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Abstract

:

Environmental education (EE) has become the only tool for environmental sustainability in training processes in Colombia, for basic cycles in primary and secondary, as well as university education. EE tends to transform human actions in nature, based on multidisciplinary knowledge that supports decision-making. Its goal is to generate a change in social behavior in order to achieve the recovery, conservation, and preservation of the environment. In Colombia, education for sustainable development (ESD) is embedded in EE. These educational models (EE and ESD) seek to achieve sustainable development goals (SDGs), which generally seek the economic and social well-being of nations, both for current and future generations. Environmental engineering is a relatively new degree course in Colombia and Latin America since it appeared in the mid-nineties, and it must involve EE within its curriculum. Students are trained in this trend. This research intends to demonstrate, through a curricular review of the environmental engineering curricula and also surveying students from this degree, the level of inclusion of EE in Latin America. Strengths are identified in the curricula, such as the strong presence of EE in disciplinary subjects and opportunities for improvement based on the needs of the students. The situation in South America is also included in this study.
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1. Introduction


Currently, humanity faces changes that appear to be irreversible. These changes are the result of bad actions and social development, with little or no environmental responsibility, establishing a series of global challenges such as climate change and the degradation of natural resources [1].



These challenges also concern universities and their programs, so much so that broader definitions are found about the integration of the environment into these programs, Vidiella, defined the university as “a place where awareness must be created so that humans, through their activity, have promoted socioenvironmental changes in recent years; likewise, integrally train people so that they are capable of understanding society and intervening in it with the aim of improving it” [2]. Environmental education, as well as education for sustainable development, has become two currents within comprehensive training in higher education, with the goal of protecting natural resources for future generations using different concepts and paths.



EE has historically more weight than ESD. For this reason, countries like Colombia have decided to focus their educational policy towards EE, neglecting ESD [3,4]. However, it is assumed that due to the characteristics of university environments, where research and scientific advances are born or amplified, the novel characteristics of EDS should at least be addressed or evaluated [5].



Education for sustainable development is defined as “the process of equipping students with the knowledge, understanding, skills and necessary attributes to work and live in a way that safeguards environmental, social, and economic well-being, both in the present and for future generations” [6]. Moreover, ESD’s aim is to develop a comprehensive transformation of educational systems to promote skills, knowledge, and values, and to equip people with the skills to make them able to cocreate a sustainable future [7]. ESD is based on the concept and model of sustainable development presented at the United Nations (UN) general assembly on 4 August 1987. The report entitled “Our common future”, also known as the Brundtland report [8], was defined as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs”. Thereafter, all nations that had not achieved economic and social development have pointed to this model, which seeks a balance that inevitably involves the environment, since intergenerational equity is not possible without involving this factor [9]. More than 30 years have passed since this model was proposed, and some progress has been noticed, but it is difficult to reach an agreement about the route to achieving this type of development. To overcome these impasses, different strategies from the UN have been discussed; the last one is the formulation of a series of guidelines to achieve, called “sustainable development goals” [10].



In order to achieve the SDGs, it is necessary to do it through education [11,12]. This is why sustainability should be involved in the curricula and educational models, emerging as the concept of education for sustainable development [13].



Although there is no simple or consensual definition for EE, it can be classified as heterogeneous and diverse since it concerns basic primary education to higher education, regardless of the area of knowledge. EE provides a common, clear, and defined core, as it raises the need to promote a change in behavior in relation to the environment, apart from the approach or the didactic strategy that is used [7]. During a conference on environmental education, to give an answer to the complexity of the environment and its links with biological, physical, social, cultural, and socioeconomic factors was stated [14]. In the same way, it is usual to see EE emphasizing awareness and providing tools to acquire information on environmental sustainability, focusing on promoting ecological behaviors and critical thoughts about excessive consumption [15,16]. Information for smart decision-making in the face of the environment and how to protect it was also included in that conference [17,18].



In universities, EE must guide students to know their environment, both in human actions and acts of nature, and how to generate an action strategy to protect the environment. To make this possible, it is necessary to teach students in a practical, theoretical, and innovative way, with actions and tools aimed at improving the environment [19]. In this sense, many of the universities face a great challenge since so few of them involve the environment within their functions. In Latin America, environmental education is still seen as something that only involves primary and secondary education [4], but not higher education, since it implies voluntary changes in restructuring the curricula of undergraduate and postgraduate programs. Therefore, this change would imply recognizing the importance of the environment in people’s lives and in the development of societies in the educational system. Therefore, it would imply the use of EE in the curricula and in the universities themselves [20].



Based on what has been described, the importance of EE and ESD can be inferred, not only in the evolutionary process of universities and their programs but also in the development that nations need to achieve. In Colombia and Latin America, bachelor degrees are the first stage in higher education; they should promote these models since this stage in formal education gives shape to the future of people and, therefore, of societies [21].



Environmental engineering arose from the evolution of sanitary engineering and civil engineering; both engineering degrees addressed environmental issues in their curriculum. More specifically, sanitary engineering is the area related to environmental health, whose objective, broadly speaking, is to analyze the effects of using toxic elements in the environment on human health [22], and civil engineering is in charge of water resource issues [23]. The creation of environmental engineering in Latin America is very recent, and the first environmental degrees emerged in engineering programs in Colombia and much of Latin America during the nineties. The first degrees were sanitary and environmental engineering, but, over time, the word sanitary was removed from the name, since environmental issues had gained more relevance within the curricula and were somewhat overcome, at least in the countries with the greatest advances, problems associated with a lack of basic sanitation. However, the curricula or study plans continued to have their foothold mainly only in the technique that was very inclined to that health origin.



The training of environmental engineers has a very clear curricular core and areas of training, such as basic sciences, basic engineering, formative research, applied engineering, and ethics or humanism, which will depend on the approach of the university that offers the program. This is because the environmental engineer seeks the technique to solve environmental problems, that is to say, to decontaminate and not to stop the contaminating action; making an analogy with medicine, i.e., the objective is curative, but not preventive.



Environmental education has become a part of everyday life around the world, addressing environmental problems by changing the curricula in higher education. Likewise, to include courses, subjects, or programs, seems to be the most adequate proposal for EE [24,25]. However, it has been shown that the curricular change has not been carried out by many universities, and those that have carried it out have not had satisfactory results [26]. On the other hand, it has also been shown that teacher–student integration, in a collaborative way, is most effective in addressing environmental education in higher education programs [27]. It is generally considered that university students who study programs related to the environment have a better perspective on environmental problems, and it would be assumed that they have better training in environmental education; this is not always the case [28].



The objective of this research is to identify the presence of environmental education in the training of environmental engineers in Colombia; this will contribute to the knowledge of whether training is deficient or appropriate. To achieve this objective, a search was carried out on the environmental engineering programs that stand out for the quality accreditation granted by the Colombian Ministry of Education. From these, a sample of 6 programs was taken for the revision of the curricula or study plans to identify the existence of EE. On the other hand, the information was corroborated through surveys in a sample of two university programs through the consultation of their students. This survey allowed us to identify training aspects in EE, inside and outside the curriculum. The results will serve as input for the improvement of these environmental engineering programs, not only in Colombia but in several places where this type of engineering is offered.




2. Environmental Education in Environmental Engineering in Colombia


In a society defined as a “society of knowledge”, education evolves with greater speed. In the decade between the 1990s and 2000s, virtual education was not conceived, but 10 years later, it began to grow, generating changes and new paradigms. Entirely virtual universities arose in this context, leading education to evolve along with social and technological evolution [29]. The same happens in environmental terms, i.e., needs are increasing and the requirements at the government level are aligned according to the terms of reference established by the UN. In this sense, the greatest current challenge is the SDGs; however, countries like Colombia do not recognise these needs and, therefore, ESD is not well known, even when universities or higher education institutions (HEIs) are considered major contributors in promoting environmental sustainability [30]. Latin America, in general, seems to have the same drawback, and most references to ESD are given in primary schools and by nongovernmental institutions or foundations [30]. However, there are a few approaches to ESD by universities [13].



Universities in Colombia, as in other places, add value to the regions where they are located because, in addition to generating a diaspora of cognitive growth, they contribute to the creation and improvement of links between companies and economic, environmental, social, and cultural managers. Therefore, it could be said that education, in general terms, seeks to give people the tools of validated knowledge to solve contemporary problems and to be dynamic, adaptive, and capable of leading us to generate new knowledge by promoting changes and improvements in society. In this sense, EE and ESD arise as a result of the historical context and the uncertainty of a future in social terms due to the existence of human species, which we have faced since the end of the 20th century. Universities are being forced to face these challenges by application of these two currents: EE and ESD.



Universities play a relevant role in solving the current socioenvironmental crisis; the environment requires preparing its members to face the challenges that come with it: climate change, the degradation of natural resources, territorial conflicts arising from the expansion of the agricultural frontier, the generation of solid waste, and the contamination of water sources, among many other issues [31]. Teaching and research must be the main agents of change based on responses to the problems and challenges of society, dealing with issues related to the environment in any type of educational context, such as responsible consumption, conservation of biodiversity, or the economy, among others. This leads to the promotion and strengthening of environmental education processes [31,32].



In line with these needs, some universities that are committed to the environmental issue have sought to create participation programs, implement environmental management systems such as EMAS or ISO 14001, as well as create environmental academic lines and undergraduate and postgraduate programs, among many other things [33]. Some bachelor and engineering degrees that are dedicated to the environment are gaining more and more spaces in universities; one of the most common ones in Latin America is environmental engineering, which is rich in curricular uncertainties that must be investigated in order to strengthen graduate students so that they can face the changing environment on a planet increasingly in need of solutions to its environmental problems [34].



In contrast, it has been noticed that higher education is not playing this important role, especially in Latin America, since the effect on students and graduates, in proenvironmental attitudes and solutions to environmental problems, is minimal [35]. The universities, therefore, must increase their efforts so that the environmental permeates all its spheres of action: teaching, research, operations, and social responsibility [19,36], acting in accordance with global guidelines on environmental education such as the Talloires Declaration of Bergen, Turin, the University Charter for sustainable development, and many others [36,37], as well as determining whether ESD is the correct way to achieve the SDGs [38].



Environmental engineering exists in almost all countries, but it is seen in different ways; in most developed countries, it is part of the formation of civil engineering programs, focusing mainly on basic sanitation [39,40]. However, it has been expanded to cover topics such as air, soil, water, and independent civil engineering programs called environmental engineering. However, the needs and skills of the environmental engineer increasingly require changes that involve interdisciplinary and global contexts [41]. This adaptation is evident in countries like Canada, the United States, and Japan, but in regions such as Latin America, it seems to be stagnant in sanitation issues; therefore, it lacks an identity as a profession or discipline [42,43].



Environmental engineering is growing and spreading rapidly among universities in developing countries [38], but since this profession is not too involved in global changes and context needs, it is not responding to the real need of the environment.



Environmental education is a very widespread term in daily life in Colombia, but little is done about it in several universities in Latin America, where there has been little research and what has already been done is conceptual and theoretical [44]. Most of the research is dedicated to evidencing the need to implement EE, demonstrating through questionnaires that there is environmental damage, and focusing on the attitude and disposition of the students [4].



One of the weaknesses of EE is that it has devoted itself to theory and explanation through short masterclasses, with little time and sporadically, which does not create a bridge between theory and practice; this delimits the behavior that finally has a positive effect on the environment [44,45].



At this point, it is important to conclude that, in Colombia, ESD is not formally seen or used by this name, but it is embedded in EE. In other words, within the actions that Colombia classifies as EE, many are actions and forms of ESD [46,47]. That is why in the development of this study, it is important to keep in mind that when EE is mentioned, it is not an ancient concept anchored solely to the generation of consciousness and a certain romantic sense. On the contrary, it is a concept that has evolved [48,49,50,51], where technical concepts are the support for decision-making in order to generate a change in consumer attitudes and responsibility towards the environment. It is usual to see EE generating spaces for educational transformation, with support from biology, physics, and economics [1,48,50,52], far from classic EE. This is not intended to erase some characteristics or criticisms of EE, such as the political inclination or the mandatory need to have physical contact with ecosystems in order to protect them, marked in “if I know it, I protect it”, among other criticisms [53,54]. In turn, its ESD counterpart also has criticisms, such as anthropocentrism [55,56].




3. Methodology


3.1. Review of the Environmental Engineering Curriculum


It was taken as a premise that the study plan is the materialization of the curriculum. It includes what is considered as valid knowledge and sets out the criteria of relevance and validity for the discipline, in addition to reflecting the interests of higher education institution [57]. It is important to highlight that Colombia has certain peculiarities, which give a different context to this research, since curricular reviews, updates of study plans, and the inclusion of innovative topics are unusual due to the lack of teachers or experts dedicated to these topics, especially in engineering programs [57,58]. In this sense, in general, it is taken as a basis that the curriculum in engineering programs in Colombia is a central tool, establishing itself as a guide in the structure and training of graduates [59]. Engineering degrees in Colombia usually last 5 years, distributed in 10 academic semesters.



For the methodological development of the study plan, public information was taken from a sample of 6 (n = 6) environmental engineering programs in Colombia, selecting universities that are recognized with high-quality accreditation by the Ministry of National Education. The academic courses or subjects were reviewed, as well as the existence of environmental education in the objectives proposed by each university for environmental engineering. Once the information was reviewed, it was corroborated with the students of these programs through surveys, verifying that EE is included in their training. The information provided by the students was compared with the curriculum to finally carry out a discussion about the training of these engineers in environmental education. Figure 1 shows the EE verification process in the training of environmental engineers in Colombia.




3.2. Collection of Curricular Data


A search was carried out for terms such as environmental education and education for sustainable development within the study plans, that is, to identify whether the terms were explicit within the study plan or there were courses with this name. Likewise, the public information on the web pages of the engineering programs was searched, and it was verified that there are some references to EE and ESD in the syllabus or contents of the environmental engineering programs.



Environmental engineering is currently offered in 46 universities in Colombia, but only 14 are accredited. Higher education institutions that hold high-quality accreditation indicate the quality in academic processes. To opt for such a title is voluntary and governed by law, it ensures that both universities and programs meet national and international standards [59]. From the total amount of accredited universities (n = 11) for the year 2019, a random sample of 6 (n = 6) universities was taken. This sample corresponds to 42% of the total, namely, Santo Tomás University, Libre University, El Bosque University, Boyacá University, Pedagogical and Technological University of Colombia, and La Salle University.




3.3. Surveys


To corroborate the analysis in the curricula or study plans, a survey was conducted in two universities of the general sample. From the Universidad del Bosque, 95 students were interviewed (n = 95), with 155 students from the Universidad Santo Tomás (n = 155). All of them were active students of environmental engineering programs. The rest of the universities either refused to participate or there was no official response. The questionnaire included 16 questions that are shown in Table 1. A confidence interval, according to Equation (1), and a standard normal distribution were used [60].


  p − e < π < p + e  



(1)







This formula allows the estimation of the proportion of students who meet a certain condition according to the survey questions. The value π represents the population proportion (what we want to estimate) and it is estimated by   p =  x n   , which corresponds to the sample proportion, where x is the number of successes in the sample and n the sample size. The value e represents the margin of error of the estimation, which is defined as   e = Z     p q  n    ;   the value of Z allows us to find the critical point for a confidence level 1-α.



The sample included 85.2% of students with ages between 18 and 22; 8.4% were between 23 and 29 and 6.4% were between 16 and 17 years old. On the other hand, 65.6% of the students were female and 34.4% male. In addition, 72% were studying from the third to the seventh semesters, 16% in the eighth and ninth semesters, and 12% were studying in the first and second semesters. It is important to take into account that higher education in Colombia is divided into semesters. In total, 100% of the surveyed students studied environmental engineering; from these, 38% studied at El Bosque University while 62% did so at the Santo Tomás University.





4. Results


4.1. Analysis of the Curricula


All courses from the curricula and from all semesters were analyzed; this analysis indicates which ones directly or indirectly address the principles of EE. In this sense, some courses were found where it is essential to use EE or ESD tools. For example, the waste management course, which is common in all environmental engineering programs. In this course, modules are connected through environmental education, i.e., with topics such as source reduction, sorting, reuse, recycling, and many other tools that seek to minimize the final disposal of solid waste. Other courses include EE or ESD tangentially through the teaching of ISO 14001 standards, which is also common in all the reviewed study plans. Some courses like environmental policy, ecology, and environmental impact are in this same line, but they only represent, on average, 5% of the courses in the study plans, with the environmental engineering program of the Pedagogical and Technological University of Colombia having the most representativeness, namely, 8% of subjects had courses dedicated to EE.



Only the Santo Tomás University offers an elective course dedicated exclusively to ESD. In contrast, particularities were found in the study plans that include courses exclusively dedicated to EE and its promotion. It is important to highlight that it is not very representative compared to the total; in this case, the Pedagogical and Technological University of Colombia also stands out with 4%.



Table 2 shows a summary of the quantitative analysis of academic spaces that directly or indirectly deal with EE structure. It is important to highlight that there is evidence of a disarticulation in the training process focused on promoting EE, but the homogeneity is remarkable among the programs of all the universities in the sample, which focus their subjects on attitudes typical of EE, especially the case of solid waste management.




4.2. Surveys


Most of the surveyed students considered that environmental education is part of their academic training. In addition, 38% of the students of the El Bosque University and 61.2% from Santo Tomás University agreed that they had been trained in EE. In the questions related to the content of the subjects that are associated with EE, 56.4% of the students of the Santo Tomás University answered that their course content incorporated topics of EE in contrast to 33.6% of the students of El Bosque University.



In the case of students in Semesters 6 to 10, it was observed that 20% of the students stated that environmental legislation incorporates EE topics, followed by environmental solutions (14.8%). In Environmental Management and Environmental Impact courses, 10.4% of students answered the same. In most of the subjects of the applied engineering area, EE topics were incorporated, but in different percentages.



Subjects in the area of basic engineering, which correspond to Semesters 4 to 6, incorporate EE topics: 30.8% of the students stated that the introduction to environmental engineering incorporates EE topics, followed by topics of ecology and microbiology with 18.8% of students each. In the subject of environmental economics, 11.6% of the students affirmed it. In the area of basic sciences, 6.4% of the students stated that in biology, EE topics were incorporated; in chemistry, 0.8% of the students stated that EE topics were incorporated.



In general, it is found that 94% of the students affirmed that in the applied engineering area, EE themes were used; 47.6% in basic engineering, 7.2% in basic sciences, 2% in electives, and 2% in all subjects. In addition, 70% of the students carried out environmental education activities. The activities in which the surveyed students, who carried out EE activities within the subjects, had participated are summarized in Table 3.



Among the community work activities that the students develop are waste collection, tree planting, cleaner production, talks in schools, colleges, and industries, application of the 3Rs (reduce, reuse, and recycle), waste management, reforestation, river cleaning, biogas generator, creation of tourist trails, and green markets. Among the personal activities are training, courses, forums, seminars, energy- and water-saving, construction of environmental education booklets, waste separation, calculating the carbon footprint of homes, environmental awareness, measuring water quality, debates, readings, and the study of wetlands. Likewise, research projects in which the students participated were environmental management plans and cleaner production at home.



In total, 52% of the surveyed students received training in EE strategies. Of these, 100% participated in extracurricular activities (application of SGDs, talks, conferences, forums, good practices, and workshops) and personal activities: 92.8% in subjects and 8.4% in complementary activities of the degree (3Rs management, field trips, resource optimization, risk analysis, investigation, the validity of environmental processes, and research). It is important to highlight this percentage value as it is an indicator of the tastes and needs of the students.



In addition, 98% of the surveyed students stated that it is important to obtain tools for the development of actions in EE, and 85% affirmed that the curriculum provides significant tools for the development of EE activities. Of the surveyed students, 90% would encourage other people to develop good environmental practices, 94% of the respondents would like to be part of the formulation and implementation of EE projects, 69% of those surveyed considered that they obtained tools for the development of EE activities in applied engineering subjects, 29% in basic engineering science subjects, and only 2% in basic science subjects.



Figure 2 describes that 95.2% of the surveyed students affirmed that EE must be part of the study plan; 59.6% from Santo Tomás University and 35.6% from El Bosque University. As random and independent samples were taken in each of the two universities studied, it can be affirmed with 95% confidence that between 89% and 94% of the students from El Bosque University have indicated the importance of a subject focusing on EE within the study plan, while in Santo Tomás University, this rate is between 93% and 99%.



On the other hand, the students indicated that environmental engineering programs lack tools that help them prepare and train in EE; 66% of the surveyed students affirmed that the program they were studying lacked tools to train them in EE, 62% from Santo Tomás University and 38% from El Bosque University.





5. Discussion


In all the cases reviewed in the sample, the study plan remains dedicated, in greater proportion, to issues related to basic sanitation, which responds to the country’s needs. This may indicate a delay in the process of updating the engineering curriculum. Therefore, the environmental engineering curricula in Colombia must change to adapt to the future characteristics of the country, where environmental engineering is not focused anymore on sanitation aspects, without neglecting it. More holistic aspects, such as environmental sustainability, must be addressed [53]. Colombia is among the Latin American countries with 97% potable water and sanitation coverage in urban areas, and it is expected to have 100% rural and urban coverage for both sectors by 2030 [61]. Therefore, environmental engineering must be directed towards an increasingly developed country, with more marked needs towards the protection of Colombia’s natural characteristics, especially biodiversity and water supply, since it ranks 17th in biodiversity and 3rd in water reserves in the world. Moreover, it owns 50% of the moors that the planet has, in addition to 53% of the territory of natural forests, among many other environmental riches.



It is important to highlight that although it is assumed that university students of environmental or ecological degrees have strong training or conviction towards environmental education, this is not common; this is corroborated by the surveys carried out [28]. In addition, a lack of teacher training in universities is inferred, since most of the teachers have been trained under the same scheme as their students, that is, with few notions of environmental education [62], which in turn, demonstrates the lack of support for higher education on environmental and sustainability issues. This makes it difficult for these places to become examples to be followed or used as a platform to achieve sustainable development goals [63].



Environmental engineering, like any other profession, must continually adapt to the challenges posed by the environment, especially this program that is born in modern times, where each decade represents unprecedented leaps in knowledge. This implies that it must evolve in line with the needs of the environment, but it seems that the processes of contamination and degradation of natural resources are overcoming [63]. In this situation, environmental engineers must not only respond from their technical base, which is their support and backbone, but from the ability to prevent pollution by promoting attitudes that generate awareness with the environment, seeking to conserve natural resources and its sustainability, generating synergies between the solution to a contamination process through techniques and mitigation in magnitude from environmental education. This seems to be clear to the students, but the curriculum has not responded adequately since most of the training in EE is done by self-management, that is, by the student’s search and not because the university provides the tools within the curriculum to achieve it. There is also a notorious disparity between universities, both those surveyed and those analyzed; some have a greater inclination towards EE without this being representative, while others have even less representation of EE in the curricula.



Therefore, the need arises to incorporate EE to a greater extent in environmental engineering study plans, making them more consistent with environmental problems. This need is reflected in the results of the surveys applied to environmental engineering students; they want to become engineers who prevent and not only mitigate environmental impacts. This knowledge of prevention is achieved with appropriate and proven tools, such as the case of EE. In addition to the fact that it is in Colombia, incorporating ESD also serves as a way to achieve sustainable development. It was clearly evident that the curricula of this profession do not respond to the needs and demands of their own students; therefore, it could be said that they are not fully relevant. It is necessary to clarify that this research is not intended to affirm that this engineering curriculum is not responding in its entirety to the needs of the environment or that it is not entirely pertinent, but, rather, it must incorporate environmental education as a transversal tool to all its learning processes, assimilating the example given above of the solid waste subject, which is taught in the same way in all universities.



In all universities, it is common to see the core or subjects of the institution as those that give the distinctive feature to the student who graduates from the university, as well as subjects and content that urge the student to be trained in vital aspects such as ethics and other factors inherent to their discipline that promote interdisciplinarity [64]. The same can occur with environmental education or with sustainable development by incorporating environmental education or sustainable development in the syllabus [65]. This would not only respond to the needs of the students, but each subject would be aligned with policies such as the 2030 agenda and SDGs [66].



Another alternative is the inclusion, within the curriculum, of a subject such as environmental education or education for sustainable development. In this case, there is evidence of the success of this proposal in civil and environmental engineering in the University of Colorado, USA, where a sustainability subject that led students to have a broader environmental perspective was incorporated. This subject affected the students’ concept of its importance in civil and environmental engineering [67].




6. Conclusions


Environmental engineering curricula in Colombia are not appropriate for the future needs of the environment nor for the current demands of the students, especially in environmental education. While students and the country goals indicate the need for an environmental engineer that knows and manages strategies in this regard, the curricula in Colombia incorporated only 5% (on average) of these aspects. Therefore, the way forward is for environmental engineering to be updated so that its curriculum responds not only to student needs but also to global environmental challenges and aligns with initiatives such as the sustainable development goals proposed by the UN. In this sense, it was possible to identify that students see the need for a course focused on environmental education in both analyzed universities. Between 89% and 94% of students from El Bosque University and between 93% and 99% of students from Santo Tomás University determined that there is a need for this course.



To meet these needs, universities have to train, learn, and know about environmental education. Students have been using extracurricular strategies because they do not find another solution within the environmental engineering curriculum. Therefore, it was observed that 52% of students participating in the survey received training in EE strategies, and all of them participated in extracurricular activities, highlighting the self-management activities of 28.06% of those surveyed. Among the activities that were most frequently used by students are the 3Rs (reduce, reuse, and recycle) and readings, among others.



With the survey, it was possible to identify valuable contributions of the curricula and that many subject areas trained their students in proenvironmental attitudes within the framework of environmental education, especially the subjects that correspond to higher levels, that is, the area of applied engineering. However, it was observed that in the subjects of the area of basic sciences (biology, mathematics, calculus, physics, and chemistry), it is necessary to implement content related to environmental education.



It is important to continue research on environmental education in environmental engineering and to streamline the curricular update to make it relevant for Colombia to be a contributor to the sustainable development process in which it is framed. The constant evaluation and curricular self-evaluation of this engineering program will generate people with greater knowledge and holistic views that promote adequate management of natural resources. In these processes, universities must observe the progress that the country is making in aspects that are typically addressed by environmental engineers, such as water treatment and basic sanitation, and explore aspects such as sustainable infrastructure, air pollution, and technological development with the support of environmental education.
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Figure 1. Verification methodology of environmental education (EE) in environmental engineering in Colombia. 
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Figure 2. Environmental engineering students who stated the need to have the environmental education (EE) subject within the curriculum. 
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Table 1. Questionnaire for environmental engineering students around EE.
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	Q1
	I think that environmental education is part of the training of an environmental engineer
	Q9
	Within your academic engineering training, you have been trained or oriented in environmental education strategies



	Q2
	I think I am trained under the precepts of environmental education
	Q10
	Indicate the type of training



	Q3
	In which academic courses do you consider that you are trained in environmental education?
	Q11
	I think that within the field of action of the environmental engineer it is important to obtain tools to develop environmental education actions



	Q4
	I have taken subjects that incorporate environmental education themes into their content
	Q12
	I consider that the curriculum or study plan of environmental engineering provides significant tools to develop environmental education activities



	Q5
	I have carried out environmental education activities
	Q13
	You promote the development of good environmental practices in other people



	Q6
	Indicate in which courses you have carried out the activities
	Q14
	I would like to be part of the formulation and implementation of environmental education projects



	Q7
	Sometimes, outside academic training activities, you have been trained or oriented in environmental education strategies
	Q15
	From the following training areas of the environmental engineering program, indicate those in which you consider that you obtain tools for the development of environmental education activities:

Basic Sciences, Basic Sciences of Environmental Engineering, Applied Environmental Engineering, Other



	Q8
	Indicate in which academic activities were you trained in EE
	Q16
	I think it is important that the curriculum of an environmental engineering program includes a subject focused on environmental education
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Table 2. Analysis of the academic load designated to EE in the environmental engineering programs of the sample.
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University Offering Environmental Engineering

	
Academic Spaces with a Focus on EE or ESD

	
Academic Credits Focus on EE or ESD

	
% of Courses Focus on EE or ESD

	
Exclusive Courses for EE

	
Exclusive Courses for ESD






	
1

	
Universidad Santo Tomás

	
3

	
12

	
5%

	
0

	
1




	
2

	
Universidad El Bosque

	
5

	
15

	
6%

	
1

	
0




	
3

	
Universidad Pedagógica y Tecnológica de Colombia

	
4

	
12

	
8%

	
2

	
0




	
4

	
Universidad Libre

	
2

	
6

	
3%

	
0

	
0




	
5

	
Universidad de Boyacá

	
3

	
12

	
5%

	
1

	
0




	
6

	
Universidad de la Salle

	
3

	
12

	
5%

	
1

	
0
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Table 3. EE activities that students do in environmental engineering subjects.
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	Activities
	Percentage





	Community work
	56%



	Personal activities
	29%



	Research projects
	6%



	Field trips
	8%
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