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Introduction: Environmental education (EE) has been extensively studied and promoted in Latin America, particularly in Colombia, through educational policies and regulations at all educational stages. While EE is well-established, Education for Sustainable Development (ESD) is gaining increasing global importance, especially with the advent of the Sustainable Development Goals (SDGs). Despite this, there remains a lack of knowledge, application, and research of ESD within engineering programs in higher education. This study aims to explore these gaps and assess the acceptance of ESD compared to EE among engineering students in Colombia.

Methods: A survey was conducted among 406 engineering students from eight universities in Colombia that offer undergraduate engineering programs. The survey included both Likert scale questions and open-ended questions. The objective was to measure students’ knowledge and perception of ESD, identify the roots of EE within engineering programs, and evaluate the progressive integration of ESD in these curricula.

Results: The results revealed the deep-rooted presence of EE in Colombian engineering programs and a gradual incorporation of ESD into these curricula. However, significant gaps were identified. The majority of students demonstrated limited knowledge of ESD and Sustainable Development (SD). Furthermore, there was a noticeable lack of academic areas or subjects within the engineering curriculum that specifically promote the knowledge and application of ESD. Students’ responses also highlighted the unusual convergence between EE, a traditionally conservationist field, and ESD, which is more development-oriented.

Discussion: This research identifies several critical challenges faced by engineering education in Colombia. The limited awareness of ESD among students suggests a need for enhanced integration of sustainable development concepts within engineering curricula. The lack of academic subjects dedicated to ESD further exacerbates this issue. Based on these findings, a transition strategy is proposed to bridge the gap between EE and ESD in Colombian higher education. This strategy aims to provide a smoother transition and better integration of sustainable development principles within engineering programs, ultimately supporting the development of engineers equipped to address contemporary global challenges.
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1 Introduction

Environmental education (EE) and Education for Sustainable Development (ESD) are usually perceived as opposing pigeonholed models. However, both seek to address the environmental problems generated by human action and ensure a sustainable environment for future generations through education (Molano Niño and Herrera Romero, 2014; Murray et al., 2014; Flórez-Yepes, 2015; Rendón López et al., 2018b; Marouli and Duroy, 2019).

EE has a broad historical background, as it has been used since the 1970s in different educational fields (UNESCO-UNEP, 1993). The purpose of EE is to protect the environment (Marouli, 2021), using awareness and contact with nature to create effective connections (Ernst and Theimer, 2011; Stern et al., 2021). EE was originally conceived as an answer to environmental problems caused by economic and industrial development, consumerism, and urban growth, among others (Dlouhá and Pospíšilová, 2018). However, EE had to change to adapt to new generations and the tools of our digitalized world, which have hindered people’s contact and awareness with nature. Awareness in EE can be defined as the synergy between people, communities, and organizations of all kinds with the environment (Mastrángelo et al., 2019; Ardoin and Bowers, 2020). This synergy seeks that people move from passive discourse to action; that is, it aims to change the way human beings act toward the environment to protect and preserve it (Suárez-Perales et al., 2021). EE has a holistic nature that seeks to create an impact through literacy around environmental problems, educating people from early childhood to adulthood (Ardoin and Bowers, 2020). EE is commonly found in schools from early childhood to higher education (Shi and Liu, 2011).

Meanwhile, ESD has a less recorded history; it was not until 1990 to 2000 that the first research references used this name (Acosta Castellanos and Queiruga-Dios, 2022). This trend gained strength thanks to the so-called Decade of ESD, which was promoted by the United Nations (UN) (Filho et al., 2015). ESD aims to educate people and society at large about Sustainable Development (SD). SD originated in 1987 as part of the document “Our common future” (UN Secretary-General, 1987); from that moment until now, little has changed in its definition. However, the measurement instruments and tools to achieve SD have been updated and promoted by most of the UN member states. In this sense, in 2014, the Sustainable Development Goals (SDGs) were introduced (Biasi et al., 2019). These objectives are aimed at achieving a balance between the social, economic, and environmental factors of the SD philosophy (Kopnina, 2014; Ekpiken and Ukpabio, 2015). There are 17 goals within the SDGs. Objective number four, “quality education,” aims to achieve that “all students acquire the knowledge and skills necessary to promote SD” (Elmassah et al., 2021). Likewise, ESD has been said to be the most precise tool to educate society to achieve the SDGs (Dlouhá and Pospíšilová, 2018).

Therefore, this research started by identifying EE and ESD as two different concepts, both in their foundation or philosophy and in their final purpose. This differentiation is based on the statement that EE is focused on environmental protection and is far from the global perspective of trade and anthropocentrism. On the other hand, ESD moves away from conservationism or environmental protectionism and is anthropocentric (McKeown and Hopkins, 2003; Stevenson, 2006; Nomura, 2009). In order to contextualize these two currents in Colombia, the historical connections and influence of EE or ESD on engineering curricula in Colombia will be outlined below.


1.1 EE in Colombia

EE in Colombia is contemporary to its global implementation in the 1970s; precisely in 1974, EE is explicitly mentioned within an official text in the “National Code of Natural Resources” in chapter 2 of this state policy document. In 1993, the Colombian environmental policy was created through Law 99, which also structured the National Environmental System (SINA). This law repeatedly mentions EE as the way to promote the protection of natural resources in Colombia (Flórez-Yepes, 2015; Pita-Morales, 2016), and establishes EE as a compulsory subject within primary and secondary education. Finally, in 1994, Decree 1743 was enacted, formalizing and promoting the Environmental Education Project at all levels of formal education. Likewise, EE is included in different sections of Law 115 (Flórez-Yepes, 2015; Mejía-Cáceres et al., 2020; Pérez Vásquez, 2020).

Within these official documents are the School Environmental Projects, which are pedagogical projects that are well-grounded in the theory of EE. Therefore, they promote knowledge about the environment and its protection, encouraging participation and interaction among the actors of the educational center: students, teachers, and the community (Mora-Ortiz, 2015).

Perhaps the most significant EE document in Colombia is the “Environmental Education Policy” issued by the Ministry of National Education of Colombia in 2002. This document has become the guide for the application of EE in primary, secondary, higher education, and non-formal education centers. This document encourages and regulates educational institutions to promote EE; likewise, it urges both private companies and public institutions to promote EE. Said policy aims to foster a change in people’s attitudes toward the environment within the values promoted by democracy (Badillo Mendoza, 2012; Calderon-Madero et al., 2019).

Colombia has had difficulties in implementing the (EE) as a general initiative despite having a national policy on the matter. Studies suggest that engineering curricula only incorporate 5% of topics related to EE (Acosta Castellanos et al., 2020a,b). Therefore, the government requires universities to include EE in the training of their students. Based on this overview, we can see the political affinity of EE in Colombia and its public institutions.



1.2 ESD in Colombia

Contrary to EE, no norm or policy explicitly mentions the promotion or application of ESD in formal or non-formal education in Colombia. However, an important milestone in this country is the reference within the Supreme Decree within the 1991 Constitution of Colombia. Article 80 of this document states that “The State will plan the management and use of natural resources to guarantee its sustainable development, conservation, restoration or replacement” (República de Colombia, 1991).

Colombia has had a slow implementation of ESD at all educational levels. This is even more noticeable in Higher Education Institutions (HEI) since it is expected that their vision of education will be reflected in high-impact research publications; in this sense, previous research has shown the inclination and preference for research. On the other hand, compared to EE, ESD research is low both in Colombia and in Latin America (Cavalcanti-Bandos et al., 2021; Acosta Castellanos and Queiruga-Dios, 2022). ESD in HEI has limited research and diagnostic projects, with low applicability, since its relevance does not seem to transcend to the decision-making bodies or the political institutions (Hernández-Diaz et al., 2021). The lack of clarification of ESD within public policy documents does not mean that there is a refusal to achieve SD. In this sense, the SINA was created to comply with the provisions of the Constitution referring to SD. Therefore, ESD is not officially present in Colombia, but different areas, especially research, have addressed its inclusion in all education levels (Callejas Restrepo et al., 2017; Cavalcanti-Bandos et al., 2021; Acosta-Castellanos and Queiruga-Dios, 2022). In this regard, Colombia provides examples highlighting the promotion of sustainable development. For instance, Law 1,549 of 2012 sets forth guidelines to enhance environmental education by orienting it toward sustainable development. Article 5 states: “Article 5. Establishment of political instruments. It is the responsibility of territorial entities and the Regional Autonomous Corporations for Sustainable Development to: (a) Develop technical-political instruments that contextualize the policy and adapt it to the needs of building an environmental culture for sustainable development…” (Congreso de la República, 2012).

The importance of incorporating ESD in Colombia lies in the country’s limited achievements in SD through the SDGs. In the latest metrics regarding the achievement of the SDGs, Colombia ranked number 9 among 12 countries in Latin America and the Caribbean (CODS, 2020). However, despite not having a policy that encourages ESD, efforts have been made to integrate it through research at a formal education level (Penalosa Farfan and Paucar-Caceres, 2018; Builes-Vélez et al., 2024).

The objective of this study was to substantiate some research questions formulated within a project that focuses on the inclusion of ESD in engineering. Previous publications were focused on systematic literature reviews, in which it was identified that Latin America in general, and Colombia in particular, have a greater inclination toward EE than ESD (Acosta Castellanos and Queiruga-Dios, 2022). Therefore, this study seeks to answer the following question: Is the training in engineering degrees in Colombia oriented toward EE and not ESD? Moreover, the following question regarding curricular aspects was also formulated: Can ESD OR SD knowledge be evidenced in the training of engineers in Colombia?

At the same time, this research aims to generate momentum and evidence for the need to keep the engineering curriculum up to date on ESD as a tool to train future engineers on SD. In the discussion, we will propose a specific approach according to the authors’ perspective on the most viable way to achieve an impact in sustainability through engineering education.




2 Methodology

The study was based on a survey sent to all universities in Colombia that offer engineering programs, receiving responses from 406 students from eight universities. The majority of respondents were between 19 and 21 years old, with the distribution of students by year of study ranging from the first to the fifth year, the latter being the most represented. The participating universities included both public and private institutions, providing a diverse sample. The engineering degrees that participated in the survey included Civil Engineering, Environmental Engineering, Industrial Engineering, Systems Engineering, Electronic Engineering, Mechanical Engineering, Chemical Engineering, Agricultural Engineering, Petroleum Engineering, and Electrical Engineering, reflecting the breadth of the engineering field in Colombia. The survey included 14 questions, 12 of which were Likert scale questions and two open-ended questions, designed to measure students’ knowledge and opinions on Environmental Education (EE) and Education for Sustainable Development (ESD).

The Likert scale questions were formulated in pairs, directly comparing EE and ESD concepts, with responses ranging from “strongly disagree” to “strongly agree.” Additionally, two open-ended questions aimed to identify the training spaces where students believed they had acquired knowledge about EE and ESD. The reliability of the questionnaire was validated with a Cronbach’s alpha coefficient of 0.8, indicating high internal consistency. Despite the limitations in sample size, the results provide valuable insights into the perceptions of engineering students regarding EE and ESD in their academic training.


2.1 Sample

A survey was sent to all universities offering engineering programs in Colombia (n = 120), and a response was obtained from (n = 406) students from 8 universities, namely, Santo Tomás University (USTA), Pedagogical and Technological University of Colombia (UPTC), Minuto de Dios University (MINUTO), National University of Colombia (UNAL), La Salle University (Salle), Juan De Castellanos University (JDC), University del Bosque (Bosque) and the University of the Sabana (De la Sabana). Figure 1 shows the distribution of the engineering degrees that participated in the survey. The mean age of the students who answered the survey was 21 years, with their ages ranging from 15 to 56 years. The most common age range in the responses was between 19 and 21 years. The distribution of the years is: 1st year (n = 51), 2nd year (n = 31), 3rd year (n = 68), 4th year (n = 105), and 5th year (n = 151). It is important to remember that engineering in Colombia is generally a 5-year degree.
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FIGURE 1
 Students surveyed according to degree and university.




2.2 Survey


2.2.1 Likert Scale questions

The questions were formulated using an affirmative statement and the Likert Scale, as can be seen in Table 1. This scale is widely used to determine the respondents’ opinions or degree of knowledge (Likert, 1932; Bowling and Windsor, 2008). It formulates an introductory statement for respondents to rate on a scale (Kaplan et al., 2021). In this case, a scale of 1 to 4 was used, where 1 was “strongly disagree” and 4 was “strongly agree” In addition, the response options were presented horizontally to avoid extreme response tendencies (Weijters et al., 2020).



TABLE 1 Likert Scale questionnaire.
[image: Table1]

Fourteen questions were formulated, of which 12 were Likert Scale questions and two were open-ended questions. The initial questions were formulated in such a way that 7 were related to EE and 7 to ESD. The questionnaire was designed in pairs, that is, each question about EE had a mirror question about ESD. Table 1, lists the 12 questions that were formulated using statements and the Likert Scale.



2.2.2 Open-ended questions

In order to broaden the source of data collection, two open-ended questions were added to complement the scope of the Likert Scale questions. In addition, open-ended questions allow additional data to be obtained and analyzed jointly with the structured questions (Jaeger and Rasmussen, 2021; Nikulchev et al., 2021). The open-ended questions asked were the following:



Q13: Mention the training spaces or areas in which you consider that you have obtained knowledge and tools for the application of EE.



Q14: Mention the training spaces or areas in which you consider that you have obtained knowledge and tools for the application of ESD.

 

The survey was administered in two sections so that the respondent could differentiate between the EE and ESD questions. Therefore, questions Q1 to Q6 and Q13 were answered in a separate section corresponding to EE. Once answered, a new section corresponding to the remaining ESD questions was administered, that is, Q7 to Q12 and Q14.




2.3 Survey reliability

An internal consistency analysis was applied using Cronbach’s alpha coefficient. This coefficient measures the internal consistency of the correlation between the items that make up a scale (Cortina, 1993). The value of the coefficient varies between 0 and 1. An instrument is considered valid if the coefficient is more significant than 0.7 and less than 0.9 (Oviedo and Campo-Arias, 2005). For this survey, the calculated value of the coefficient was 0.8. On the other hand, the instrument’s reliability was previously tested in two groups, where the applied instrument was refined and improved.

On the other hand, a Chi-Square analysis was performed to evaluate the relationship between the specialization or type of engineering and higher education institutions. The Chi-Square Test of Independence is commonly used to determine if there is a significant association between two categorical variables. The results indicated a significant relationship between these variables (χ2 = 825.62, p < 0.001, degrees of freedom = 63). The observed and expected frequencies suggest that the distribution of engineering specializations varies significantly according to the university.



2.4 Limitations

It is important to acknowledge the inherent limitations of this type of research. The most evident limitation was the size of the population, as we anticipated greater participation from universities and their students. The instrument’s application procedure was conducted transparently, by sending it to the rectors of the universities listed in the directory of the Colombian Ministry of National Education website. It was also sent to the deans’ offices of the engineering departments at each university.

Although we received responses from 406 students across 8 universities, this number may not be representative of the entire population of engineering students in Colombia. A larger sample size would increase the statistical power of the study and enhance the ability to detect significant differences. The higher concentration of responses from 4th and 5th-year students could also bias the results toward greater exposure to Environmental Education (EE) and Education for Sustainable Development (ESD).

Additionally, it should be noted that universities with fewer than 10 responses were excluded to ensure greater reliability of the results.




3 Results

As mentioned above, the questions were tailored to be able to compare them against a parallel question. Thus, the results are shown in pairs to be able to contrast them. Tables 2, 3 show the number of responses and the statistics (mean, mode and standard deviation) corresponding to them. En la tabla 2, se muestran las preguntas realizadas con escala liket, cada pregunta representada con una letra Q y que se muestra en detalle en la tabla 1. A su vez se muestran el total de respuestas por escala Likert. Por su parte la tabla 3, muestra los porcentajes que representa cada opción de respuesta.



TABLE 2 Numerical and statistical results for Likert scale questions.
[image: Table2]



TABLE 3 Response percentages by option.
[image: Table3]

Concerning Q1 and Q7, it can be observed that most students are clear about the definition and purpose of EE and ESD. In both cases, the responses of the Likert scale option 4, “Strongly agree,” are close to 80% and options 1 and 2 are the least common.

Q2 and Q8, respectively, denote a greater inclination of students to EE, although there is a low 17.5% difference between them. This answer reflects the importance students give to EE or ESD within their training.

A similar trend is observed in Q3 and Q9. In this case, results reflect that it is not common for engineering subjects to receive instruction or training on EE or ESD. According to the students’ responses, they receive more training in EE than in ESD. In this same sense, questions Q4 and Q10 indicate that professors require more significant preparation in EE and ESD, even more so in ESD. This need is made evident if the Likert scale response options 4 and 3 are added together, corresponding to 79.8% for EE and 86.7% for ESD.

On the other hand, the results of Q5 and Q11 show higher percentages than the content of the subjects that ensured knowledge about EE and SD. It should also be noted that a significant number of respondents chose Likert scale options 1 and 2. This is due to the lack of curricular content regarding EE and ESD; in the case of EE, the sum of the two options in the lower range is 24.6, and 21.9% or ESD.

Finally, questions Q6 and Q12 reflect a clear interest in improving the curriculum by incorporating subjects dedicated exclusively to EE and ESD. In this sense, option 4 represents 66.3 and 60.8% of the responses, respectively.

Figure 2 shows a word cloud within the political map of Colombia; it is essential to highlight that in both cases, respondents stated that the most effective training in EE and ESD took place during class time. In addition, EE and ESD training was also commonly offered through specialized training, congresses, conferences, and non-academic spaces.

[image: Figure 2]

FIGURE 2
 Word cloud of common activities where students were trained in EE or ESD. Trained in EE. Trained in ESD.


Table 4 shows the frequency of words used by the students. Notably, more training has been received in EE than ESD according to the total number of responses. It is important to note that the absence of training is more significant in ESD than in EE; this further supports the responses from the questions formulated on the Likert scale. On the other hand, the words “basic” can be linked to the subjects of basic sciences, which is one of the essential training components for engineers. Congresses represent a non-formal way of training in EE and ESD. In this sense, it can be inferred that universities create such events with a bias toward EE rather than ESD. These events are important as they show the progress of research in early and advanced stages, which encourages students to pursue lines of research, find new sources of information, establish new connections, and work collaboratively to generate new knowledge.



TABLE 4 Word count and frequency.
[image: Table4]

The data suggests a greater emphasis on EE over ESD based on the information provided by the students. The significant mention of “none” under ESD indicates a notable lack of training in this area. Universities seem to create events like congresses with a bias toward EE, which are crucial for showcasing research progress and encouraging students to engage in research activities and collaborations.

These findings align with the Likert scale responses, emphasizing the need for more balanced and comprehensive training in both EE and ESD to ensure holistic education in sustainable development for engineering students. The thematic analysis suggests that respondents consider several dimensions of EE crucial, highlighting the importance of involving people in practical and local experiences of environmental problems.



4 Discussion

The central precept of EE is to protect the planet from the human activity that is causing the depletion of natural resources. The EE seeks to solve this issue through environmental literacy, knowledge of the natural environment for the protection, restoration, or improvement of ecosystems (Carleton-Hug and Hug, 2010; Yanniris and Huang, 2018). Therefore, EE has evolved, especially in the present day, thanks to technological advances and instant communications. Now, the conservation and protection of natural resources are being taught to students in schools and universities through mobile applications or augmented reality processes, among many other methods (Andersson and Öhman, 2016; Pereira et al., 2020). This means that despite the background and research trajectory EE has, it can be adaptable and malleable to technological conditions. Based on the above, we can affirm that EE is contemporary and intergenerational, capable of evolving. However, it seems that modernity and adaptability have not changed this field’s characteristics or purpose. Regardless of the technological tools or the pedagogical model used, EE continues to have a conservationist and protectionist purpose toward the environment (Schneider et al., 1993; De Andrade Santos and Toschi, 2015; Galvis-Riaño et al., 2020; Crispin et al., 2021).

ESD stands in opposition to EE and therefore against SD since ESD seeks to promote those principles of SD that are based on economic and social development principles while maintaining a balance with nature. According to SD theory, this balance must be achieved to secure natural resources for future generations. This precept is based on the affirmation that economic growth is necessary to maintain this complex balance, which is explicitly mentioned in SDG 8. However, said economic growth leads to a globalized trade that needs natural resources to sustain itself. Moreover, results have shown that economic growth has prevailed over social and environmental balance (Stern et al., 1996; Christmann and Taylor, 2001; Abbasi and Riaz, 2016; Ulucak et al., 2020). This inherent dilemma supports the statement that SD is an anthropocentric movement that is essentially against environmental protection movements such as EE.

In this sense, the students’ responses can be interpreted as supporting the debates that arise within each educational approach. On one hand, the transformation undergone by EE after the last decade of the 20th century, especially in Latin America, where EE shifted from being apolitical and scientific to having a strong inclination toward protectionism. This shift facilitated its adoption by politicians and populist sectors who turned it into a political instrument (Elliott, 1995; Schild, 2016; Prusinski, 2024).

In this context, it cannot be ignored that Education for Sustainable Development ESD is not only a consequence of SD but also of the constant evolution of educational trends. In this case, it involves factors that distance themselves from protectionism, such as globalization and future thinking, among others (Hesselink et al., 2000). ESD, however, must reconcile the inherent problems and conflicts of SD, such as achieving social and economic balance without environmental sacrifice (McKeown and Hopkins, 2007). This debate includes contemporary issues such as energy transition and securing the economic support needed to achieve it.

In this regard, tensions arise particularly between economically powerful “developed” countries and those in the process of development, with economies that barely sustain the basics for their populations. What sacrifices must poorer countries make to achieve the balance between economy, society, and environment? How will they achieve the energy transition? Meanwhile, how willing are developed countries to finance or economically support the transition of poorer countries while also supporting their own transition?

ESD must be adaptable to respond to these concerns and tensions as the SD model is increasingly adopted in societies, particularly in economic sectors. ESD, in turn, should not standardize factors beyond the philosophical and epistemological ones to adapt to different cultures (Stevenson, 2006; Kitamura, 2014; Kopnina, 2014; González-Gaudiano, 2016; Aguilar, 2018). These cultures, in turn, should reinforce the transformation of ESD, giving it a less Westernized and more global vision.

Engineers have historically been on the side of developmentalism; they act as a natural modifier of the landscape and the environment. The solutions designed by these professionals are commonly an indicator of progress and development (Ulucak et al., 2020). Therefore, the responsibility of engineers toward the environment is of utmost importance. At first glance, the engineer should be trained in ESD and not in EE since it is difficult to conceive any infrastructure work that does not affect the environment. On the other hand, the results of our research show that engineering students in Colombia are more used to receiving EE-based training rather than one that is based on environmental protection. In turn, the responses of the questionnaire show that students understand SD, almost in the same proportion as EE; this is evidenced in the comparison between Q1 and Q7.

Thus, one could conclude that there is a mix of concepts and definitions within engineering education in Colombia. Therefore, there may be a gap in conceptual understanding, as students do not fully understand EE or ESD theoretical and practical knowledge. Furthermore, this incomplete or superfluous training is taught mainly in the curricular subjects. In conclusion, the problem lies in the curriculum. Moreover, there is a lack of training among professors, which supports our findings in previous research (Acosta Castellanos et al., 2020b).

Based on the results, there is a blending of EE and ESD; that is, they intersect and overlap on many issues. Theoretically, their characteristics and aims differ, but in practice, EE and ESD theories show broad similarities. In Colombia, government policies have led to EE being a more prominent, advocated, applied, and researched field than its counterpart, ESD (Mejía-Cáceres et al., 2020). Even so, society is accustomed to the terms and concepts of SD and understand the need for economic development as a driver of social and environmental factors (Londoño Pineda and Gabriel Cruz Cerón, 2019; Castillo et al., 2020; Pérez Vásquez, 2020; Liu et al., 2021; Pardo Martínez and Cotte Poveda, 2021; Tabares, 2021). Engineering students in this country are aware of this reality as the survey shows that even though they know more about EE, they also understand the concept and importance of SD. Therefore, education in Colombia, as in many countries, cannot be pigeonholed into a single movement; hence, the need for promoting new ways of understanding EE. To this end, we propose that EE continues to have the purpose of teaching university students about natural resources, their importance, and the environmental problems at a national and international level. Based on this literacy, students must understand their role as professionals in achieving sustainable development in harmony with the environment that favors human progress. In Colombia, especially within engineering education, Environmental Education for Sustainable Development (EESD) would be a more suitable model according to the characteristics of this country. The first record of EESD appears in Scopus in 1990 in an article called “Environmental Education for Sustainable Development?” by Disinger (1990). In this same database, there are only 15 results containing this denomination in their title. Essentially, these articles state that EE is a tool to achieve SD through courses, programs, and activities that educate the community about environmental problems. In the most recent articles on EESD, EE is seen as an essential component of the SD pillars: economy, society, and the environment (Shutaleva et al., 2020; Babalola et al., 2021).

Consequently, EESD would have the potential to mediate and fill the gaps that EE and ESD have in their application within engineering. EE has had significant achievements, but it has had little impact on stopping climate change or changing consumer attitudes in today’s society, for example (Pérez Vásquez, 2020). This problem is further accentuated if one considers that EE has been implemented since 1970, despite the support it has globally received from the UN, national and sub-national governments, and non-governmental entities. Meanwhile, ESD seems to be following the same path as EE since, as evidenced by various authors, the integration of this movement within formal and non-formal education is still at its early stages. It is also notable that no country has yet achieved SD. Our intention is not to detract from the achievements of EE or ESD, but rather to seek mediation between the EE and ESD to overcome the limitations in the incorporation of sustainability in engineering curricula, especially in Colombia. Achieving this mediation would imply creating new arguments to evolve from a conservation EE to an EE based on environmental justice, where human beings are an important part of nature but not the main point of focus. To achieve this mediation, ESD must also renounce its anthropocentric purpose and put the environment at the forefront rather than the economic aspects. Incorporating these precepts into engineering curricula can lead to extensive discussions, but the authors note that Colombia has the right context and spaces in which to review these alternatives.



5 Conclusion

EE in Colombia has its own characteristics and nuances as it overlaps with SD in some aspects, as our results show. Therefore, EE in this country merges the anthropocentrism that predominates in SD and the environmental protection that characterizes EE. Even so, the predominant model of environmental education in engineering studies in Colombia continues to be EE since students are more familiar with this concept, while also being the most taught model in formal learning environments. On the other hand, ESD is less known and is less relevant in formal education curricula. However, students have shown great interest in learning more about this model.

Therefore, in the light of our research and other studies mentioned in this paper, it can be affirmed that engineering curricula in Colombia are insufficient in terms of the incorporation of topics such as SD and the SDGs into formal learning environments such as subjects, forums, and courses. On the other hand, according to the students surveyed, professors need to be more prepared to be able to integrate the topics of their specialty with the topics related to SD. To this end, it is essential to establish policies that strengthen training within universities so that ESD is widely implemented in HEI.

There are some studies that focus on Colombia, specifically on the possibilities of implementing ESD at different stages of education, both formal and non-formal (Flórez-Yepes and Flórez-Yepes, 2015; Sepúlveda Chaverra, 2015; Gómez Agudelo, 2018; Rendón López et al., 2018a; Acosta Castellanos and Queiruga-Dios, 2022). As previously mentioned in this text, the environmental education policy was enacted by the government of this country in 2002 and has not undergone significant changes since then. Therefore, students entering various undergraduate programs come with a strong inclination and preference for protectionist discourses but are unaware of the role their future profession can play in a scenario increasingly permeated by Sustainable Development (SD). Thus, the different studies, including the one presented in this paper, can serve as a trigger for academia to promote a new educational policy focused on SD, supported and stimulated by ESD. By formalizing ESD at the governmental level, the ambiguities and uncertainties surrounding EE and ESD can be dispelled, with the hope that new generations of students will be truly literate in SD and that, in the case of engineering, they will be more effective in acting as a player beyond the technological aspect to achieve the desired SD.

Ultimately, results show that due to the unique and characteristic features of EE in Colombia, curricular experimentation with models such as EESD can be explored. Therefore, we urge researchers from Colombia and Latin America to use this instrument and validate the information provided in engineering programs to improve the engineering curricula and the results of the present research.
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