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ABSTRACT

The United Nations 2030 plan establishes the incorporation of the Sustainable Development
Goals (SDGs) as a multidisciplinary focus for training new specialized human resources. In engi-
neering, the SDGs have been integrated into the curriculum as optional subjects. In this report,
we present an investigation into implementing the SDGs in a Biomimicry and Sustainability
course offered during the spring and fall semesters of 2022, with 194 students divided into six
groups. Using challenge-based learning, students proposed utilizing wind or solar resources
to generate electricity in a selected region. They were asked to conduct extensive research and
precise engineering calculations to ensure the viability of their alternative energy sources.
Additionally, each group had to select three or more SDGs that best aligned with their proposal,
justifying their choices. The evaluation of the reports was based on rubrics and checklists that
assessed the integrity of their argumentation and the adequacy of the report components. Most
students chose SDGs 7, 11, and 13. In an anonymous survey, students expressed that incorpo-
rating the SDGs into the assignment significantly enhanced the importance of their learning
experience. We recommend that other educators follow suit and incorporate the SDGs into
their students’ projects or proposals, irrespective of whether their institution has a sustain-
ability plan, aiming to transform sustainability into a competency rather than a fixed concept.

KEYWORDS
educational innovation, higher education, STEM, education for sustainability, challenge-
based learning

1  INTRODUCTION

In 2015, the United Nations, as a part of the 2030 Agenda for Sustainable
Development, adopted 17 global goals as Sustainable Development Goals (SDGs).
The SDGs aim to promote sustainable development by addressing the root causes
of poverty, inequality, and environmental degradation. They also aim to foster eco-
nomic growth, social inclusion, and environmental sustainability in a balanced and
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integrated manner [1]. Incorporating the SDGs into education can help educators
guide students in developing an understanding of the intricate interconnections
among social, economic, and environmental systems. This understanding can illu-
minate how these systems interact to influence the future of our planet [2], [3]. The
SDGs can also inspire and motivate students to take action to address sustainability
challenges in their own lives and communities, empowering them to become agents
of positive change in the world [4].

1.1 Education for sustainable development

Education for Sustainable Development (ESD) is an approach to teaching and
learning that promotes the values, knowledge, and skills needed to create a more sus-
tainable and equitable world [5], [6]. ESD can take many forms, including formal and
informal education, experiential learning, community engagement, and interdisci-
plinary research [7-11]. ESD is a key instrument for achieving the SDGs [12]. The SDGs
are crucial for ESD because they offer a globally recognized framework for tackling
the most urgent sustainability challenges on our planet [13], [14]. They provide a com-
mon language and a set of goals for stakeholders across various sectors and regions
[15]. The SDGs are an essential and valuable tool for ESD, offering a compelling vision
for building a more sustainable, equitable, and resilient world for all. In this line, it
has been proven that including SDGs in university courses is part of higher education
institutions’ (HEIs) strategies for achieving sustainability with positive outcomes [16],
even though it is a crucial step for engaging in sustainability rankings [17].

Teaching has the greatest potential for incorporating ESD into HEIs [18]. It is con-
sidered one of the main areas contributing to the achievement of the SDGs. It has
been reported that teachers must share their experiences of curriculum redesign and
incorporating the SDGs into curricula with their colleagues. Of course, incorporating
the SDGs is not easy, and each institution presents different challenges. In the study
[19] on the integration of the SDGs for the fulfillment of the 2030 agenda in public
universities in Colombia, a stronger institutional commitment to sustainable devel-
opment is observed in universities with high-quality accreditation. Organizational
structure and resource allocation were identified as the primary barriers to the
process. Other barriers identified included a lack of awareness and knowledge of
the subject, as well as a deficiency in practical orientation and theoretical founda-
tion for its implementation. However, the absence of official accreditation for pro-
fessors in the subject does not preclude them from sharing knowledge and concerns
about sustainability issues with students [20]. In this way, teachers and students can
reflect on and learn about this issue that concerns everyone.

1.2 The potential of biomimicry as a framework for sustainable development

Biomimicry has been defined as the process of learning from and emulating
nature to solve problems, more commonly engineering problems [21]. It has been
employed in various fields such as construction, aerospace, chemistry, materials sci-
ence, engineering science, technology, physics, computer science, polymer science,
biochemistry, molecular biology, and social sciences, impacting the global commu-
nity [22-26]. Biomimicry is an innovative approach to sustainable development that
seeks inspiration from nature to solve human problems [27]. This approach involves
emulating nature’s patterns and strategies to develop sustainable solutions to social,
economic, and environmental issues [28], [29].
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The concept of biomimicry as a sustainable framework is not new, but it has
been recently utilized to develop various sustainable competencies. [30] examined
how biomimicry, which mimics nature to solve human problems, can contribute
to sustainability. They explored different types of biomimicry and the basic ideas
about sustainability, nature, and imitation (mimesis) to show how biomimicry holds
promise for addressing environmental challenges.They also suggested a possible
direction for further theorizing its application to sustainability challenges. It con-
sists of a quadrant with two axes. The horizontal axes categorize the biomimicry
actions based on their objectives, such as innovation, net zero optimization, soci-
etal transformation, or biosynergy. The vertical axis categorizes actions based on
whether they are fixed or flexible. This is whether nature plays a passive or active
role, respectively. However, an educational approach is not discussed.

Studies have indicated the importance of researching biomimicry pilot projects
that can bridge the gap between academia and industry [31]. These projects can help
identify potential opportunities and applications for implementing and testing bio-
mimicry concepts in infrastructure assets and networks at various levels, including
form, process, and system. In this regard, the applications could range from infra-
structure to social well-being [32].

Here, we introduce the SDGs into the biomimicry for sustainability framework,
as depicted in Figure 1, following the research of [33-35].

Clarification ’ Implementation ‘ | Transformation |
Biomimicry and Exploring the SDGs to Development of
sustainability course make connections between competencies (i.e., system
investigations of place and thinking)

l globalli'ssues +

» » Future impact (i.e., SDGs
Challenge Cognitive, socioemotional, and sustainability
and behavioral domains awareness)
1 ] %
Sustainable Evaluations (i.e., reports Thinking and affective
development goals thematic analysis) skills

Fig. 1. The scheme of the use of biomimicry as a framework for sustainable
development was implemented in this study [33-35]

As a framework designed for the educational sector, specifically for higher edu-
cation courses, this approach begins with identifying a problem and incorporat-
ing biomimicry and SDG content. The subsequent step involves implementing the
activity and evaluating it based on the domains related to the SDGs, which include
knowledge and actions. We hope this method will transform students by developing
cognitive and affective skills, competencies, and a deep understanding of the SDGs
and sustainability principles, which they can implement in their future endeavors.

1.3 The biomimicry and sustainability (B&S) course

The B&S interdisciplinary course at Tecnoldgico de Monterrey explores how
natural principles can be applied to design sustainable solutions to environmen-
tal problems [36]. The course typically integrates concepts from biology, ecology,
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engineering, and design and encourages students to utilize a systems-thinking
approach to problem-solving. It aims to prepare students to become innovative and
responsible leaders who can contribute to a more sustainable future by using nature
as a guide for design and problem-solving. B&S is a basic-level exploratory course
where students will learn about the functional mechanisms and processes that bio-
logical systems implement in nature. The course focuses on identifying strategies
that enable innovation and technological development, with an emphasis on sus-
tainability. The fundamental principles of science, mathematics, physics, chemistry,
and biology are essential for understanding and developing theoretical models that
explain the behavior and functioning of chemical and biological systems.

As a result of learning, students must demonstrate their understanding of the
principles of sustainability by solving problems and identifying the dimensions of
sustainable development, as well as recognizing the indicators and principles of
sustainability. The course is 16 weeks long, and the competency assessment is con-
ducted using rubrics and checklists. At the end of the course, students must achieve
the following sub-competencies:

— Solve problems and answer questions about reality using objective, valid, and
reliable methodologies.

— Create communicative discourses utilizing various codes (visual, auditory, archi-
tectural, spatial, graphic, etc.) that take into account geopolitical and sociocul-
tural contexts.

— Utilizes digital technologies, employing deliberate strategies to create value
in different spheres for professional and personal engagement in the net-
worked society.

— Explain the functioning of chemical and biological systems through structured
and coherent arguments based on concepts, theories, and principles of the natu-
ral sciences, mathematics, and computing.

— Apply sustainability principles to solve bioengineering problems and chemical
processes, ensuring the well-being of future generations.

The integration of the SDGs into the course content of a B&S course can be an
opportunity to encourage students to think critically about how B&S design can con-
tribute to achieving these goals [12].

1.4 Justification of this work

In April 2021, Tecnoldgico de Monterrey launched the 2025 Sustainability and
Climate Change Plan [37]. With this plan, Tecnoldgico de Monterrey aims to enhance
the culture of sustainability, encouraging everyone in the community to commit to
contributing to institutional goals and embodying this culture in various aspects of
our lives. The plan comprises six strategies: culture, mitigation, adaptation, educa-
tion, research, and linkage. Each axis has a mission and one or more objectives for
2025 [37]. The mission of the education strategy is to train leaders who are dedicated
to creating a sustainable future. The objective is to integrate climate change and sus-
tainable development education into the upcoming professional curricula.

This work aims to share the strategies employed to incorporate the SDGs into
the B&S course and address the research question: How does integrating the SDGs
enrich the B&S course? This work aims to accelerate and enhance locally relevant
ESD by providing examples of successes and failures that could strengthen the pro-
fessional development of educators worldwide [38].
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To move beyond merely describing the case study, we attempted to analyze the
practice [39] by comparing the outcomes of the pedagogical approach used with the
cognitive, socio-emotional, and behavioral aspects of the SDGs learning objectives [12]:

Cognitive: knowledge and thinking skills necessary to better understand the SDG
and the challenges in achieving it.

— Socio-emotional skills encompass the ability to collaborate, negotiate, and commu-
nicate to advance the SDGs. Additionally, they include self-reflection skills, values,
attitudes, and motivations that support learners in their personal development.

— Behavioral: actions and competencies.

2 METHODOLOGY
2.1 Pedagogical strategy

The present study was conducted as a case study, as this methodology has been
deemed appropriate in studies of ESD in higher education [39]. The pedagogi-
cal approach used in this work was a derivative of the challenge-based learning
approach called “Judge Better or Best,” where students evaluate two or more options
to determine which best meets the identified criteria [40]. The teaching style accom-
panying the pedagogical strategy was active learning, fostering critical thinking, cre-
ativity, and transformative learning [40].

The activity known as “energy harvesting” is conducted on this subject. In this proj-
ect, the student must propose the use of wind or solar resources to generate electricity
in a specific locality and various buildings. In this case, the biomimetic element was
designed to harness wind and solar energies, but this framework can also accommo-
date other activities. The proposal is individual, corresponds to one of the two pieces
of evidence for evaluating sub-competences, and accounts for 26% of the final score.
In the proposal, students must provide technical information about the selected site
and the availability of solar and wind resources. They must justify why their proposal
leverages a specific resource by explaining the technical aspects of the resource to be
utilized and its positive and negative impacts on the three dimensions of sustainable
development (economic, social, and environmental). Students must select three SDGs
and their respective targets that most align with their proposal and justify their choice.

During the class sessions, students were provided with the necessary information
to create the proposal. Additional advice was available upon request, and students
had three weeks to prepare it. They were provided with a format to present all their
research information in a complete and orderly manner. The objective of providing
the format is to emphasize important aspects such as selecting the SDGs and targets
that align best with the proposal, as well as justifying this selection, without being
distracted by the presentation of the information.

To incorporate the SDGs, students must engage in a deliberate process that neces-
sitates a comprehensive understanding of the goals and their relevance to the proj-
ect content [41]. First, resources were provided for students to learn more about the
SDGs, including links to relevant websites and discussions about the SDGs and their
relevance to the course content. Students had to review the 17 goals and their tar-
gets to understand their objectives and interrelationships. After this, students had to
identify at least three SDGs most relevant to the project content, considering the local
context and the most relevant SDGs to the chosen region. Once the relevant SDGs
were identified, the next step was to incorporate them into the project outcomes and
integrate how the project could address a specific SDG into the final report.
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2.2 Sample

B&S is a general course offered by the School of Engineering and Sciences.
Students from the first to the fifth semesters can take the class. This report is based
on the implementation of IT during the Spring and Fall terms of 2022. Three courses
were taught in the spring term, and three were taught in the fall term. A total of 196
students participated in these B&S courses.

2.3 Data collection

The data was obtained from the students’ reports. We collected demographic infor-
mation such as career field, technological proficiency, gender, academic level, group
affiliation, the SDGs selected by the student, and the scores obtained in the report.

We also wanted to investigate how the SDGs influenced student engagement and
learning outcomes, whether the SDGs enhanced students’ motivation to learn, and
whether the SDGs improved students’ comprehension of sustainability issues. For
this study, we observed students engaging with course materials related to the SDGs
and participating in an anonymous and optional survey. We inquire about the fol-
lowing from students: 1) their experiences with the course materials related to the
SDGs; 2) how the SDGs have influenced their learning; and 3) whether they have
experienced an increase in motivation to learn. The Google Forms platform pro-
vided an open-ended, anonymous, and optional survey.

2.4 Data analysis

Through content analysis, we assessed the scope of project coverage related to
the SDGs, identified the SDGs that receive the most extensive coverage, and deter-
mined which SDGs are not covered at all [42]. The assignments were analyzed by
developing a coding scheme to investigate the extent to which SDGs were covered
in the projects.

With qualitative analysis, we identified themes and patterns related to the impact
of SDG inclusion on student engagement and learning outcomes [43]. Participant
observation and feedback provided valuable insights into student behavior, interac-
tions, and engagement [44]. We calculated the frequency with which each SDG was
covered, comparing the extent of coverage across different SDGs and identifying
any data patterns or trends. A statistical analysis was performed to determine any
correlations among the data. By using a combination of methods, we could gain a
comprehensive understanding of how SDG inclusion is impacting student engage-
ment and learning outcomes.

From the collected data, contingency tables were constructed considering the
categorical variables (avenue, technology, gender, academic level, group, SDG
option #1, SDG option #2, SDG option #3) and the discrete variable: scores. For this
last variable, the values were grouped into the following four categories: incipient
(scores < 70, 70 < scores < 80, 80 < scores < 90, 90 < scores < 100). A chi-square test
for association examined the relationship between variables using a significance
level of 5% [45]. As a null hypothesis, it was stated that the two variables were inde-
pendent, while the alternative hypothesis was that the variables were associated.
A simple correspondence analysis was performed using the software Minitab® 21.1
[46] to explore the relationship between the pair of variables showing association.
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Regarding the Google Forms survey, students’ answers were coded using an
inductive approach to identify themes from the data [47]. Code analysis was con-
ducted manually [48].

3  RESULTS AND DISCUSSION

Higher education plays a crucial role in achieving the SDGs. It is considered
that none of the SDGs can be met without the intervention of the education sector.
Therefore, it is necessary to equip students with sufficient knowledge, skills, and moti-
vation to understand and address these goals. Additionally, provide academic expe-
rience to implement solutions to achieve the SDGs [49]. This requires universities to
integrate sustainability into all aspects of the educational institution [50]. It includes
rethinking curricula, campus functions, organizational culture, student engagement,
leadership and management, community relations, and research [51], [52]. This
aligns with the 2025 Sustainability and Climate Change Plan, in which Tecnoldgico
assumed the following commitment: to achieve carbon neutrality by 2040 [37].

In this regard, we have been actively involved in developing pedagogical strat-
egies to incorporate the SDGs into course curricula. This initiative aims to equip
students with the necessary skills to become global citizens capable of contributing
to the realization of a sustainable future. To address this issue, various approaches
have been implemented, including conducting awareness and training sessions for
faculty members, students, and other stakeholders about the SDGs and their signifi-
cance in higher education [53]. In this work, we present the results of a pedagogical
strategy designed to be implemented in the B&S course.

In this work, a total of 196 projects were completed by students enrolled in the
B&S courses in 2022. Two students did not complete the assignment based on these
works, and those incomplete assignments were not considered for further analysis.
Thus, only 194 works will be considered from here. Table 1 displays the sample dis-
tribution based on several variables.

Table 1. Study population distribution

Variables Frequency (€]
Gender
Female 86 44%
Male 108 56%
Term
Spring 98 51%
Fall 96 49%
Group

32 16%
2 35 18%
3 31 16%
4 31 16%
5 33 17%
6 32 16%
(Continued)
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Table 1. Study population distribution (Continued)

Variables Frequency (%)
Career avenue
Innovation and transformation 47 26%
Business 38 21%
Bioengineering and chemical processes 24 13%
Built environment 19 11%
Applied sciences 15 8%
Creative studies 14 8%
Computing and Information Technologies 14 8%
Law, Economics, and International Relations 14 8%
Health 9 5%
Academic level
Year 1 91 47%
Year 2 72 37%
Year 3 31 16%

For the data analysis, we selected the initial technology chosen and the first three
SDGs listed in the report, if applicable. From the documents delivered, 14.43% chose
wind technology, and 85.57% chose solar technology. Figure 2 illustrates the distri-
bution of regions chosen by students for the implementation of wind or solar tech-
nology based on the characteristics of the location.

A) u Mexico [ Others

Republica Dominicana
Panama

Honduras

Bolivia

El Salvado
Ecuador
Colombia

B) = Nuevo Leon [Others

Coahuila
Sinaloa
Sonora

Baja California
Tamaulipas
Chihuahua
Guanajuato

Q) m Monterrey [JOthers

San Pedro
San Nicolas
Apodaca
Santa Catarina
Cadereyta
Guadalupe
Santiago

Fig. 2. Distribution of the regions selected in the “Energy Harvesting” project delivered by the students
of the B&S course during 2022 to implement wind or solar technology, according to the place characteristics
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As observed, only 31% of the total documents were considered by the students to
be applicable in the city where they took the class (Monterrey, Nuevo Leon, Mexico).
Nevertheless, the rest were distributed throughout the state, the country, and some
in other Latin American countries.

In Figure 3, there is a list of the types of real state (RS) categories in which the
selected buildings were classified. As observed, more than half of the students
chose a single house or department to propose the implementation of the selected
technology.

Land (property, country house) Entertainment (cinema, club, Cultural and religious spaces
(1.55%) stadium) (2.06%) (centers, church) (2.06%)

3 4 4

3
2
| . z
1 1 1 1
I II 11 1 1 1 1
123 4 67 8 9101112 131516 123 4 67 8 810 1112 131516 123 4 678 9101112 131518

Housing Development (suburb,

sekvices: (Hospital, hotet) (3.00%) multifamily, residences) (5.15%)

Rural community (5.67%)

6 6 11
10

7 7
3
2 4
3

1 2 2

| 1 1-1 It 1-1 1-1 1

{ L 1 _||l.| [} e LR I

123 467 8 8101112131516 123 4 67 8 910 1112 131516 123 4 67 8 9101112 1315186

Commercial small (office, small Infrastructure (parks, roads, Inhabitation (house, department,
businesses) (8.25%) airports) (11.34%) lodgings) (49.48%)

16 22 93
76

11
- .

27
! I

1234 678 9101112131516

3|1 all? s .
1. 10 0. ' 12

3
11 1
na [

123 467 8 910111213 1516 1 23 4678 910 1112131516

Fig. 3. Distribution of the types of buildings (real estate) selected by the students for the “Energy Harvesting” activity in the B&S course (n = 194),
showing the frequency of the selected SDGs. SDGs #5 (Gender Equality and Women’s Empowerment),
#14 (Life Below Water), and #17 (Partnerships for the Goals) were not selected by any student
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Although each proposal is unique, most students agree on the sustainable devel-
opment goals included in these proposals. Most students (n = 187) selected goal
#7, “Affordable and clean energy.” The second place was obtained by Goal #11,
“Sustainable Cities and Communities” (n = 134), and the third place was Goal #13,
“Climate Actions” (n = 113). Those who proposed homes or commercial buildings
also ranked SDG #12, “Responsible production and consumption,” in fourth place. On
the other hand, SDG #1, “No poverty,” tends to be featured in proposals for utilizing
resources in rural areas that currently lack electricity. SDG #4, “Quality education,” is
closelyrelated to educational initiatives. The selection of the least frequently occurring
SDGs (#2, “Zero Hunger,” #6, “Clean Water and Sanitation,” and #16, “Peace, Justice,
and Strong Institutions”) depended not on the type of place selected in the proposal
but on a broader and deeper analysis that the student conducted for his proposal.

Table 2 shows the results of the chi-test association between the sets of two vari-
ables, looking for a significant association below a significant level of 5%.

JJEP [ Vol. 14 No. 3 (2024)
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Table 2. Results of the chi-square test for association between variables pairs of the B&S courses

Variable 1 Variable 2 p-Value Association
Career Avenue Scores - Undetermined
Career Avenue Technology 0.779 No association
Gender Scores 0.124 No association
Academic level Scores 0.093 No association
Group Scores 0.197 No association
Technology Scores 0.605 No association
Technology Group 0.001 Association
Technology SDG1 = Undetermined
Technology SDG2 - Undetermined
Technology SDG3 = Undetermined
Scores SDG1 - Undetermined
Scores SDG2 = Undetermined
Scores SDG3 - Undetermined

Some association tests were inconclusive because the expected counts for the con-
tingency tables were less than 1. Hence, the test is invalid [46], [54]. Most associations
were insignificant, except for the detected association between technology and group.
The six groups predominantly selected the option “solar.” Under this panorama, it
can be said that the variables of gender, academic level, group, and technology, do
not influence scores. This reflects the independence of the scores and the absence of
bias. It is challenging to establish from the current results whether there is a correla-
tion between the technologies used and the types of SDGs chosen by students as their
top three preferences and if the selected SDGs are related to the scores achieved.

After conducting content analysis, student observation, and collecting feedback
on the impact of including SDGs in the B&S course, the results were analyzed. As
a result of observations, it was noted that students showed a high level of inter-
est and engagement in the topic. The students’ opinions indicated that they were
highly engaged in understanding and applying the SDGs, suggesting that the activity
motivated them to learn. Only 81 optional survey answers were received. A total of
37 codes are displayed as a word cloud in Figure 4.

=% com petency

uuuuu

eeeeee

awareness

|Ut|0 e applicability
CO n§C|OU SNEesS -utiity
o deepen

5 enjoyable
focus re a I Ity Ir?;];gg%e.t
interest . I e arnln g
career ... importance

Fig. 4. Word cloud of inductive codes assigned to the students’ answers to the optional survey about their opinion
of the SDGs implementation in the B&S course (The size of the letter represents the number of repeated codes)
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These codes were grouped into more general inductive categories, as shown in

Table 3. This table shows the practical implications of including the SDGs in a B&S
course (or any course).

Table 3. Inductive categories from the qualitative content analysis of the feedback survey regarding the inclusion of SDGs in the B&S course

U E
Category

Second
Order Category

Examples of Student’s Statements

Transformative Implications

Learning Motivation 19 | “It has made me reflect on their importance and Including the SDGs in the B&S project
engagement impact in other areas.” motivates students to learn more about topics
“It has motivated me to know specific topics that they may not have been aware of before.
catch my attention.” It increases their interest, attention, and
curiosity, making learning more enjoyable.
Commitment 5 | “Iwant to dedicate my professional life to Including the theme of the SDGs in a B&S
supporting the fulfillment of the SDGs in some way.” | course allows students to connect their goals
“In the future, I want to make a positive impact.” and careers, generating a commitment to
achieve them in their future jobs.
Learning Pertinence 20 | “Focusing the SDGs on a subject is useful and Students learn relevant content to focus on
significance necessary to understand how they should be the knowledge acquired in their careers.
reflected in some work.”
“The interactions with the course materials have
given me more knowledge on applying these
objectives in different areas.”
Recognition 23 | “It made me more aware that we must actively Students recognize the importance of the
work to achieve ODSs.” SDGs and the actions to achieve them,
“It helped me give a more transcendental sense generating an awareness of current problems
to the topics seen in class and helped me to learn and that they must work to solve them so
more to achieve the objectives in the future.” that learning becomes transcendent.
Actuality 21 | “Not many people know the ODSs, so I think including | The learning obtained considers real and
them and relating them to today’s environmental and | current problems. Allowing students to
social problems is very important.” generate solutions and impact strategies to
“It gave me a baseline to want to improve my these problems makes learning more sense.
processes in the company I work for the common
good with a clear objective.”
Learning Culture 7 | “It lets us know more about our reality and The introduction of the SDGs in subjects such
competencies encourages us to seek solutions based on our as B&S allows the practice of competence
values and knowledge.” that involves skills, attitudes, and values in
“ODSs are not being fulfilled as planned. This addition to knowledge, which can generate
motivates me to study and learn to find accessible | lasting change.
solutions that can make a change.”
Self-efficacy 15 | “I'want to know what steps the UN is taking to meet | By being motivated to learn, students develop
those goals.” skills to learn more independently. They can
“IT'have come to know ODSs more thoroughly, develop skills such as analyzing information,
understand them, and begin to relate them to ideas | researching, or planning to learn more about
and topics that I did not know hefore.” the knowledge gained in the class and its
application.
Moral 8 | “Now, [ know that my learning is also focused Students recognize their role as actors
assimilation on the human part.” of change in society. It allows them to
“It motivated me to do something that benefits understand how to apply their career
others and myself.” knowledge and act for the common good.

Note: N =number of codes grouped in each category.

Some students had already been introduced to the SDGs in previous classes

during their academic career or in high school. The greatest impact was on those stu-
dents who were first-time or in careers where they had not seen all the SDGs, such

14 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 3 (2024)


https://online-journals.org/index.php/i-jep

iJEP | Vol. 14 No. 3 (2024)

Creating Sustainable Competencies in Engineering Through Biomimetics Courses

as in music or medicine: “It has been very relevant, especially for the career I have,
since there is no course that specifically helps you understand the importance of
these objectives applied to health.”

In the students’ feedback, negative outcomes were found (n = 16). For example,
some students mentioned that including SDGs in the course was redundant. These
answers were neutral or negative: “They have not had any impact on the things
I learn,” and “I think sometimes they make certain topics repeat within various
subjects, which can be tedious.” Ultimately, we received more positive responses.
However, this type of response motivates us to enhance the approach through which
the SDGs are integrated, making it engaging for individuals, irrespective of their
prior exposure to the subject in other courses. Moreover, engage them by empha-
sizing their importance and reiterating that, as future professionals, they must take
action to achieve the objectives.

4  DISCUSSION

The results observed in this study are consistent with other research on selecting
SDGs for university assignments. In McLean et al. [55], students utilized systems and
design thinking, focusing on SDG13 (climate action) along with a second SDG of their
choice, to develop a deliverable “product” for a specific audience. This work was
carried out over five years in a medical program. The authors concluded that engage-
ment with planetary health enhances competencies, attitudes, and values. In their
feedback, students reported personal and professional development in terms of their
awareness of the environment as a determinant of health and their responsibility to
“take action” on climate change [55]. Including the SDGs in the curriculum provided
a more favorable approach to integrating sustainability into the business school [56].
In other words, the SDGs have been included in biomimicry activities, with a part of
the student’s score dependent on whether the project aligns with any SDGs. However,
the implication has not been studied [57]. On the other hand, the positive results may
have been attributed to the B&S course itself. In other studies, it has been found that
the biomimicry class stimulates curiosity and motivation, making learning an active
and enjoyable experience. On the other hand, research has shown that students often
make unnecessary connections and struggle to involve all participants [58].

In addressing the research question, how does incorporating the SDGs enrich the
B&S course? The “Harvesting Energy” project was beneficial in achieving the cogni-
tive, socio-emotional, and behavioral objectives of the SDGs [12]. The study highlights
the relevance and importance of equipping students with the skills and knowledge
necessary to tackle global challenges. This study emphasizes the need for ongoing
assessment of the influence of SDG integration on student engagement and learn-
ing outcomes to guarantee that the curriculum aligns with its objectives. Because
broader sustainability practices within biomimicry remain largely unaddressed, bio-
mimicry educators are leading the way towards a more nature-inspired and biologi-
cally more nature-inspired. All biomimicry educators and facilitators should commit
to always including an explicit sustainability approach within their pedagogy [59].

4.1 Implications of this work
This work explores the implementation of a framework that integrates the activ-

ities of the B&S class with sustainable development objectives. This framework
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presents a challenge or problem for students to work on, aiming to develop their
skills and raise awareness about sustainability. It fosters skills like systemic thinking
among students from the first to the sixth semester across various disciplines (refer
to Table 3 for evidence).

Complex systems thinking is one of the key competencies for sustainability. It
refers to recognizing and understanding relationships, analyzing complex systems,
considering how they fit into different domains and scales, and addressing uncer-
tainty [12]. Furthermore, critical thinking, self-awareness, and integrated problem-
solving skills are crucial for achieving sustainable development goals [12].

It is proposed that the framework presented in the bibliographic review of this
work can be applied to other interdisciplinary courses. Students can learn about the
SDGs by integrating them with the knowledge they have acquired. Consequently,
they can apply this knowledge to their professional work. The objective of this strat-
egy is to develop transversal competencies rather than view the concept as static.
Implementing strategies to accomplish the SDGs is crucial for the future.

4.2 Limitations of the study and suggestions for future research

Integrating SDGs into higher education curricula is becoming increasingly
important, as students play a critical role in achieving these goals. However, sev-
eral challenges and trends must be addressed to effectively integrate the SDGs into
higher education curricula.

Many educators, stakeholders [60], and students are unaware of the SDGs and
their relevance to higher education. Educators may lack an understanding of the
importance of the SDGs in their field, and students may not see the relevance of the
SDGs to their coursework. Integrating the SDGs across disciplines and curricula can
help students better understand the interconnectedness of environmental, social,
and economic issues. This can be accomplished by:

1. Encouraging collaboration among stakeholders, such as faculty members, stu-
dents, and community members, can help ensure the integration of the SDGs
across higher education curricula.

2. Adopting innovative pedagogical approaches, such as experiential learning,
problem-based learning, and service learning, can help integrate the SDGs.

3. Developing appropriate assessment methods to measure the impact of integrat-
ing the SDGs into higher education curricula.

On the other hand, few or no students selected SDG #2 (Zero Hunger), #5 (Gender
Equality), #6 (Clean Water and Sanitation), #14 (Life Below Water), #16 (Peace,
Justice, and Strong Institutions), and #17 (Partnerships to Achieve the Goals). It is
suggested to develop new projects, both within this subject and others, to enable stu-
dents to propose projects that are in line with these objectives. In this regard, other
pedagogical approaches that utilize information and communications technologies
[61] and methodologies, such as blended learning [62], could be utilized.

5 CONCLUSION

This study on the impact of SDG inclusion on student engagement and learning
outcomes in an engineering course (B&S) can significantly contribute to the existing
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literature on sustainability education and SDG integration. The study provides
empirical evidence on the impact of SDG integration on student engagement and
learning outcomes in higher education. The results indicate that the selected SDGs
were closely related to the students’ proposals. However, they have a lower level of
consideration for other SDGs. There was no association between the student scores
obtained and the variables avenue, gender, academic level, group, and technology.
For now, there is no evidence of an association between the choice of SDGs in the
study and the scores assigned to the students. Only a significant association existed
between groups and technology, and all groups preferred solar technology.

The adopted student-centered approach, focusing on the impact of SDG inclusion
on student engagement and learning outcomes, provided insights into how to design
and implement SDG-related activities and assignments that effectively engage stu-
dents and promote their learning in other engineering courses.

A positive aspect of the article is the coverage of the pedagogical aspects of imple-
menting SDG in the course. This assessment can guide the design and implemen-
tation of pedagogical strategies that effectively engage students and promote their
learning about the SDGs. Overall, this work presents a framework that delves into
the process of integrating the SDGs into a B&S course. It focuses on assessing the
influence on student engagement and learning outcomes and offers implications
and recommendations for future sustainability education initiatives.
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