with digital technologies while promoting cultural relevance,
biocultural heritage conservation, and sustainable territorial development in
indigenous and rural communities.

DISCUSSION

The methodology contributes to research on participatory and human-
centered educational innovation in rural and indigenous contexts. Unlike
conventional approaches, the framework was developed from community
needs, local realities, and traditional knowledge systems through participatory
action research, promoting equitable collaboration between researchers and
communities (Collins et al., 2018; Cornish et al., 2023). The integration of
Artificial Intelligence follows international recommendations for ethical,
inclusive, and human-centered educational applications (UNESCO, 2023;
OECD, n.d.) and aligns with relational Al perspectives that emphasize
reciprocity, participation, and social learning (Martinez-Maldonado et al.,
2026). Furthermore, the methodology incorporates biocultural heritage
as a core educational component, recognizing native maize as a cultural,
ecological, and economic resource linked to biodiversity, agrodiversity,
and traditional knowledge systems (Toledo & Barrera-Bassols, 2008;
Boege, 2008). The integration of environmental, agroecological, cultural,
and economic dimensions reflects the interconnected nature of indigenous
territorial systems and supports culturally relevant educational innovation.

The agroecological dimension is particularly relevant because traditional
practices associated with native maize cultivation contribute to biodiversity
conservation, climate resilience, soil health, and food sovereignty (Altieri et
al.,2015; FAO, 2021). Incorporating these elements into educational content
supports the transmission of practical knowledge that remains essential
for community development. Likewise, community-based tourism extends
learning beyond agricultural production by linking cultural heritage, local
economies, and sustainable territorial development (Cordova-Buiza et al.,
2025; Abreu et al., 2024; Hariyadi et al., 2024). In Tlaxiaco, native maize,
gastronomy, and traditional knowledge represent valuable educational and
economic assets. The proposed methodology also builds upon previous
studies on sustainable experiential tourism and Al-assisted training for
native maize producers in the region (Oropeza-Tosca et al., 2025; Jiménez-
Mairquez et al., 2025). As such, it provides a replicable framework for
strengthening local knowledge systems, promoting sustainable development,
and expanding educational opportunities through culturally relevant
technological approaches.
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CONCLUSION

The Al-supported intercultural educational methodology developed during
Phase 1 of Project IH-2025-G-308 provides a structured framework for
integrating indigenous knowledge, native maize conservation, agroecological
practices, cultural heritage, community-based tourism, and emerging digital
technologies within a unified educational model. Through a participatory
action research approach, the methodology was designed to respond to
educational, technological, cultural, and economic needs identified in
indigenous communities of Tlaxiaco, Oaxaca. The resulting framework
combines diagnostic instruments, learning dimensions, and educational
subsystems that support the future development of culturally relevant and
human-centered learning resources. By positioning Artificial Intelligence as
a complementary tool for knowledge preservation, educational innovation,
and community empowerment, the proposed methodology contributes to
sustainable territorial development while respecting regional identities and
traditional knowledge systems. Furthermore, the model offers a replicable
approach that can be adapted to other indigenous and rural communities
seeking to strengthen biocultural heritage conservation, digital inclusion,
and community learning through participatory and intercultural educational
strategies.
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