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Enhancing Sustainability Literacy in Engineering Education: Insights from Implementing
the Engineering for One Planet Framework

Sustainable development is no longer an option — it is a necessity. The availability and diversity
of natural resources are increasingly threatened due to population growth, overconsumption, and
climate change. These global impacts compel urgent action to mitigate adverse effects, adapt, and
safeguard our future. Traditional engineering curricula have not sufficiently equipped students to
address sustainability challenges. To bridge this gap, it is essential to integrate effective strategies
and tools that strengthen sustainability concepts in engineering education. This study examines
sustainability literacy among engineering students and evaluates the impact of targeted
sustainability education in preparing them to tackle critical sustainability issues in industry,
society, and the built environment. Specifically, the Engineering for One Planet (EOP) framework
was introduced and implemented in two higher education institutions’ civil engineering
technology, construction management, and environmental sustainability curricula. Through pre-
and post-course assessments of students’ awareness and applications of sustainability concepts,
we investigated the implementation of the EOP framework in fostering sustainability literacy
among students in civil and environmental engineering-related programs based on initial
implementation in nine courses reaching 272 students. 142 complete paired pre- and post-course
responses were collected from the survey participants in eight of the courses. Descriptive statistics
and the Wilcoxon Signed-Rank Test was used for the analysis. Preliminary findings suggest that
students exhibit an improved understanding of sustainability concepts and feel more empowered
to address sustainability challenges following explicit exposure to coursework aligned with the
EOP framework. The findings from this study will guide engineering educators and stakeholders
seeking to integrate sustainability principles into their curriculum. Instructors can better prepare
future engineers to lead the charge in creating a more sustainable and resilient world by enhancing
sustainability education in engineering courses.

1 Introduction

Sustainability is emerging as a cornerstone of modern education, particularly in engineering and
related disciplines. The increasing complexity of global challenges—including climate change,
resource depletion, and social inequality—demands a workforce equipped with the competencies
to address these pressing issues. Higher education institutions are critical in shaping future leaders
who can integrate sustainable practices into their professional and personal lives. As noted in a
recent study, sustainability curriculum development has significant implications for enhancing
students' learning experiences and employability, while also facilitating global comparisons of
sustainability programs [1], [2]. However, integrating sustainability holistically into existing
curricula remains a challenge, with educators and administrators often struggling to achieve
collective curriculum integration [3], [4].

The urgency to integrate sustainability into higher education is underscored by the growing
importance of the United Nations Sustainable Development Goals (SDGs), including embedded
education-related targets. Incorporating the SDGs into curricula provides a compelling context for
education for sustainable development (ESD) and supports the development of sustainability
competencies that extend beyond technical knowledge to include cognitive and behavioral aspects
of decision-making [5], [6]. Moreover, practical experiences are essential for equipping students
with the competencies needed for sustainable problem-solving [7]. These experiential learning



opportunities not only enhance technical skills but also inspire innovation and leadership, as
demonstrated in programs that integrate hands-on and cooperative learning strategies [8], [9].

This study explores enhancing sustainability literacy in students in civil engineering technology,
construction management, and environmental sustainability and the impacts of exposure to
sustainability education geared toward preparing them to address pressing sustainability-related
issues in industry, society, and the built environment. This study is based on the implementation
of the Engineering for One Planet (EOP) framework to enhance sustainability literacy among these
students based on initial implementation in nine courses at two universities in the U.S., reaching
272 students.

2 Background
2.1 The Need for Sustainability for the Future Workforce

As the global economy transitions towards more sustainable practices, the demand for
professionals skilled in sustainability has grown exponentially. Universities are uniquely
positioned to serve as models for sustainable development, fostering a multidisciplinary approach
to education that emphasizes equity, justice, and environmental sustainability [10], [11]. The
integration of sustainability into curricula can significantly enhance student engagement and
awareness of environmental, economic, and social issues, equipping graduates with the skills and
attitudes necessary to tackle complex global challenges [12].

One of the primary benefits of sustainability education is its ability to prepare students for the
workforce by enhancing their employability and adaptability. Studies have shown that integrating
sustainability principles into engineering education fosters critical thinking, problem-solving, and
leadership skills [13], [14]. Additionally, education for sustainable entrepreneurship has been
found to influence students' attitudes and propensity to act sustainably, although its direct impact
on entrepreneurial intention remains limited [15]. This highlights the importance of coupling
systemic knowledge with personal transformative learning to create a balanced and impactful
educational experience [16] and to equip the future workforce with the skill sets and mindsets
needed for sustainable development.

Despite these benefits, there are significant gaps and challenges in the implementation of
sustainability programs, particularly at the undergraduate level. A study at the University of
Washington suggested that most engineering programs don’t prepare students to “engineer within
the bounds of sustainability” (pgl), and that there is a need for more emphasis on the social and
economic impacts of engineering in the curriculum and on building students’ skills to address 21%
century challenges that engineers will face [17] . Addressing these gaps requires immediate action
to implement sustainable technologies and foster multidisciplinary research and public
engagement [18]. Moreover, universities must develop tools for assessing learning outcomes
related to sustainability, enabling educators to critically evaluate the effectiveness of their
programs [13].

The future workforce must not only possess technical expertise but also the ability to connect
ethical theories with engineering practices. An ethics-of-care approach, for instance, can enhance
student understanding of sustainability by encouraging them to consider the broader social and
environmental implications of their work [19]. By embedding these competencies into curricula,



higher education institutions can ensure that their graduates are well-equipped to drive sustainable
development in their respective fields.

2.2 Sustainability in Curricula in Civil Engineering and Related Disciplines

Civil engineering, as a discipline, is uniquely positioned to contribute to global sustainability
efforts due to its direct impact on infrastructure development and resource utilization. However,
the integration of sustainability into civil engineering curricula remains inconsistent, with a
significant gap between theoretical aspirations and practical applications [20]. Recent studies
highlight the necessity of evolving engineering curricula to emphasize lifelong learning, critical
thinking, and integrating sustainability principles in problem-solving and decision-making [21],
[22], [23]. This evolution is essential for fostering engineers who can serve as change agents in
society [24].

Key challenges for curricular change in engineering programs include faculty and administrator
concerns about how and where to include sustainability content in courses and programs that are
already loaded to capacity, as well as a lack of confidence about teaching sustainability principles
[25]. Another challenge is the lack of consensus on assessment methods and benchmarks [26].
Horizontal integration of sustainability concepts across curricula, as opposed to vertical integration
in a single sustainability-focused course, has been shown to result in a more balanced
understanding of sustainability, particularly regarding its social aspects [22], [27].

Higher education institutions must also address barriers to sustainable design and curricula
delivery. These include a lack of decision-support systems tailored to real-world case studies and
the predominance of environmental over social and economic considerations in higher education
sustainability initiatives [28], [29]. Addressing these barriers requires a comprehensive
understanding of sustainability that connects theoretical knowledge with practical applications
[20].

Despite these challenges, there are promising developments in the field. For instance, the
integration of social sustainability into curricula has been shown to improve students'
understanding of community-centered design, enhancing their ability to create innovative
solutions that address local needs [30]. Additionally, hands-on, experiential learning opportunities,
such as those provided by international collaborative projects, significantly contribute to student
learning and awareness of social impact [9]. These approaches enhance technical competencies
and inspire a sense of responsibility and leadership among students.

To ensure the effectiveness of sustainability education in civil engineering, institutions must adopt
a multidisciplinary approach that incorporates ethical considerations, public policies, and inclusive
research methodologies [11], [31]. By doing so, they can prepare future engineers to address the
complex challenges of sustainable development while fostering a culture of innovation and
collaboration.

3 Methodology

3.1 Study Design
This study adopted a quantitative approach involving paired pre- and post-course survey data to
evaluate the impact of implementing the EOP framework to enhance sustainability literacy among



engineering students. The research assessed students’ awareness, understanding, and application
of sustainability concepts before and after exposure to EOP-aligned coursework.

The study was conducted across two higher education institutions offering programs in civil
engineering technology, construction management, and environmental health and safety and aims
to enhance environmental and social sustainability in the skillset of engineering and engineering
technology students, using the EOP framework. Nine courses with a total enrollment of 272 were
selected to implement the EOP framework learning objectives, designed to enhance students’
knowledge, abilities, and skills in sustainability. All the courses had one instructor except for
Introduction to Civil Engineering that had two instructors covering two sections. The survey
received complete pre- and post- responses from 142 students enrolled in eight of those courses as
listed in Table 1.

Table 1: Participant Academic Demographics

Proportion Response
Variable Category N  of Responses Rate
(%) (%)
Institution Institution 1 114 80.3
Institution 2 28 19.7
Major Civil engineering technology 102 71.8
Environmental sustainability health and safety 5 3.5
Environmental health and safety management 3 2.1
Construction management 18 12.7
Other 14 9.9
Year  First 61 43
(@iﬁf)emlc Second 38 26.8
Third 21 14.8
Fourth 12 8.5
Fifth 5 35
Graduate 3 2.1
Other 1.4
Course Introduction to civil engineering 61 43 75.3
Strength of materials 25 17.6 83.3
Structural analysis and modeling 4 2.8 16.7
Construction planning scheduling and control 16 11.3 94.1
Principles of environmental sustainability health and safety 4 2.8 26.7
Environmental health and safety management 2.8 26.7
Construction materials and basic building systems 22 155 33.3
Construction documents 6 4.2 31.6




The EOP Framework integrates sustainability principles into civil engineering and construction
education, equipping future professionals with the skills and mindset to design and build systems
that minimize environmental impacts, promote resilience, and create long-term value for society
and the planet [32]. The EOP framework and supporting resources provided guidance on
integrating sustainability concepts into course learning objectives, instructional materials, and
assessments. The students enrolled in these courses are expected to gain more understanding of
how engineers and professionals in related fields can serve as responsible stewards in their future
roles in the industry based on the implementation of sustainability-focused course interventions
using the EOP framework. This study focused on evaluating the outcomes of these courses through
pre- and post-course assessments, which were administered to undergraduate and graduate
students during the fall 2024 semester.

3.2. Participants

The participants included 142 undergraduate and graduate students enrolled in the selected courses
(Table 1). These students were diverse in their academic backgrounds but shared a focus on
engineering and environmental sustainability. Inclusion in this study was contingent upon
completing the pre- and post-course surveys. To ensure ethical compliance, all participants were
provided with an informed consent at the beginning of the survey and were assured of their
confidentiality and voluntary participation rights. The study followed institutional research ethics
board guidelines to maintain integrity and protect students’ rights as research participants.

3.3. Course Interventions

Although instructors took different approaches to designing and applying the sustainability-related
course interventions, all courses included in the study followed the same approach of mapping the
course learning outcomes to the EOP learning outcomes. Modifications were made to the course
content and assessments to better align with the focus on sustainability. Some interventions were
broader covering several topics within the course while others were more focused and
implemented one intervention covering one class session. A sample activity that was developed as
one of the course interventions for ESHS 150 is presented below. This activity covered one class
session. To begin, the relevant course learning outcome was mapped to one of the core EOP
learning outcomes on social responsibility and the ABET student outcome 2 (Table 2). The sample
activity developed for this intervention is shown in (Figure 1).

Table 2: ESHS 150 Sample Mapping of Learning Outcomes

Course Learning Outcome EOP Learning Outcome ABET Student Outcome
Recognize global EHS SR.C.1.- Identify the United 2- an ability to apply
challenges and concerns with Nations Sustainable engineering design to produce
respect to energy and natural Development Goals (SDGS) solutions that meet specified
resource use, pollution, social needs with consideration of
justice, and sustainable public health, safety, and
development; and distinguish welfare, as well as global,
between sustainable and non- cultural, social, environmental,
sustainable approaches and and economic factors.
solutions.




UN Sustainable Development Goals Activity — 100 Level Q@ v

using a number draw. Use a think-pair-share approach to review and discuss all
17 of the SDGs.

Activity: have students select an SDG to research, or randomly assign them, e.g., h 42 &d
51
NT a

Themes: sustainable development, UN SDGs, interconnectedness, problem-
solving.

At the start of the class, provide an overview of the UNDP, background on the
SDGs and how they are structured with targets and indicators. Briefly introduce the 17 goals, before assigning
them to students.

In-class or out of class assignment:

1. Working in pairs, prepare a presentation with the following.
a. Summary of your assigned goal(s)
i.  Short description/background
ii.  targets & indicators (top 3-4is OK)
jii.  Summarize progress in US (to what extent is your goal/targets being tracked/what is the
status of progress?)

2. Present to class as a “lightning” talk (S min or less per goal)
3. Inclass discussion or take homelassignment:

a. what connections do you see among the goals and their targets?

b. Characterize each goal —is it more of a social, environmental, or economic goal, or does it touch on
more than one dimension? If the goal is oriented toward a single dimension (social, environmental,
economic), what connections can you see to the other dimensions of sustainability?

¢.  What do you see as barriers toward achieving these goals? What opportunities could be leveraged
in support of the goals?

4. Optional follow-up: have students work in teams to play the Go Goals! game. https://go-goals.org/

Assessment:
Criteria Weight % Demonstrated
Engagement in class activity and presentation 20
MAccurate characterization of the goal, with clear, concise, but 60
comprehensive presentation to class
Able to discuss assigned goal and make connections to other goals 20

Figure 1: Sample Course Intervention for ESHS 150

3.4. Data Collection

Quantitative data were gathered through surveys administered at the beginning and end of the
semester through Qualtrics, an online survey development platform. These surveys assessed
students’ sustainability literacy using a combination of Likert-scale items and other multiple
choice question types. Survey questions evaluated the awareness of sustainability concepts,
confidence in addressing sustainability-related challenges, and interest in sustainability. All data
presented were collected in Fall 2024. Only the 100% complete paired pre- and post-course
responses were included in this analysis. The data were analyzed using IBM SPSS Statistics

Version 29. Pre- and post-course survey data for the following variables were analyzed:

Familiarity with the concept of sustainability

Perception of the importance of sustainability in engineering and related fields
Confidence in applying sustainability principles in their future professional work
Understanding of economic, environmental, and social sustainability

Interest in learning more about sustainability

Likelihood of applying sustainability principles in their future careers

The exact phrasing of the questions included in the pre-course survey is provided below:
1) How familiar are you with the concept of sustainability?

a) Not familiar at all

b) Slightly familiar

c) Familiar



d) Extremely familiar
2) How important do you think sustainability is in the field of engineering and related fields?
a) Not important at all
b) Slightly important
c) Important
d) Extremely important
3) How confident are you in your ability to apply sustainability principles in your future professional
work?
a) Not confident at all
b) Fairly confident
c) Confident
d) Extremely confident
4) Rate your current understanding of the following dimensions of sustainability in relation to this
course:

Excellent Good Fair Poor
a) Economic sustainability o o o o
b) Environmental sustainability o o o o
¢) Social sustainability o o o o

5) How interested are you in learning more about sustainability?
a) Not interested at all
b) Somewhat interested
c) Interested
d) Extremely interested
6) How likely are you to apply sustainability principles in your future career?
a) Extremely unlikely
b) Unlikely
c) Likely
d) Extremely likely

A variation of these questions was asked in the post-course survey. For example, on completion
of this course, how familiar are you with the concept of sustainability? All the responses were
based on a four-point Likert scale. The data were tested for normality using the Shapiro-Wilk test
to assess the normality of pre- and post-course scores before conducting the paired analysis. All
the pre- and post-course variables were non-normal since P<0.001, so a hon-parametric test was
used for the analysis.

4  Results
4.1 Familiarity with the concept of sustainability

A Wilcoxon Signed-Rank Test was conducted to evaluate the difference between pre- and post-
course scores among 142 participants regarding their familiarity with the concept of sustainability
before and after completing the course. The results indicated a statistically significant difference
between the two conditions, Z=6.760, p<0.001, with a test statistic of 3678. This suggests that the
intervention had a significant effect on the scores. The positive ranks exceeded negative ranks,
indicating an improvement in scores after the intervention.

Students’ responses were further analyzed by year (academic level). Generally, there was an
improvement in the mean scores in the post-course scores compared to the pre-course scores for



each of the students except for the fifth-year undergraduate students and students who identified
as other where there was no change in the scores (Figure 2).

Other (please specify)
Graduate level

Fifth year undergraduate
Fourth year undergraduate
Third year undergraduate
Second year undergraduate

First year undergraduate

0 1 2 3 4

M Pre-course M Post-course
Figure 2: Comparison of mean scores on familiarity with the concept of sustainability
4.2 Perception of the importance of sustainability in engineering and related fields

In evaluating the difference in the pre- and post-course scores among the 142 participants, the
Wilcoxon Signed-Rank Test showed no statistically significant difference between the pre- and
post-course responses (Z=0.966, p=0.334, with a test statistic of 645). These findings suggest that
the intervention did not result in a significant change in their perception of the importance of
sustainability in engineering.

4.3 Confidence in applying sustainability principles in their future professional work

Results of the Wilcoxon Signed-Rank Test that was performed to compare pre- and post-
intervention scores assessing participants’ perceptions of sustainability and their self-reported
confidence in applying sustainability principles in their future profession revealed a statistically
significant increase in scores following the intervention, T=2782.000, Z=4.204, p<0.001. This
indicates that the students exhibited a measurable improvement in their confidence in applying
sustainability principles in their future professional work after exposure to the intervention.

4.4 Understanding of economic, environmental, and social sustainability

The Wilcoxon Signed-Rank Test evaluated participants' self-rated understanding of economic
sustainability before and after completing the course. The results (T=4222.500, Z=7.682, p<0.001)
show a statistically significant improvement in their understanding. This indicates that the course
effectively enhanced participants’ comprehension of economic sustainability concepts. In
assessing participants' self-rated understanding of environmental sustainability before and after the
course, the results (T=3483.000, Z=7.077, p<0.001) indicate a statistically significant increase in



understanding. This suggests that the course successfully improved participants' understanding of
environmental sustainability concepts. The Wilcoxon Signed-Rank Test assessed participants' self-
rated understanding of social sustainability before and after the course. The results (T=4338.000,
Z=7.344, p<0.001) indicate a statistically significant increase in understanding of social
sustainability. This suggests that the course successfully improved participants' understanding of
the economic, environmental, and social sustainability aspects.

Further, students’ understanding of economic, environmental, and social sustainability were
analyzed based on their indicated major (Figure 3). Except for the EHSM students, for the pre-
course responses, students in other majors reported their understanding of environmental
sustainability as the highest and their rating of the understanding of social sustainability was the
lowest while EHSM students rated their understanding of the three aspects of sustainability the
same. All the post-course mean scores were higher across the groups but a similar trend was
observed where the post-course scores for environmental sustainability was the highest and the
lowest was for social sustainability except for students in the ESHS major who rated their
understanding of social sustainability higher than their understanding of economic sustainability.

Pre-Course Post-Course

Economic Environmental Social Economic Environmental Social
sustainability sustainability sustainability sustainability sustainability sustainability

M Civil Engineering Technology (CVET) - 102 students

® Environmental Sustainability, Health and Safety (ESHS) - 5 students
M Environmental, Health and Safety Management (EHSM) - 3 students
m Construction Management - 18 students

m Other - 14 students

Figure 3: Comparison of student understanding of economic, environmental, and social
sustainability

4.5 Interest in learning more about sustainability

The Wilcoxon Signed-Rank Test compared participants' interest in learning more about
sustainability before and after exposure to course content. The results (T=691.000, Z=—3.661,
p<0.001) indicate a statistically significant increase in interest following the course. This suggests
that the course effectively heightened participants’ enthusiasm for learning more about
sustainability principles.



4.6 Likelihood of applying sustainability principles in their future careers

The Wilcoxon Signed-Rank Test compared participants' likelihood of applying sustainability
principles in their future careers before and after exposure to course content. The results
(T=500.000, Z=—1.511, p=0.131) indicated no statistically significant difference (p>0.05). This
suggests that the course did not significantly influence participants' reported likelihood of applying
sustainability principles in their future careers. Additional strategies may be needed to strengthen
the impact of sustainability education on students’ future application intentions.

5 Discussion

The selected courses span two institutions and four different programs. The statistically significant
improvement in participants' familiarity with sustainability concepts after completing the course
demonstrates the effectiveness of the intervention in increasing baseline knowledge. Trends were
similar between different programs, with small variations that can be attributed to the differences
in the population sample. However, variations in mean scores by year suggest differential impacts,
potentially influenced by varying levels of exposure or prior knowledge. Fifth-year and "other"
students exhibited less improvement, potentially indicating a need for tailored approaches for the
fifth-year students, even though the feedback could indicate a higher level of prior sustainability
knowledge.

Contrary to expectations, no significant change was observed in participants' perceptions of the
importance of sustainability in engineering and related fields. This finding suggests that while the
course improved familiarity and understanding, it did not adequately challenge or expand students'
pre-existing beliefs regarding the importance of sustainability. This may point to the need for
integrating more real-world examples, case studies, or experiential learning activities to more
effectively emphasize the critical role of sustainability in professional practice to impact the global
future positively. However, this can also indicate that students have a high baseline for
understanding the importance of sustainability due to prior exposure or other outside factors.

The significant increase in confidence to apply sustainability principles in future work highlights
a key success of the course. Students' increased self-assurance shows the applied nature of the
course content, which emphasized practical approaches to integrating sustainability in engineering
contexts. This suggests that the course successfully equipped students with skills they could utilize
in professional settings, although additional efforts could further solidify this confidence for
broader application.

Considering the three sustainability dimensions, the course successfully improved students' self-
rated understanding of all three dimensions. Environmental sustainability consistently received the
highest ratings among students in all programs, while social sustainability was often rated the
lowest, except among EHSM students who indicated a better understanding of social
sustainability. This trend suggests that students may perceive environmental sustainability as more
tangible or directly applicable, while social sustainability remains more abstract. Tailoring the
curriculum to provide stronger examples and applications for social sustainability might help
address this discrepancy. Additionally, demonstrating through specific examples the relationship
between the three sustainability aspects, environmental, social, and economic, could also improve
students’ understanding of how one aspect can quickly impact the other.



The significant increase in students' interest in learning more about sustainability principles
indicates that the course was able to engage and inspire curiosity. This outcome is favorable, as it
indicates that students are motivated to pursue further education or explore sustainability topics,
which may translate into lifelong learning. This finding indirectly contradicts the lack of
significant change observed in participants' perceptions of the importance of sustainability in
engineering and related fields.

The lack of significant change in the likelihood of applying sustainability principles in future
careers raises concerns about the long-term impact of the course. While the intervention enhanced
confidence and understanding, these improvements did not translate into an increased intention to
apply sustainability in practice. This suggests a gap between education and real-world
applicability. Future iterations of the course will include hands-on projects and industry
collaborations to reinforce the relevance of sustainability in professional contexts.

6 Conclusion

The EOP framework was implemented into nine courses in civil engineering, environmental
sustainability, and construction management, reaching 272 students across two US universities.
This study highlights the potential of sustainability-focused courses to enhance sustainability
literacy by improving knowledge, confidence, and interest among engineering students. The
course was particularly successful in improving students' familiarity with sustainability,
understanding of economic, environmental, and social dimensions, and interest in sustainability
topics. The results demonstrated an increase in sustainability literacy and emphasize the
importance of continuous evaluation and adaptation of educational strategies to ensure that
sustainability principles are effectively integrated into students' professional mindsets and
practices. This will help cultivate a generation of engineers who are not only knowledgeable about
sustainability but are also committed to applying these principles to create a more sustainable
future.

The study has some limitations, including a lack of significant change in perceived importance and
likelihood of applying sustainability in careers. Addressing these gaps through curriculum
enhancements—such as case-based learning, project-based learning, experiential learning
activities, and industry partnerships—could further strengthen the impact of sustainability
education. In addition, the Likert scale survey results could be subjective when students evaluate
themselves about understanding sustainability. Also, the survey response rates vary from 16.7%
to 94.1% across the eight courses, which may not provide an opportunity to fully capture a
representative sample for courses with low response rates.

Future work includes the implementation of course interventions in additional courses in the spring
semester and an iterative improvement of the interventions yearly based on faculty peer and student
feedback. Interviews will also be conducted to gain deeper insights into the impact of the
interventions on students’ learning and application of sustainability concepts.

Acknowledgments
The authors would like to express their gratitude to The Lemelson Foundation for supporting this
project. We also extend our appreciation to the instructors who contributed to the implementation



and refinement of the course materials and the students who participated in the study for their
valuable feedback.

References

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Y. Jung, K. Park, and J. Ahn, “Sustainability in higher education: Perceptions of social
responsibility among university students,” Soc. Sci., vol. 8, no. 3, p. 90, 2019.

K. Brundiers et al., “Key competencies in sustainability in higher education—toward an
agreed-upon reference framework,” Sustain. Sci., vol. 16, no. 1, pp. 13-29, Jan. 2021, doi:
10.1007/s11625-020-00838-2.

G. Cebridn and M. Junyent, “Competencies in Education for Sustainable Development:
Exploring the Student Teachers’ Views,” Sustainability, vol. 7, no. 3, Art. no. 3, Mar. 2015,
doi: 10.3390/su7032768.

C. K. Lim, M. S. Haufiku, K. L. Tan, M. Farid Ahmed, and T. F. Ng, “Systematic Review
of Education Sustainable Development in Higher Education Institutions,” Sustainability,
vol. 14, no. 20, Art. no. 20, Jan. 2022, doi: 10.3390/su142013241.

G. Cebrian, M. Junyent, and I. Mula, “Competencies in Education for Sustainable
Development: Emerging Teaching and Research Developments,” Sustainability, vol. 12,
no. 2, Art. no. 2, Jan. 2020, doi: 10.3390/su12020579.

P. Frank and L. S. Stanszus, “Transforming Consumer Behavior: Introducing Self-Inquiry-
Based and Self-Experience-Based Learning for Building Personal Competencies for
Sustainable Consumption,” Sustainability, vol. 11, no. 9, Art. no. 9, Jan. 2019, doi:
10.3390/su11092550.

K. Brundiers, A. Wiek, and C. L. Redman, “Real-world learning opportunities in
sustainability: from classroom into the real world,” Int. J. Sustain. High. Educ., vol. 11, no.
4, pp. 308-324, Jan. 2010, doi: 10.1108/14676371011077540.

M. Kalamas Hedden, R. Worthy, E. Akins, V. Slinger-Friedman, and R. C. Paul, “Teaching
Sustainability Using an Active Learning Constructivist Approach: Discipline-Specific Case
Studies in Higher Education,” Sustainability, vol. 9, no. 8, Art. no. 8, Aug. 2017, doi:
10.3390/s5u9081320.

R. A. Brennan and D. R. Riley, “A New Program in Sustainable Engineering: A Platform
for Integrating Research and Service into the Classroom Through Global Engagement,” in
New Developments in Engineering Education for Sustainable Development, W. Leal Filho
and S. Nesbit, Eds., Cham: Springer International Publishing, 2016, pp. 15-21. doi:
10.1007/978-3-319-32933-8_2.

G. J. R. Lopes and J. M. F. de Carvalho, “Implementing Sustainability Programs in
Universities —An Overview of Evolution, Challenges from a Global, Brazilian Perspective,”
in The Contribution of Universities Towards Education for Sustainable Development, W.
Leal Filho, T. Dibbern, S. R. de Maya, M.-C. Alarcon-del-Amo, and L. M. Rives, Eds.,
Cham: Springer Nature Switzerland, 2024, pp. 169-184. doi: 10.1007/978-3-031-49853-

4 11.

F. Amador and C. Padrel Oliveira, “Integrating Sustainability into the University: Past,
Present, and Future,” in Sustainability Assessment Tools in Higher Education Institutions:
Mapping Trends and Good Practices Around the World, S. Caeiro, W. L. Filho, C. Jabbour,
and U. M. Azeiteiro, Eds., Cham: Springer International Publishing, 2013, pp. 65-78. doi:
10.1007/978-3-319-02375-5_4.



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

J. W. Lam, F. J. Mah, P. B. Miller, and A. Meikleham, “Developing Role Models for
Engineering and Sustainable Development: Engineers Without Borders” Global
Engineering Certificate,” in New Developments in Engineering Education for Sustainable
Development, W. Leal Filho and S. Nesbit, Eds., Cham: Springer International Publishing,
2016, pp. 139-149. doi: 10.1007/978-3-319-32933-8_13.

F. Sanchez-Carracedo et al., “Tools for Embedding and Assessing Sustainable
Development Goals in Engineering Education,” Sustainability, vol. 13, no. 21, Art. no. 21,
Jan. 2021, doi: 10.3390/su132112154.

B.-M. Block and M. G. Guerne, “A Theory-Based Concept for Fostering Sustainability
Competencies in Engineering Programs,” in Towards a Hybrid, Flexible and Socially
Engaged Higher Education, M. E. Auer, U. R. Cukierman, E. Vendrell Vidal, and E. Tovar
Caro, Eds., Cham: Springer Nature Switzerland, 2024, pp. 208-217. doi: 10.1007/978-3-
031-53022-7_21.

G. Agu, O. Okwuagwu, C. Esi-Ubani, and P. Agu, “Drivers of sustainable entreprenecurial
intentions among university students: an integrated model from a developing world
context,” Int. J. Sustain. High. Educ., vol. ahead-of-print, Feb. 2021, doi: 10.1108/IJSHE-
07-2020-0277.

J. Dlouh4, R. Heras, I. Mula, F. P. Salgado, and L. Henderson, “Competences to Address
SDGs in Higher Education—A Reflection on the Equilibrium between Systemic and
Personal Approaches to Achieve Transformative Action,” Sustainability, vol. 11, no. 13,
Art. no. 13, Jan. 2019, doi: 10.3390/su11133664.

D. Wilson. (2019). “Exploring the intersection between engineering and sustainability
education.” Sustainability, vol. 11, no. 11, 3134,

P. A. Wilderer, M. Grambow, and W. Meng, “Sustainable Earth System Engineering:
Incentives and Perspectives,” in Handbook of Sustainable Engineering, J. Kauffman and
K.-M. Lee, Eds., Dordrecht: Springer Netherlands, 2013, pp. 195-209. doi: 10.1007/978-1-
4020-8939-8_47.

D. P. Michelfelder and S. A. Jones, “From Caring About Sustainability to Developing Care-
Ful Engineers,” in New Developments in Engineering Education for Sustainable
Development, W. Leal Filho and S. Nesbit, Eds., Cham: Springer International Publishing,
2016, pp. 173-184. doi: 10.1007/978-3-319-32933-8_16.

X. Wang, A. South, C. Farnsworth, and B. Hashimoto, “From three-pillars to three-
environments: Shifting the paradigm of sustainability in civil and construction
engineering,” Clean. Eng. Technol., vol. 20, p. 100748, Jun. 2024, doi:
10.1016/j.clet.2024.100748.

C. S. Mattick and B. R. Allenby, “Teaching Old Disciplines New Tricks: Sustainable
Engineering Education,” in Handbook of Sustainable Engineering, J. Kauffman and K.-M.
Lee, Eds., Dordrecht: Springer Netherlands, 2013, pp. 67—77. doi: 10.1007/978-1-4020-
8939-8 114.

K. W. Chau, “Incorporation of Sustainability Concepts into a Civil Engineering
Curriculum,” J. Prof. Issues Eng. Educ. Pract., vol. 133, no. 3, pp. 188-191, Jul. 2007, doi:
10.1061/(ASCE)1052-3928(2007)133:3(188).

Y. S. Abraham and A. Bao, “Implementing the Engineering for One Planet Framework in a
Civil Engineering Technology Program,” presented at the 2023 ASEE Annual Conference
& Exposition, Jun. 2023. Accessed: Jan. 14, 2025. [Online]. Available:



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

https://peer.asee.org/implementing-the-engineering-for-one-planet-framework-in-a-civil-
engineering-technology-program

“Fostering future engineers as transformational agents: integrating sustainability and
entrepreneurship in engineering education,” CoLab. Accessed: Jan. 14, 2025. [Online].
Available: https://colab.ws/articles/10.1016%2Fj.procs.2023.01.372

V. Matthew, C. Anderson, C. Cooper, and S. G. Lipkin-Moore, “Integrating Sustainability
into Engineering Education: Building a Pathway to Scale,” presented at the 2023 ASEE
Annual Conference & Exposition, Jun. 2023. Accessed: Jan. 14, 2025. [Online]. Available:
https://peer.asee.org/integrating-sustainability-into-engineering-education-building-a-
pathway-to-scale

M. Nakad, L. Gardelle, and R. J. Abboud, “A Systematic Review of the Different Methods
Assessing Sustainability Integration in Engineering Curricula,” Sustainability, vol. 16, no.
11, Art. no. 11, Jan. 2024, doi: 10.3390/su16114549.

E. M. Barrella and M. K. Watson, “Comparing the Outcomes of Horizontal and Vertical
Integration of Sustainability Content into Engineering Curricula Using Concept Maps,” in
New Developments in Engineering Education for Sustainable Development, W. Leal Filho
and S. Nesbit, Eds., Cham: Springer International Publishing, 2016, pp. 1-13. doi:
10.1007/978-3-319-32933-8 1.

A. Dawodu et al., “Campus sustainability research: indicators and dimensions to consider
for the design and assessment of a sustainable campus,” Heliyon, vol. 8, no. 12, p. e11864,
Dec. 2022, doi: 10.1016/j.heliyon.2022.e11864.

J. Bruen, J. P. Spillane, and S. Taylor, “A Decision Support System for Affordable and
Sustainable Housing Design and Delivery in Least Developed Countries (LDCs),” in
Sustainable Ecological Engineering Design, L. Scott, M. Dastbaz, and C. Gorse, Eds.,
Cham: Springer International Publishing, 2020, pp. 117-129. doi: 10.1007/978-3-030-
44381-8 9.

N. E. Kordi, S. Belayutham, C. K. I. Che Ibrahim, and N. S. Nor Shahrudin, “Social
Sustainability in Education: An Insight into the Civil Engineering Curricular,” in
Proceedings of the 5th International Conference on Sustainable Civil Engineering
Structures and Construction Materials, S. Belayutham, C. K. I. Che Ibrahim, A.
Alisibramulisi, H. Mansor, and M. Billah, Eds., Singapore: Springer Nature, 2022, pp.
1063-1075. doi: 10.1007/978-981-16-7924-7_69.

L. M. Freire, T. F. Figueiredo, M. A. Mejia-Caceres, F. L. Braz, and M. Espinet, “Non-
hegemonic Views of Sustainability in Science Teacher Education: The Case of a
University-School Collaboration in Brazil,” in Engagement with Sustainable Development
in Higher Education: Universities as Transformative Spaces for Sustainable Futures, M.
Oztiirk, Ed., Cham: Springer International Publishing, 2022, pp. 83—103. doi: 10.1007/978-
3-031-07191-1_6.

The Lemelson Foundation, “The Engineering for One Planet Framework: Essential
Sustainability-focused Learning Outcomes for Engineering Education.” The Lemelson
Foundation, 2022. [Online]. Available: https://engineeringforoneplanet.org/wp-
content/uploads/EOP_Framework.pdf



