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A Toolkit for Expanding Sustainability in Engineering Utilizing Foundations of the
Engineering for One Planet Initiative

Abstract

Recently, there has been a significant push to prepare all engineers with skills in sustainability,
motivated by industry needs, accreditation requirements, and international efforts such as the
National Science Foundation’s 10 Big Ideas and Grand Challenges and the United Nations’
Sustainable Development Goals (SDGs). This paper discusses a new toolkit to enable broad
dissemination of vetted tools to help engineering faculty members teach sustainability using
resources from the Engineering for One Planet (EOP) initiative. This toolkit is to be used as a
mechanism to engage a diversity of stakeholders to use their voices, experiences, and
connections to share the need for national curricular change in engineering education widely.
This toolkit can foster the integration of sustainability-focused learning outcomes into
engineering courses and programs. This is particularly important for graduating engineers at this
crucial time when we collectively face a convergence of national- and global-scale planetary
crises that professional engineers will directly and indirectly impact.

Catalyzed by The Lemelson Foundation and VentureWell, the EOP initiative provides teaching
tools, grants, and support for the EOP Network —a volunteer action network— comprising
diverse stakeholders collectively seeking to transform engineering education to equip all
engineers with the understanding, knowledge, skills, and mindsets to ensure their work
contributes to a healthy world. The EOP Framework, a fundamental resource of the initiative,
provides a curated and vetted list of ABET-aligned sustainability-focused student learning
outcomes, including core and advanced. It covers social and environmental sustainability topics
and essential professional skills such as communication, teamwork, and critical thinking. It was
designed as a practical implementation tool — rather than a research framework — to help
educators embed sustainability concepts and tools into engineering courses and programs at all
levels. The Lemelson Foundation has provided a range of grants to support curricular
transformation efforts using the EOP Framework. With support from The Lemelson Foundation,
ASEE launched an EOP Mini-Grant Program in 2022 to engender curricular changes using the
EOP Framework. The EOP Network is working to extend the reach of the Framework across the
ASEE community beyond initial pilot programs by implementing an EOP Toolkit for EOP
Network members and other stakeholders to use at their home institutions, conferences, and
informative workshops. This article describes the rationale for creating the EOP Toolkit, the
development process, content examples, and use scenarios.

Keywords: Sustainable Engineering, Sustainable Development Goals, Bloom’s Taxonomy,
Environmental Engineering, SDGs

Introduction and Background
The Sustainability Gap in Engineering Education

During the 21st century, there have been various strategic initiatives to advance engineering
education toward more holistic approaches that push engineers to think outside the box when



designing tools for the world [1]. These initiatives began in 2000 with the release of the Grand
Challenges in Engineering, which has been followed by more recent and interdisciplinary calls to
action in engineering education, including the United Nations Sustainable Development Goals
(SDGs) in 2015 and the National Science Foundations Big 10 Ideas [2]-[4]. These calls are
primarily targeted toward higher education institutions which have led university systems to
bring sustainability, public health, and other service-oriented practices into their research and
teaching portfolios [5]. These initiatives are broad and do not only scope the future of
engineering. In this paper, we will present the Engineering for One Planet (EOP) Toolkit as a
means to increase access to resources to support the education of engineers who are well-versed
in social and environmental sustainability.

Engineers and designers impact nearly everything human-made. From consumer goods to
hardware and software products to buildings and modes of transportation, their decisions
regarding design, algorithms, source materials, production, distribution, and disposal can make
positive or negative impacts now and for generations to come [6].

Despite significant growth in sustainability topics in engineering education, most engineering
students are not learning sustainability-focused concepts, tools, and methodologies [7], [8].
Educators perceive sustainability as a complex topic, and many educators themselves need to be
more comfortable and familiar with the ways to bring sustainability into the classroom [9]. This
has led to a gap in sustainability curriculum development in engineering education [10] and
sustainability knowledge in the workforce after graduating [11]. Fewer than 1% of the nearly
150,000 engineering graduates in the US are majoring in environmental engineering [12]. The
professional demand for engineers with core skills and mindsets in environmental, social, and
economic sustainability is outpacing the supply, with renewable and environmental jobs
increasing by nearly 250% in the last five years alone [13].

Engineering education can produce individuals equipped to address and prevent environmental
and social issues such as environmental toxicity, air and water pollution, and climate change.
Numerous studies have shown that chemical toxicity, environmental degradation, and pollution
have disproportionately burdened people of color, yet people of color have been historically
excluded from engineering education [14]. Justice- and impact-oriented STEM careers and
educational pathways may help attract and retain people of color in STEM fields and produce
solutions to planetary damages [15]. A study of EOP Framework implementation at Oregon State
University demonstrated that integration of environmentally-responsible engineering concepts in
first-year engineering courses increased student enthusiasm for engineering, suggesting potential
for improving student retention, including students from groups historically underrepresented in
engineering [16].

The global demand for environmental and climate justice and planetary protections comes from
all stakeholders — from students, educators, and professionals to citizens, consumers, and
advocates to corporations and governments [17]. Organizations like ABET (formerly the
Accreditation Board for Engineering and Technology) and professional engineering associations
highlight the need to accelerate the integration of competencies in environmental and social
sustainability across engineering education [18]. With such a significant gap in the sustainability
curriculum, actions need to be taken to help bring new sustainability resources to engineering
education. In 2019, the original EOP Framework was co-developed with hundreds of



stakeholders including dozens from the engineering education community— and proposed as a
catalyst to help infuse sustainability into engineering courses and programs [19].
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Figure 1. Engineering for One Planet Framework Graphic. Adapted from [20] with the author's

permission.

Background on Engineering for One Planet

EOP is an initiative to transform engineering education and equip all engineers across all
disciplines with the fundamental competencies of social and environmental sustainability [19]
and related leadership skills such as communications, critical thinking, and teamwork. The vision
of EOP is that sustainability will become a core tenet of the engineering profession. This aligns



with the growing demand in the industry for engineers with sustainability skills for post-graduate
careers. Recent studies show that the demand for sustainability skills across fields, including
engineering and sectors, is increasing faster than the supply of professionals equipped with these
skills [21], [22].

The Lemelson Foundation and VentureWell catalyzed EOP in collaboration with hundreds of
sustainability advocates across sectors; the EOP initiative envisions a world in which all
engineers play a critical role in ensuring that the solutions of today do not become the problems
of tomorrow, restoring and regenerating our environment, and improving lives for all. EOP is
working with a community of stakeholders and other aligned change efforts. These individuals
and organizations aim to foster a future where engineers account for social and environmental
impact as much as they do for cost and user experience. They envision a future where solutions
to the world’s biggest problems will simultaneously contribute to the care of our planet. This is
because sustainability will have been stitched into the fabric of the engineered approaches and
solutions.

There has been leadership from educators utilizing the EOP Framework in their curriculum to
help evaluate the competencies of this program [23]-[25]. This manuscript focuses on addressing
the large sustainability gap in engineering education. To achieve this, an EOP Toolkit has been
developed. The EOP Network and non-network members are working to disseminate the EOP
Framework and related sustainability tools, practices, and teaching resources. The aim is to
expand the reach of these resources beyond the traditional academic community. By doing so, it
is hoped that more engineers will be equipped with the knowledge and skills to incorporate
sustainability into their work. The desired outcomes of this initiative are twofold. Firstly, it aims
to maximize the impact and scope of sustainability practices in engineering. This will be
achieved by facilitating the understanding and adoption of vetted educational tools and practices.
Secondly, the EOP Toolkit will be leveraged to engage diverse stakeholders. These stakeholders
will be encouraged to use their voices, experiences, and connections to share the need for
national curricular change in engineering education widely. By doing so, it is hoped that a larger
group of people will be motivated to take action toward incorporating sustainability into
engineering practices.

Developing the Engineering for One Planet Theory of Change and Strategy

EOP was formed and continues to evolve based on significant stakeholder input. Research to
develop the EOP initiative began in 2017 with a qualitative study to understand the barriers and
opportunities for integrating environmental responsibility in higher education [26], [27]. The
study revealed existing efforts to bring sustainability into mainstream engineering that were
frustrated by a lack of academic support, resources for curricular change, and limited industry
demand.

Further conversations with hundreds of stakeholders between 2018-2019 highlighted growing
interest in imbuing sustainability in engineering education from engineering professionals,
faculty, leaders, and students. Stakeholders noted that engineering education is a complex system
where no single organization or sector could successfully create transformative, sustained
curricular change by working independently. Therefore, transforming engineering education to
more broadly and deeply integrate sustainability would require bottom-up and top-down change



efforts. It would require intentional contributions and collaboration among various actors in the
engineering education system (e.g., faculty members, students, academic leaders, engineering
employers, industry professionals, government professionals, etc.).

With this input, EOP catalyst organizations developed an initial Theory of Change (ToC) and
three interrelated strategic actions to help realize the ToC [28]:

1. The co-creation of core learning outcomes all engineering students needed to learn to be
environmentally responsible (i.e., the first draft of the EOP Framework)

2. The launch of catalytic grants to demonstrate curricular change using the EOP
Framework, starting with the EOP Pilot Grant Program, which provided seed funding and
a supported Community of Practice for five universities, and

3. The formation of collaborative change efforts involving academics, industry
professionals, funders, and nonprofit professionals (e.g., the National Science
Foundation-funded EOP Scaling for Impact Workshop and the EOP Network).

Strategic Action 1: The EOP Framework

EOP stakeholders identified a critical initial need to define “what” graduating engineering
students would need to know to maximize positive impacts while minimizing potential negative
impacts. In response, in 2019, a multi-year collaborative effort led to the development of the
EOP Framework launched in 2020. A revised version was released in 2022 and is publicly
available for free at www.engineeringforoneplanet.org. With testing through pilot grants and
further community input, the EOP Framework has evolved from its early focus on
“environmental responsibility” to reflect the broader lenses of social and environmental
sustainability, among other refinements based on over 600 comments that were collected and
incorporated into the revised version released in 2022.

The EOP Framework is a cornerstone of the EOP initiative, the first of its kind to guide
coursework, teaching tools, and student experiences that define what it means to be an engineer
who is equipped to protect our planet and the life it sustains (Figure 1 & Figure 2A) [20].
Aligned with ABET’s seven required student outcomes, it provides faculty members with a
vetted menu of competencies that every graduating engineer, regardless of subdiscipline, needs
to acquire to design, code, build, and implement solutions that are socially and environmentally
sustainable. The desired outcome from using the EOP Framework in curricular transformation is
a pipeline of engineers, inventors, and innovators who create structures, designs, products, and
services that help people and nature flourish.

What is the EOP Framework?

The EOP Framework is not a research framework but a practical implementation tool that
supports educators in integrating environmental and social sustainability concepts and tools into
engineering courses, programs, and departments. It provides a vetted list of 92 core and
advanced sustainability-focused student learning outcomes that all engineering students should
acquire that was co-created by a community of hundreds of experts from a range of identities,
lived experiences, geographies, and sectors, including academia, industry, nonprofit,
government, and philanthropy [20], [29].



Why do we need the EOP Framework?

The results of a thematic assessment through in-person interviews and conversations with
engineering practitioners and educators and the results of the EOP Literature Review Report
demonstrate the need for a sustainability implementation tool such as the EOP Framework as
follows [20]: engineers play a critical role in creating a healthy, flourishing world, and their work
has outsized impacts on our world. Engineers must possess sustainable mindsets, skill sets, and
professional preparation. This is necessary because the industry demands it and to ensure that the
engineering solutions of today do not become the problems of tomorrow. However, the majority
of engineering students are not learning sustainability-focused concepts, tools, and
methodologies through their engineering educational training. Therefore, there is a need to
incorporate these concepts into engineering education. Engineers must also be knowledgeable
about and understand the history and implications of racist, classist, and patriarchal practices in
engineering and social systems. They should be prepared to support the abolishment of these
practices. Furthermore, engineers need to understand the social and cultural influences of their
work and be prepared to support environmental justice. By doing so, engineers can contribute to
creating a more equitable and sustainable world.

Who is the EOP Framework for?

The EOP Framework was designed for 1) engineering faculty members, educators, students, and
administrators who want to integrate sustainability education into a diverse assortment of
courses, programs, departments, and institutions, and can also be applied by 2) professional
engineering educators who want to provide practicing engineers with sustainability skills,
knowledge, understanding, and mindsets, and 3) educators looking for resources to integrate
sustainability into other science, technology, and math disciplines, as well as K-12 education
[20].

Foundations of the EOP Framework

The Lemelson Foundation, VentureWell, and Alula Consulting collaborated with hundreds of
individuals over several years to organize and orchestrate the co-creation of the EOP Framework,
building on past research and curricular change efforts. Efforts to embed environmental and
social sustainability into engineering education have existed for decades, and the EOP
Framework seeks to build upon these past and existing efforts, including numerous related
frameworks, courses, programs, and definitions (e.g., sustainable engineering, green engineering,
green chemistry, and circular economy). Hundreds of representatives from across sectors —
academia, nonprofits, government, and industry— as well as disciplines, geographies, lived
experiences, etc., have been involved in creating and refining the EOP Framework.

The co-developers of this collaborative effort used inclusive approaches. They offered
synchronous and asynchronous public commenting methods, such as shared documents and
virtual meetings, to capture ideas, concerns, questions, feedback, and more when crafting the
framework. They drafted student learning outcomes that could be integrated into new and
existing courses across various engineering disciplines. To ensure measurable learning outcomes,
they aligned them with the 2010 Bloom’s Taxonomy [30]. Additionally, they assembled a large-
scale, global volunteer community of self-motivated and self-interested individuals and



organizations to foster collective impact. Finally, they gathered and shared lessons learned and
resources to serve as models for initiatives new to EOP and other communities and disciplines
outside of engineering.
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Figure 2. Primary EOP Toolkit documents for curricular change in engineering education. All
are available for free on the EOP website. A) The EOP Framework: Essential Sustainability-
focused Learning Outcomes for Engineering Education (2022)[20], B) EOP Framework:
Comprehensive Guide to Teaching Core Learning Outcomes [31], and C) EOP Framework:
QuickStart Activity Guide [32].

To make the EOP Framework as useful to engineering programs and faculty members as
possible, the framework is mapped to the seven ABET student outcomes, as outlined in the
ABET Ceriteria for Accrediting Engineering Programs [18]. Additionally, it aligns with the 17
United Nations (UN) Sustainable Development Goals. It is mapped to UN SDG #12 —ensuring
sustainable consumption and production patterns— due to its direct alignment with engineering
and design [25].

Relevance to Engineering Accreditation

ABET is a nonprofit that accredits engineering programs by ensuring that engineering programs
meet the quality standards that prepare graduates to enter the professional practice of
engineering. All ABET-accredited engineering programs must comply with and receive
accreditation from the Engineering Accreditation Commission (EAC) and demonstrate that their
programs satisfy all of the General Criteria for Baccalaureate Level Programs [18]. However,
ABET student outcomes do not require graduating engineers to acquire a specific depth of
knowledge, skills, experiences, and understanding. EOP Framework contributors have
recommended that engineering programs utilize the core student outcomes outlined in the EOP
Framework not only to achieve but to go beyond ABET’s current requirements of exposure to
foster the formation of critical thinking and substantial sustainability-focused knowledge, skills,
and mindsets in engineering students [22].



EOP Framework Companion Teaching Guides

During the revision process for the EOP Framework, contributors expressed that in addition to
having guidance on “what” skills, knowledge, and understanding graduating engineering
students would need to acquire, as outlined by the EOP Framework, it would be helpful to have
guidance on “how” to bring the learning outcomes into courses and programs. To meet this need,
two EOP Framework companion teaching guides were co-created and shared with stakeholders
for early feedback. They were both launched in 2023 and are available to the public for free at
www.engineeringforoneplanet.org. The Quickstart Activity Guide (Figure 2C) is intended for
those new to teaching sustainability. It introduces one core learning outcome for each of the nine
topic areas of the framework. It leads the reader through specific, freely available online teaching
resources to achieve that outcome in their classroom [32]. The Comprehensive Guide to
Teaching Core Outcomes (Figure 2B) shares a wealth of teaching resources and activities for all
46 core learning outcomes outlined in the framework [31].

Strategic Action 2: Catalytic Grants

After the first draft of the EOP Framework was launched in 2020, The Lemelson Foundation
awarded seed grants to engineering faculty members at five universities —Arizona State
University, Oregon State University, the University of Central Florida, the University of
Maryland, and Villanova University— to test the EOP Framework in curricular change efforts
over two years. Grantees were asked to create or modify at least one course using the EOP
Framework and to participate in a Community of Practice managed by VentureWell. Project
approaches varied, with grantees choosing the learning outcomes and changing methods that best
fit their situations. The pilot grantees exceeded expectations, modifying or creating 60 courses
and impacting over 4000 students. The pilot grants yielded valuable insights into curricular
change and opportunities to refine the EOP Framework.

In 2022, with support from The Lemelson Foundation, ASEE launched the EOP Mini-Grant
Program (ASEE EOP MGP) to provide seed funds to a range of higher education institutions and
programs to support diverse curricular change efforts using the EOP Framework [33]. The
inaugural ASEE EOP MGP received over 100 applications, and ASEE made awards to 13
institutions, including five minority-serving institutions. The ASEE EOP MGP will continue in
2023 and 2024.

Strategic Action 3: Fostering Collaboration

Stakeholders identified the need for sustained collaboration to drive top-down and bottom-up
approaches to transforming engineering education. The creation of the EOP Network was a
response to this need. A firm with expertise in network formation, Converge, was contracted to
guide the formation and launch of the EOP Network. To define the scope and purpose of the
EOP Network, Converge held three listening sessions with dozens of diverse stakeholders from
the engineering community before launching the EOP Network. Designed to foster collaborative
actions among students, faculty members, higher education leaders, and
industry/nonprofit/government professionals, the EOP Network requires an application to create
shared expectations. Still, it does not require a minimum number of hours or commitment. The
network is voluntary and self-governed and is staggering the intake of new members to foster



trust, relationships, and effective collaboration among a committed group of members. However,
there is significant national and international interest in joining the EOP Network.

Launched virtually in 2021 with 40 members, the EOP Network now has 72 members and a
growing waitlist of prospective members for future expansion. EOP Network members convened
in person for the first time in October 2022. Convening facilitators engaged participants in
activities and exercises to cultivate trust and foster collaboration for systems change. Participants
identified diverse project ideas, and nine new teams were formed to collaborate on the projects.
One of the teams focused on developing a presentation toolkit that EOP Network members could
use to create proposals and presentations to drive awareness of the EOP initiative and facilitate
the adoption of the EOP Framework. The team sought to create a toolkit that would be flexible
and adaptable to facilitate sharing in diverse situations, from professional networking meetings
to internal presentations for faculty and leadership to major conferences.

The EOP Network is a non-hierarchical, volunteer-based action impact network supported by a
paid network manager who facilitates member collaboration and project teams, plans and
delivers events, and ensures the network operates effectively. With impact networks,
responsibility for advancing the purpose of a network is shared among all network members.
Members participate at varying levels based on the shifting and emergent needs of the network
and the availability of the individual [26]. EOP Network members develop and evolve the EOP
Network Charter [28] (a living document aligned with the vision of the EOP initiative), suggest
and promote projects and activities aligned with the network’s purpose, and advance four
strategic priority areas (i.e., making the case, broadening participation, sharing best practices,
and transforming education).

The EOP Toolkit

Critical areas of the EOP Network’s efforts include broadening participation in EOP and
increasing awareness of the EOP initiative and its resources, including the EOP Framework and
other supporting resources. As such, the EOP Toolkit was developed to allow members to share
consistent information about the EOP initiative within their communities. The EOP Toolkit
serves several purposes, as outlined below:

1. Itis a practical way to ensure that those who wish to share and further the vision and
tools of the EOP initiative and the purpose of the EOP Network can do so with accurate,
clear, and consistent messaging and branding,

2. It makes it easier for individuals to participate in disseminating materials without
reinventing the wheel each time they want to present materials,

3. Itis a convenient collection of materials for network members to refer to when
participating in EOP activities,

4. It makes it easier for various individuals to learn about and engage with EOP and can
help diversify the people and institutions involved in efforts to integrate sustainability in
engineering education,

5. It serves as a mechanism for all engaged and interested stakeholders to raise their voices
to emphasize the imperative for change in engineering education at this crucial time.



The EOP Toolkit is modeled after a toolkit developed by the American Association for the
Advancement in Science (AAAS) Science & Technology Policy Fellowships program to allow
their alumni to promote the fellowship opportunity [34].

What is in the EOP Toolkit, and how is it used?

The EOP Toolkit is currently being developed as a pilot resource and will evolve based on users'
needs and feedback. A core component of the toolkit is a branded slide deck that can serve as a
template for presentations about EOP, along with several pre-filled slides describing the EOP
initiative as a whole, the EOP Framework, and the EOP Network. The toolkit also contains
materials including the EOP Framework, two framework companion teaching guides, a literature
review conducted for the EOP initiative, case studies highlighting how the framework has been
used to date, branding guidelines and logos, an EOP overview video, and template social media
posts that can be used to promote presentations, events, convenings, the network, resources,
among others (Figure 3 & Figure 4).. Also in development are a one-pager of relevant talking
points for the EOP initiative, lists of conferences that may be valuable opportunities to share
about EOP messaging, etc. Future toolkit components may include workshop guides to share the
EOP Framework, templates for developing EOP-related sessions at conferences, and a repository
of members’ EOP-related presentations.
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Figure 3. EOP Toolkit includes multiple items for various dissemination methods. This EOP
Toolkit slide deck. This slide deck includes information for presenters of the slide deck as well as
additional items for those who would present the work at any of the dissemination scenarios and
case studies presented later in the paper.

The EOP Toolkit is intended to be accessible to all network members and, upon request, with
guidance for non-network members. EOP Network members can self-select to serve as
champions of the toolkit, developing expertise in its contents to aid non-network members in its



implementation. All network members interested in developing an outreach opportunity for the
EOP vision have access to the toolkit through a shared online folder and are asked to complete a
brief online form so that the EOP Network can track outreach events information and attendee
numbers, etc. For individuals outside the network, an email request to use the toolkit may be sent
to the manager@engineeringforoneplanet.org. The EOP Network manager will respond to the
request and put the requester in touch with a toolkit champion who will provide access to the
materials and an opportunity to discuss and brainstorm ideas for the outreach opportunity.
Additionally, a resource pack will be made accessible on the EOP website to support any
outreach opportunities and framework sharing and implementation efforts.

The EOP Toolkit can also be helpful when there are opportunities for broad dissemination, such
as coordinated campaigns on social media for upcoming events featuring EOP.

A Potential Conference Collaborations
Name Website Date:
ABET Symposium https://www.abet.org/events/abet-symposium/ April

AAAS https://meetings.aaas.org/ Feb.

’ American Indian
Science and X "
Engineering https://conference.aises.org/ Oct.
Society

LY 'S

American Society
for Engineering https://www.asee.org/home June
Education

B cee = Social Media Guide
Website URL: https://engineeringforoneplanet.org/
o 9 LinkedIn: Use @£EngineeringforOnePlanet
e 4 J Twitter: Use #EngineeringforOnePlanet

Other Potential Hashtags: #EngineeringforOnePlanet
#sustainability #environmental Hengineering #highered
- & #engineeringeducation #sustainableengineering

Figure 4. EOP Toolkit includes multiple items for various dissemination methods, in addition to
the Slide Deck in Figure 3. It also includes A) Various conferences where EOP Network
members plan to disseminate the EOP Framework to other engineering education communities.
B) Social media example postings for EOP dissemination. lllustrations were used from Undraw.
co and visualization done in Datawrapper.de.

Evaluating the Toolkit

As a pilot program, the EOP Toolkit will benefit from user feedback. A brief survey will be
developed for toolkit users, and toolkit champions will be encouraged to reach back out to users
after their outreach event to solicit feedback. With permission from the user, the user’s



presentation may also be stored in a repository of materials that other users can adapt and share
its benefits.

EOP Network members can use the EOP Toolkit to disseminate the EOP Framework and other
EOP materials. This information can be disseminated in many different modes, both in formal
university spaces, professional associations, and non-academic-based spaces (e.g., conferences,
workshops, etc.). In the following subsections, we share outtakes from case studies written by
EOP Network members from across sectors, including faculty members at higher education
institutions, to those involved with nonprofits.

In the last two years, faculty have used the EOP Framework to create or modify dozens, possibly
hundreds, of diverse design and engineering courses in the United States and globally. A few of
these change efforts have been funded and therefore tracked and shared by The Lemelson
Foundation, but many have been advanced by faculty members working independently. The EOP
website includes case studies, examples, lessons learned, and tools to help faculty interested in
adapting and adopting curricular change practices. While curricular change is always
challenging, lessons learned are shedding light on approaches that yield success [21].

Internal or University-Based Dissemination Scenario

Case study 1: Using the EOP Framework in an existing course and undergraduate
sustainability minor.

Implementation: Jorge Loyo of Rice University and the NSF Center for Nanotechnology-
Enabled Water Treatment (NEWT) teaches an undergraduate course at Rice University called
Sustainable Water Purification for the Developing World (CEVE 314), a project-based course on
sustainable strategies for safe water supply in low-income and developing regions. Originally,
the course focused mainly on the engineering design elements of building a point-of-use drinking
water treatment device for a household in such a region. In addition, the course also discusses
factors beyond technology (e.g., social, economic, political) that influence the adoption of a new
technology/purification method and how, in most cases, the main barrier to safe drinking water
access is not the lack of technology, but one of these factors.

After teaching this course several times, Loyo became interested in incorporating more systems
thinking concepts into the course and came across the EOP Framework online. Reading through
the student learning outcomes outlined in the framework, he realized that he was already
addressing many of them. However, having a framework allowed him to have a more coherent
and better-organized structure of the course’s learning goals.

Lessons Learned: As with any significant course restructuring, the main challenge in
redesigning this course was time. The EOP Framework facilitated the work by providing a
blueprint allowing Loyo to gradually change the course. He started the process by mapping
learning outcomes already covered in the course, identifying outcomes that need to be introduced
from the framework, and planning activities to achieve these outcomes. Another important
challenge was to learn new sustainability-focused concepts that needed to be incorporated into
the course. For example, Loyo plans to make systems thinking as much of a focus of the course
as engineering design currently is, but identifying specific learning outcomes and their



corresponding activities represented a greater learning curve than he initially expected. In this
instance, however, the EOP Framework has also served as a guideline to modify the course,
greatly facilitating the work.

Currently, CEVE 314 students are not explicitly aware of the EOP Framework per se, only the
individual learning outcomes. Still, Loyo recently started using the framework to advise students
of Rice’s Energy and Water Sustainability undergraduate minor. The framework serves as a
blueprint to plan their elective courses, selecting those that address the learning outcomes they
still need to acquire.

Case study 2: Using the EOP Framework in a new course cross-listed between an
undergraduate engineering program and a graduate design program.

Implementation: Dustyn Roberts of the University of Pennsylvania Mechanical Engineering &
Applied Mechanics Department co-developed then co-taught a course called How To Make
Things with Taylor Caputo after being awarded a VentureWell Course and Program Grant in
2021. The proposal focused on the development of the course, and sustainability was a required
element. They used the EOP Framework and some exercises on VentureWell’s Tools for Design
and Sustainability website [35] to integrate sustainability concepts methodically throughout the
semester-long course. Projects and lesson plans included aspects of the design, materials
selection, and environmental impact assessment sections of the EOP Framework.

Lessons Learned: Unlike implementation in existing classes where the EOP Framework material
might displace or change content that has been part of the class for semesters (or decades),
implementing the EOP Framework in a new class is much more straightforward. In backward
course design [36], a new course is designed by first identifying the desired results, then
determining acceptable evidence, and finally by planning learning experiences and instruction.
When the EOP Framework is used as a tool to identify the desired results and learning outcomes,
then learning experiences and instruction can be designed such that students can demonstrate
evidence of having achieved the learning outcomes.

A project was developed as part of the class that leveraged both the Design and Materials
Selection topic areas of the EOP Framework. The students had to integrate aspects of
sustainability into an original cast product. Examples include (Figure SA) cardboard panel
connectors cast with plastic along with shredded cardboard and (Figure 5B) knitting looms made
with plastic along with a shredded canvas. In both cases, discarded material (cardboard or
canvas) was used to displace up to 40% of the volume of plastic that would have otherwise been
needed to cast the product.
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Figure 5: A) cardboard panel connectors cast with plastic along with shredded cardboard and
B) knitting looms made with plastic along with a shredded canvas.

However, it can be challenging to design learning experiences that address the EOP Framework
outcomes at the appropriate Bloom’s Taxonomy level and fit within a semester (or trimester or
quarter) schedule and everything else that should be covered. For this reason, instructors should
start by prioritizing the most important outcomes from the EOP Framework and focus on quality
over quantity within a single course. Additionally, many of the outcomes relate to or overlap, so
instructors should reference the EOP Framework: Comprehensive Guide to Teaching Core
Outcomes to choose outcomes that maximize student exposure to the nine different topic areas of
the EOP Framework [31].

Case study 3: Using the EOP Framework in a project-based course, senior design team, and
undergraduate student competitions.

Implementation: Andrew Schulz of Max Planck Institute of Intelligent Systems, formerly at
Georgia Institute of Technology School of Mechanical Engineering, developed and taught a
course centering on conservation technology at Georgia Tech, helping engineers work on
sustainability solutions for preventing the sixth mass extinction [1], [4]. Systems Thinking is the
central topic in the EOP Framework which is critical in a senior design project. Using the EOP
Framework in early reports with the students, we worked on integrating connections to
disciplines outside of the traditions of mechanical engineering. Additionally, at Georgia Tech,
we are connecting students in the classroom with the tools of education of green engineering. We
connect these students with green engineering through Conservation Tools and Tool Generation
in the form of computer vision, mechanical design, and more [37], [38]. This course at Georgia
Tech has become a student organization, and the EOP Framework has helped form the objectives
and visions of the student organization.

When designing a student organization, there is usually an organizational purpose, organization
objectives, bylaws, and constitution. Using the EOP Framework with a leadership team, we
constructed our objectives and purpose based on the foundational objectives of the EOP initiative
and its overlap with our organization’s goal of Conservation Technology. Additionally, the



student organization looked to other student organizations, including Engineers Without Borders
(EWB) and the Society of Women Engineers (SWE), to create more formalized documents of
bylaws and constitutions.

Lessons Learned: Students often focus on senior design and the deliverables that are graded and
assessed. In this case, the EOP Framework implemented into their project was not a graded
portion. In future senior design classes, it would be essential to add the framework as a graded
assessment category. It became clear that it was not a priority for students as several other graded
deliverables needed to be accomplished, and the framework fell by the wayside.

Case Study 4: Using the backward design method mapped to the EOP Framework for an
introductory engineering seminar course.

Implementation: Nelson Granda of West Carolina University School of Engineering and
Technology used the EOP Framework —mapped to the backward design method— to develop a
new undergraduate first-year seminar course focusing on basic sustainability knowledge. The
backward design method was first presented by Wiggins and McTighe in 2005 [39] and later
revised by the Indiana Center of Innovative Teaching and Learning. This method is effective for
implementing new content or revising courses and broader curricula in any discipline. The
backward design method begins by asking two questions: /) What do I want my students to be
able to think and do by the end of this course? 2) How will my students be different by the end of
the course?

Lessons Learned: Granda found the EOP Framework to be flexible to implement. Faculty
members can choose which student learning outcome(s) their course will address. Using the
guidance found in the integration flowchart in Figure 6, educators can take advantage of the
backward course design method, the EOP Framework, and other EOP resources to infuse
sustainability skills and knowledge in current courses or can design a completely new course, as
is demonstrated by Table 1.

[Backward Design Question] [ EOP Framework }

~

EOP Framework category: system

How will the student sustainability
mindset be different by the end of
the course?

Course Goals
[

thinking, knowledge and
understanding, skills, experiences
and behavior.

~

How will T know they have changed
their mindset?

v

Assessments
I

EOP Framework category: from the
nine topics of the EOP categories,
what will be assessed?

What student evidence is needed to
successfully demonstrate change?

S © &

EOP Framework leaming outcomes
selection. Select core and/or
advance outcomes based on course
level and assessment.

What must the students think, do,
and feel, with instructor’s
facilitation to achieve the outcome?

Lecture Lecture Lecture
and Class and Class and Class
Activities Activities Activities

o

Instructor defined activities with
guidance from EOP Framework.

J

Figure 6: EOP Framework and backward course design integration guidance for Case Study 4.



Table 1: Leveraging Backwards Design & the EOP Framework Categories. Backward Design
Method mapped to the student learning outcomes, as an example of integrating the EOP
Framework into an introductory seminar engineering course.

Skills,
Guided Knowledge & Experiences, and
Level Question Systems Thinking Understanding Behaviors
rsetggggitzsestr;\i"worl d Students shall Students shall use
What will the as a complex system understand and critical thinking,

Course Goals

Global
Assessments

Learning
Outcomes (LO)

Course Activities

students learn to
be different?

How will | know if
the students have
changed as
expected?

What quantitative
and qualitative
evidence is
needed for the
students to
demonstrate their
changes?

What must the
students think,
do, and feel to
achieve the

outcomes with
the instructor's
facilitation?

of interconnected
environmental,
economic, and social
factors.

Students bring to
discussion topics of
local, national, and
global impact related
to sustainability.

CORE LO 2: Identify
dynamic impacts
between and among
different parts of the
system (i.e., social,
environmental, and
economic
considerations).

Weekly sustainability-
related news
discussions. Students
reflect on local, state,
national, and global
news, looking for
interconnects of
social, environmental,
and economic issues.
Reflection Paper,
Small-Group
Discussions

recognize basic
sustainability-focused
theories and
concepts.

Students use correct
environmental literacy,
social responsibility,
and responsible
business and
economy concepts.

CORE LO 2
Environmental
Literacy: Explain the
whole life-cycle and
closed-loop systems
thinking related to
their work's impact
(e.g., understanding
life-cycle burdens of
design alternatives).
CORE LO 1 Social
Responsibility:
Identify the United
Nations Sustainable
Development Goals.
Advanced CORE LO
2& Responsible
Business & Economy:
Explain sustainable
use and disposal
practices to
consumers & locate
funding sources for
public infrastructure.

Learn the basics of
Life-Cycle
Assessment (LCA)
methodology. Read
LCA cases and
present a summary of
journal articles. Learn
about the SDGs and
the UN 2030 Agenda.
Learn and understand
how the recycling
system on campus
works. Learn and
apply to opportunities
for funding offered by
the university to
implement
sustainability
initiatives.

communication, and
teamwork related to
basic sustainability
skills.

Students research
and present local,
regional, or global
issues of interest to
them. When students
states their opinion
and recognizes
others respectfully.

CORE LO 5 Critical
Thinking: Examine
norms, biases, and
values that underlie
one's behaviors (i.e.,
normative thinking
and cognitive
dissonance.
ADVANCED LO 2
Communication &
Teamwork: Develop
and maintain
relationships through
interpersonal skills,
identify and relate to
different
perspectives

Research bases for
climate change
proponents and
deniers, work in
teams, and debate
each side—individual
and group
presentations. In the
final projects,
research one SDG
and present it to the
classroom showing a
local or national
effort supporting the
SDG presented.



External or Non-University-Based Modes
Case Study 5: Sharing the EOP Framework at conferences.

Implementation: Cindy Anderson of Alula Consulting, an independent sustainability-focused
consulting firm, has shared the EOP Framework at numerous professional conferences through
plenaries, lectures, and workshops, as well as through webinars and focus groups. Key recent
conferences include the ABET Symposium 2023, Annual Colloquium on International
Engineering Education (ACIEE) 2022, the Association of Advancement of Sustainability in
Higher Education (AASHE) 2019, Engineering Change Lab USA Summit 2020 [40], Deshpande
Symposium 2020, Green Chemistry and Engineering 2020, KEEN National Conference 2020,
National Academy of Inventors (NAI) 2020 [41]. Others have also shared about the EOP
Framework at conferences, including ASEE 2021 [23], ASEE 2022 [25], and VentureWell’s
OPEN 2021 [42].

Lessons Learned: During most presentations, there are two common questions raised by
audience members: 1) The EOP Framework is excellent, but zow do I implement the
framework? 2) Where can I find sustainability-focused resources and tools in my classrooms?
We now have two “how to” EOP Framework companion teaching guides that support the
implementation of the EOP Framework (Figure 2B-C, [31], [32]), which link to freely available
online teaching materials and resources to address these two commonly asked questions.

Case study 6: Using the EOP Framework in a Non-profit setting.

Implementation: Supraja Kumar of the Smart Surfaces Coalition served as a project manager
and volunteer with EWB-USA, working on environmental engineering projects in developing
regions during and following her undergraduate program in mechanical engineering. Throughout
Kumar’s experience with EWB-USA, sustainability was a crucial part of successful
implementations and lasting impact. One of her projects was focused on developing a clean and
reliable water source for a village in western Kenya while collaborating with local partners,
engineering contractors, and NGOs. While she was unfamiliar with the EOP Framework at the
time, the topical areas of Systems Thinking, Social Responsibility, and Environmental Literacy,
along with core competency in Design, Materials Selection, and Critical Thinking, were all
directly applicable to reaching the goals of this community-led water project.

Lessons Learned: When implementing engineering principles in fieldwork, especially in a
developmental context, integrating high-level technical core competencies with community
needs and culture is critical. Some key challenges, in this case, were tying together elements of
communication and environmental literacy with design principles, as the team had not previously
worked in this village. However, after taking time to communicate with community leaders and
better understand their needs effectively, it became very straightforward to do so. The EOP
Framework serves as a natural guideline for non-profit engineering endeavors, making it easy to
incorporate these principles in the planning process and better define the path to desired
outcomes.



Applications to Environmental Justice and Diversity, Equity, and Inclusion.

While these different case studies demonstrate use cases to implement the EOP Framework, it is
essential to understand that in disseminating knowledge about sustainability and the
environment, we must also consider the historical influences and cultural impacts of this
framework, including the applications to the field of environmental justice (EJ) as well as
diversity, equity, and inclusion (DEI).

If contemporary engineers consider climate change a “carbon problem,” how do they frame
sustainability [43]? An engineering education paradigm shift is required to change how engineers
frame and solve challenges to protect the planet's health and all species. Engineers tend to
technologize their way out of problems, often without considering their solutions’ life-cycle
assessment or societal implications. Others have already proposed changing engineering
education to be more holistic, so engineers are also taught to evaluate problems and solutions
socially and ecologically [44]. This alternative prepares engineers to gather non-technical
knowledge from those they are trying to help, whether in communities or groups of individuals
with similar needs. Since engineering is a profession centered around ethics and professional
duties, engineers need to be appropriately trained in non-technical knowledge to fulfill their
responsibilities to society.

Service learning helps engineering students engage and retain knowledge [45] while increasing
social responsibility [46]. However, a mismatch exists [47] between being a capable engineer
and possessing cultural and environmental awareness related to engineering applications.
Furthermore, there is a negative association between community group experience and White-
identifying engineers and income [30],[48]. It is important to note that female students are more
likely to study engineering to have a positive impact on society [49]. Successful community-type
collaborations, which often focus on cultural and environmental challenges, require engineers to
have experience in such collaboration styles to gain the necessary knowledge, skills, and cultural
awareness. Time availability, funds, rapport, and knowledge deficit are the main barriers to
collaborating with community groups. The same study found a desire “that institutions help
augment knowledge and educate participants on community issues” [48]. Unfortunately, a
STEM education can diminish one’s community concerns [49], [50]. To increase the attraction
and retention of minoritized engineering students, social responsibility, sustainability training,
and community collaboration must be further incorporated into engineering education.

Conclusion

The intention of this newly launched and continuously evolving EOP Toolkit is to enable broad
dissemination of vetted tools to help engineering faculty members teach sustainability using
resources from the EOP initiative and to serve as a mechanism to engage a diversity of
stakeholders to use their voices, experience, and connections to share widely about the need for
national curricular change in engineering education to foster the integration of sustainability-
focused learning outcomes into engineering courses and programs. This is particularly important
for graduating engineers at this crucial time when we collectively face a convergence of national-
and global-scale planetary crises that professional engineers will directly and indirectly impact.
The authors encourage EOP Network members and other stakeholders from the engineering



education community to leverage the EOP Toolkit to disseminate and utilize the EOP
Framework and associated teaching materials to foster the development of sustainability-focused
engineers.
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