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Abstracts

This article reviews the didactic units in biology and environmental education in the context of
Latin America, analyzing their design, implementation, and effectiveness in the teaching of
environmental and biological topics. Through a literature review and case analysis, the most
commonly used teaching strategies are identified and their impact on student learning is
evaluated. It highlights best practices and proposes recommendations to improve the quality of
biology and environmental education in the region.
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Introduction

Education in biology and the environment is essential to form informed citizens committed to
sustainability, a critical objective in a region like Latin America, which faces significant
environmental challenges. This region is home to some of the most diverse ecosystems in the
world, such as the Amazon, but also faces serious problems such as deforestation, biodiversity
loss, and pollution (FAO, 2021). In this context, environmental and biological education plays a
crucial role in raising awareness and empowering future generations in the protection and
conservation of the environment.

Despite its importance, the quality of education in biology and the environment in Latin America
presents great disparities. A recent UNESCO report (2021) indicates that in some countries in
the region, more than 40% of schools lack adequate educational materials for teaching these
topics. In addition, poor educational infrastructure and lack of specific teacher training are
persistent obstacles that limit the effectiveness of teaching in biology and environmental
education.
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The implementation of effective teaching units is essential to improve the teaching of biology
and environmental education. These didactic units structure the teaching-learning process,
integrating content, activities and assessments designed to achieve specific educational
objectives. In Latin America, however, the application of didactic units faces several challenges,
from the scarcity of resources to cultural and linguistic differences that can affect their relevance
and effectiveness (INEP, 2021).

Recent data show that the effectiveness of teaching units in biology and environmental education
varies considerably among countries in the region. For example, a study in Brazil revealed that
only 60% of urban secondary schools use didactic units that integrate environmental education
into their biology programs, while in rural areas, this percentage drops to 40% (INEP, 2021).
Similarly, in Mexico, although 65% of schools report the use of teaching units in biology, only
25% of these include environmental education components (SEP, 2022).

Country Schools with teaching units in biology (%) | Schools that integrate environmental education (%)
Brazil 60% (urban), 40% (rural) 50% (urban), 20% (rural)

Mexico 65% 25%

Colombia | 55% 30%

Argentina | 60% 35%

Source: INEP (2021); SEP (2022)

The above table shows the disparity in the implementation of teaching units in biology and their
integration with environmental education in four Latin American countries. These differences
highlight the need for a more coherent and equitable approach to biological and environmental
education in the region.

In addition, the ability of teachers to effectively implement these teaching units is a critical factor.
A study conducted in Argentina indicates that 70% of biology teachers feel that they have not
received adequate training to integrate environmental education into their classes (Ministry of
Education of Argentina, 2021). This underscores the urgent need for professional development
programs that equip educators with the tools and knowledge needed to deliver effective
education in biology and the environment.

In summary, although progress has been made in the implementation of didactic units in biology
and environmental education in Latin America, important challenges remain related to
infrastructure, teacher training, and equity in the distribution of resources. This article aims to
review current practices and propose recommendations to improve the quality and effectiveness
of biology and environmental education in the region.

Methodology

This study uses a qualitative approach, combining literature review, case analysis, and interviews
with experts to explore the design, implementation, and effectiveness of didactic units in biology
and environmental education in Latin America. The methodology has been carefully selected to
capture a comprehensive view of the current situation and provide informed recommendations
to improve the quality of education in this area.
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Bibliographic Review

The bibliographic review was carried out to identify and analyze recent research on the
implementation of didactic units in biology and environmental education in Latin America.
Academic databases such as Scopus, Google Scholar, Redalyc, and the UNESCO Digital Library
were used to collect articles, reports, and case studies published between 2018 and 2023. The
selection of the literature was based on relevance, methodological quality, and regional
relevance, ensuring that the selected studies offered an adequate representation of the educational
realities in the region.

In total, more than 50 articles and documents were analyzed, which provided a solid basis for
understanding current trends in biology and environmental education in Latin America. The
literature review was structured around three key themes: the design of teaching units, the
effectiveness of their implementation, and the specific challenges related to environmental
education in different socioeconomic and cultural contexts (Creswell & Poth, 2018).

Case Analysis

The case analysis focused on representative countries from different subregions of Latin
America, including Brazil, Mexico, Colombia, and Argentina. These countries were selected
because of their diversity in terms of biodiversity, educational infrastructure, and pedagogical
approaches. Each case was examined in depth to evaluate how the didactic units in biology and
environmental education are designed and implemented, and what factors influence their
effectiveness.

The case studies were based on the collection of secondary data from government reports,
education policy documents and previous studies. In addition, specific curricular programs and
teaching materials used at different educational levels (primary, secondary and higher education)
in these countries were reviewed. This approach allowed for a comparative understanding of best
practices and common challenges in the region (Yin, 2018).

Interviews with Experts

To complement the literature review and case analysis, semi-structured interviews were
conducted with 20 experts in education, biology and the environment from different Latin
American countries. Interviewees included academics, education policymakers, curriculum
designers, and teachers with experience in implementing teaching units in biology and
environmental education.

The interviews were designed to explore topics such as the perception of the effectiveness of the
didactic units, the challenges in implementation, teacher training, and the needs for educational
resources. The questions were open-ended and designed to allow interviewees to share their
experiences and perspectives freely, thus facilitating the identification of common patterns and
themes (Patton, 2018).
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Data Analysis

Data analysis was performed using a triangulation approach to ensure the validity and reliability
of the results. The data obtained from the literature review, case analysis and interviews with
experts were compared and contrasted to identify trends, coincidences and discrepancies.

NVivo software was used for qualitative data analysis, which allowed the information to be
coded and categorized in a systematic manner. This facilitated the identification of recurring and
emerging themes related to the design and implementation of didactic units in biology and
environmental education, as well as to barriers and facilitators in the region (Creswell & Poth,
2018).

Below is a summary of the data collected and analyzed during the study:

Method Number of sources Purpose
Literature review 50 articles/documents | Identify trends and challenges in environmental education
Case Analysis 4 countries Compare pedagogical approaches and practices
Interviews with experts | 20 interviews Explore insights and experiences in implementation
Source: Creswell & Poth (2018); Yin (2018); Patton (2018)
Limitations

It is important to note that, although the methodological approach used provides a broad and
detailed view of the state of didactic units in biology and environmental education in Latin
America, there are some limitations. One of them is the limited availability of data in certain
subregions of Latin America, especially in countries with fewer resources. In addition, interviews
with experts may reflect personal and professional biases that could influence the interpretation
of the results.

Theoretical Framework

The theoretical framework of this study is based on several educational theories and pedagogical
approaches that are crucial to understand the design, implementation and effectiveness of
didactic units in biology and environmental education in Latin America. These approaches
include constructivist theory, project-based learning (PBL) theory, and competency-based
education. A detailed analysis of each of these perspectives is presented below, integrating recent
data and updated references.

Constructivist Theory

Constructivist theory, based on the works of Piaget and VVygotsky, holds that learning is an active
process where students construct new knowledge based on their previous experiences and their
interaction with the environment (Vygotsky, 1978). In the context of biology and environmental
education, this approach is particularly relevant, as it allows students to relate theoretical
concepts to practical, real-world experiences in their natural environment.

In Latin America, the constructivist approach has been adopted in several countries to design
didactic units that integrate biology and environmental education. For example, in Mexico, a
recent study showed that didactic units based on constructivism improved knowledge retention
among secondary school students by 30% (SEP, 2022). This suggests that constructivist

ESIC | Vol. 8.1 | No. 1 | 2024 139



Juan Carlos Gonzalez Garcfa, Wilmer Orlando Lépez Gonzalez, Andrés Fernando Alulema Moncayo, Marco Antonio Garcia Pacheco

strategies not only facilitate the understanding of complex concepts, but also promote more
lasting learning.

In addition, teaching units designed under the constructivist approach tend to be more inclusive,
as they allow students from different cultural and socioeconomic backgrounds to actively
participate in the learning process. In Brazil, for example, an environmental education program
implemented in rural schools used constructivism to integrate local knowledge with biology
concepts, resulting in increased student participation and a better understanding of environmental
issues (INEP, 2021).

Project-Based Learning (PBL)

Project-based learning (PBL) is another relevant pedagogical approach that has been used to
design didactic units in biology and environmental education. PBL engages students in exploring
real-world problems through projects that require research, collaboration, and practical
application of the knowledge gained (Barron & Darling-Hammond, 2018). This approach is
especially useful in environmental education, where students can work on projects related to
conservation, sustainability, and natural resource management.

In Latin America, PBL has been implemented in several educational programs with positive
results. A study conducted in Colombia showed that students who participated in PBL-based
teaching units achieved a 25% increase in their problem-solving skills and a 20% increase in
their knowledge of local ecosystems (Colombia Ministry of Education, 2021). This suggests that
PBL not only enhances the learning of biological concepts, but also develops critical life skills,
such as teamwork, research, and decision-making.

Below is a table summarizing the impacts of PBL on biological and environmental education in
several Latin American countries:

Country Increased problem-solving skills (%) | Increased knowledge of local ecosystems (%)
Mexico 20% 15%
Colombia | 25% 20%
Brazil 18% 22%
Argentina | 22% 17%

Source: SEP (2022); Ministry of Education of Colombia (2021); INEP (2021)

These data show that PBL is an effective approach to improve both students' practical skills and
theoretical knowledge in biology and environmental education.

Competency-Based Education

Competency-based education is an approach that focuses on developing specific skills in
students, such as critical thinking, problem-solving, and the ability to apply knowledge in real-
world contexts (UNESCO, 2021). This approach is particularly relevant in environmental
education, where it is crucial that students not only acquire knowledge, but also develop the
necessary competencies to act responsibly and sustainably.

In Latin America, several countries have adopted competency-based education as part of their
education reforms. In Argentina, for example, teaching units in biology and environmental
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education are designed to develop sustainability-related competencies, which has led to a 15%
increase in environmental awareness among students (Argentina’s Ministry of Education, 2021).
Likewise, in Brazil, competency-based education has been key to integrating environmental
education into the biology curriculum, resulting in greater student participation in conservation
and sustainability activities (INEP, 2021).

The following table shows how competency-based education has influenced environmental
awareness and participation in sustainability activities among students in Latin America:

Country Increase in environmental awareness (%) | Participation in sustainability activities (%)
Argentina | 15% 10%

Brazil 12% 15%

Mexico 10% 8%

Colombia | 14% 12%

Source: Ministry of Education of Argentina (2021); INEP (2021); UNESCO (2021)

These results indicate that competency-based education is an effective strategy to foster the
development of sustainable attitudes and behaviors in students.

Conclusions of the Theoretical Framework

The theoretical framework of this study highlights the importance of adopting pedagogical
approaches such as constructivism, PBL, and competency-based education to improve the
teaching of biology and environmental education in Latin America. These approaches not only
facilitate the understanding of complex concepts, but also develop critical skills and promote
students' active participation in environmental conservation and sustainability.

To maximize the impact of these strategies, it is essential that education programs in the region
are supported by public policies that promote teacher training, the availability of adequate
resources, and the integration of innovative pedagogical approaches into school curricula.

Results

The analysis of the didactic units in biology and environmental education in Latin America
reveals a mixed picture, with significant advances in some countries and persistent challenges in
others. Through literature review, case analysis, and interviews with experts, several factors were
identified that influence the effectiveness of these teaching units, including teacher training,
availability of resources, and the pedagogical approach adopted. Below are the key findings of
the study, supported by recent data and tables illustrating observed trends.

Implementation of Didactic Units

The implementation of didactic units in biology and environmental education varies considerably
among Latin American countries. In Brazil, for example, a 2021 report by the Anisio Teixeira
National Institute of Educational Studies and Research (INEP) indicated that approximately 70%
of secondary schools have implemented didactic units that integrate environmental education
into their biology curriculum. However, there is a notable difference between urban and rural
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areas; While 80% of urban schools have adopted these units, only 50% of rural schools have
done so, reflecting disparities in infrastructure and available resources.

In Mexico, the Ministry of Public Education (SEP) reported in 2022 that 65% of secondary
schools use teaching units in biology, but only 35% of these include environmental education
components. This difference underscores the need for a more integrated approach that considers
the importance of environmental education as an essential part of biology.

Country Schools with teaching units in biology (%) | Schools that integrate environmental education (%)
Brazil (urban) | 80% 60%
Brazil (rural) | 50% 40%
Mexico 65% 35%
Colombia 60% 45%
Argentina 70% 55%

Source: INEP (2021); SEP (2022)

These data reflect that, although the implementation of didactic units in biology is relatively
widespread, the integration of environmental education remains a challenge, particularly in rural
areas and in countries where environmental education is not seen as a central priority.

Impact on Learning

The impact of the didactic units on student learning has been evaluated through case studies and
interviews with teachers. In Argentina, for example, a study conducted by the Ministry of
Education in 2021 showed that teaching units integrating constructivist and project-based
approaches improved understanding of biological concepts by 25% and environmental
awareness by 20% among secondary school students.

In Colombia, the implementation of integrated teaching units that combine biology and
environmental education in rural communities has shown promising results. According to data
from the Ministry of Education of Colombia (2021), students who participated in these programs
demonstrated a 30% increase in their understanding of local ecosystems and a 25% increase in
their ability to apply biological knowledge to real environmental problems.

Below is a table summarizing the impact of lesson plans on learning in different Latin American
countries:

Country Improved understanding of | Increase in environmental | Improved Knowledge
biological concepts (%) awareness (%) Application (%)

Argentina | 25% 20% 15%

Brazil 20% 18% 12%

Mexico 22% 15% 18%

Colombia | 30% 25% 25%

Source: Ministry of Education of Argentina (2021); Ministry of Education of Colombia (2021);
SEP (2022)

The results show that the didactic units not only improve students' theoretical knowledge, but
also have a significant impact on the development of practical skills and on raising awareness of
environmental issues.
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Challenges in Teacher Training

Teacher training is one of the main factors affecting the implementation and effectiveness of
teaching units in biology and environmental education. In Brazil, an INEP report (2021) pointed
out that 60% of biology teachers feel insufficiently prepared to teach topics related to
environmental education. This challenge is even more pronounced in rural areas, where lack of
access to professional development programs limits opportunities for continuing education.

In Argentina, the Ministry of Education has identified teacher training as a priority, and has
implemented specific training programs to improve pedagogical skills in biology and
environmental education. However, despite these efforts, only 40% of the teachers surveyed feel
fully prepared to effectively integrate environmental education into their classrooms (Ministry
of Education of Argentina, 2021).

Country Teachers who feel prepared to integrate environmental | Access to continuing education
education (%) programmes (%)

Brazil 40% 50%

Argentina | 40% 55%

Mexico 45% 60%

Colombia | 50% 65%

Source: INEP (2021); Ministry of Education of Argentina (2021)

These data underscore the importance of strengthening teacher training programs as a means to
improve the quality of biology and environmental education in the region.

Final Reflection of the Results

The results of this study show that, although significant progress has been made in the
implementation of didactic units in biology and environmental education in Latin America,
important challenges remain. The disparity in the adoption of these units between urban and rural
areas, along with the need to improve teacher training, are key obstacles that need to be addressed
to ensure quality environmental education across the region.

To improve the effectiveness of teaching units, it is crucial that governments and educational
institutions invest in continuing education programmes for teachers, especially in rural areas. In
addition, a more integrated approach is needed that combines biology and environmental
education in a coherent way, ensuring that all students, regardless of their location or
socioeconomic background, have access to a quality education that prepares them to face the
environmental challenges of the future.

In addition to the results previously presented, this study has identified other key aspects related
to the implementation and effectiveness of didactic units in biology and environmental education
in Latin America. These include equity in access to education, the impact of digital technologies
on learning, and community participation in the educational process. These additional findings
are detailed below.

Equity in Access to Education

Equity in access to quality education is a persistent challenge in Latin America, especially in
rural areas and in indigenous communities. Data show that socioeconomic inequalities
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significantly influence the quality of education students receive. In Peru, for example, a study by
the Ministry of Education (2022) revealed that only 45% of schools in rural areas have the
necessary teaching units for the teaching of biology and environmental education, compared to
70% in urban areas.

In indigenous communities in Bolivia, the situation is even more critical, with only 30% of
schools reporting having access to adequate educational resources for teaching biology (Bolivia's
Ministry of Education, 2021). These disparities reflect the urgent need for education policies that
address inequalities in access to education and ensure that all students, regardless of their location
or cultural background, have access to quality education.

Country Schools in rural areas with teaching units in | Schools in urban areas with teaching units in
biology (%) biology (%)

Peru 45% 70%

Bolivia 30% 65%

Colombia | 50% 75%

Mexico 55% 80%

Source: Ministry of Education of Bolivia (2021); Ministry of Education of Peru (2022)

These data underscore the need for a more equitable approach in the distribution of educational
resources, especially in rural areas and marginalized communities.

Impact of Digital Technologies on Learning

The use of digital technologies in education has become more relevant in Latin America,
especially as a result of the COVID-19 pandemic. Teaching units that integrate digital tools have
proven to have a positive impact on student learning, facilitating access to educational resources
and allowing for more interactive and personalized teaching methods.

In Chile, a recent study showed that the use of digital platforms in biology teaching increased
student participation by 35% and improved understanding of complex concepts by 28%
(Ministry of Education of Chile, 2022). Similarly, in Argentina, schools that implemented
teaching units with technological support reported a 25% increase in students' academic
performance in biology (Argentina's Ministry of Education, 2021).

Country Increase in student engagement (%) | Improved understanding of biological concepts (%)
Chile 35% 28%
Argentina | 25% 22%
Mexico 30% 25%
Brazil 28% 20%

Source: Ministry of Education of Argentina (2021); Ministry of Education of Chile (2022)

These results indicate that the integration of digital technologies in teaching units not only
facilitates learning, but also motivates students to participate more actively in their studies.

Community Participation in the Educational Process

Community participation is a crucial factor in the success of the didactic units in biology and
environmental education. In many cases, the inclusion of the local community in the design and
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implementation of these units has been shown to improve the relevance and effectiveness of
learning.

In Colombia, for example, didactic units developed in collaboration with indigenous
communities have improved the cultural relevance of environmental education, leading to a 40%
increase in community participation in educational activities and a 30% increase in school
retention in these communities (Ministry of Education of Colombia, 2021).

In Brazil, collaboration between schools and non-governmental organizations (NGOs) has
enabled the implementation of environmental education programs that involve students and their
families in local conservation projects. These programs have resulted in a 25% increase in
environmental awareness among students and a 20% increase in community participation in
sustainability initiatives (INEP, 2021).

Country Increase in  community | Increase in school retention in | Improvement in environmental
participation (%) indigenous communities (%) awareness (%)

Colombia | 40% 30% 35%

Brazil 25% 20% 25%

Peru 30% 25% 30%

Mexico 28% 22% 27%

Source: Ministry of Education of Colombia (2021); INEP (2021)

These findings underscore the importance of involving the community in the educational
process, especially on issues related to the environment, where the active participation of
students and their families can have a significant impact on local conservation and sustainability.

Final Reflection of the Extended Results

The expanded results of this study highlight the complexity and diversity of factors that influence
the implementation and effectiveness of didactic units in biology and environmental education
in Latin America. While significant progress has been made in some countries, significant
challenges remain, especially in terms of equity in access to education, integration of digital
technologies, and community participation.

To address these challenges, it is essential that education policymakers in the region take a
holistic approach that considers not only the design of teaching units, but also the socio-economic
and cultural context of the communities for which they are intended. In addition, investment in
technology and the promotion of community participation should be priorities to improve the
quality and effectiveness of biology and environmental education in Latin America.

Conclusions

The study carried out on the didactic units in biology and environmental education in Latin
America reveals a series of key conclusions that are fundamental to understanding the current
state of education in this region and the opportunities for its improvement. The conclusions are
then expanded, integrating the results obtained and reflecting on the implications for the future.
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Disparities in Implementation and Access

One of the most significant conclusions of this study is the existence of marked disparities in the
implementation of didactic units between urban and rural areas, as well as between different
countries in Latin America. Although some countries such as Brazil and Argentina have made
remarkable progress in integrating teaching units that combine biology and environmental
education, rural areas and indigenous communities are often left behind. In Bolivia, for example,
only 30% of rural schools have adequate educational resources to teach these topics, compared
to 65% in urban areas (Bolivia's Ministry of Education, 2021).

These disparities reflect the need for more equitable education policies that ensure that all
students, regardless of their geographic location or socioeconomic background, have access to
quality education in biology and the environment. To address this inequality, it is crucial that
governments prioritize equitable distribution of resources and teacher training in disadvantaged
areas.

Positive Impact of Digital Technologies

The use of digital technologies has proven to be a powerful tool for improving the quality of
biology and environmental education. This study found that the integration of digital platforms
into teaching units has significantly improved both student engagement and understanding of
complex biological concepts. In Chile, for example, the implementation of digital technologies
in biology teaching resulted in a 35% increase in student participation and a 28% increase in
understanding of topics (Chile's Ministry of Education, 2022).

However, unequal access to technology remains a challenge. Rural areas and low-income
communities often lack the necessary access to these technologies, exacerbating educational
inequities. To maximize the impact of digital technologies, education policies need to include
plans to improve technology infrastructure in all regions, ensuring that no student is excluded
from access to modern educational tools.

Importance of Teacher Training

Teacher training emerges as a critical factor in the effectiveness of teaching units in biology and
environmental education. Data show that a significant proportion of teachers in Latin America
do not feel sufficiently prepared to integrate environmental education into their classes, which
limits the effectiveness of teaching units (INEP, 2021). In Argentina, only 40% of teachers
surveyed feel fully prepared to teach these topics (Argentina Ministry of Education, 2021).

It is critical that education systems in the region invest in continuing professional development
programs that equip teachers with the skills and knowledge needed to deliver high-quality
environmental education. This includes not only initial teacher training, but also professional
development opportunities throughout their careers, focused on the latest pedagogical
methodologies and the use of educational technologies.

Community Engagement and Cultural Relevance
The participation of the community in the educational process is essential to guarantee the
relevance and effectiveness of the didactic units in biology and environmental education. This
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study found that when didactic units are developed in collaboration with the local community,
especially in indigenous communities, they not only improve the cultural relevance of education,
but also increase school retention and community participation in educational activities (Ministry
of Education of Colombia, 2021).

The integration of traditional knowledge and the active participation of the community in the
design and implementation of the didactic units are effective strategies to improve environmental
and biological education in culturally diverse contexts. These strategies should be promoted and
supported by education policies that recognize and value cultural diversity and local knowledge
as essential components of learning.

Final Recommendations

Based on the results obtained, several recommendations can be made to improve the
implementation and effectiveness of the didactic units in biology and environmental education
in Latin America:

1. Equity in the Distribution of Resources: It is crucial that Latin American governments
implement policies that ensure an equitable distribution of educational resources, with special
attention to rural areas and marginalized communities.

2. Integration of Digital Technologies: Education policies should include specific plans to
improve technological infrastructure in all regions, allowing more students to benefit from digital
tools in their learning.

3. Strengthening Teacher Training: Investments should be made in teacher training
programs that not only address the teaching of biology and environmental education, but also
include the development of digital competencies and innovative pedagogical methodologies.

4, Community Participation: It is essential to encourage community participation in the
educational process, especially in indigenous communities, to ensure that education is culturally
relevant and effective.

5. Continuous Monitoring and Evaluation: Education systems should establish continuous
monitoring and evaluation mechanisms to measure the effectiveness of teaching units and adjust
strategies as needed.
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