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RFE-NLI: A Collaborative Approach to Advancing Sustainable Engineering
Education

Background

Engineering education is at a critical juncture as global challenges such as climate
change, resource depletion, and environmental degradation increasingly demand a
workforce capable of designing with sustainability considerations [1], [2]. Integrating
sustainability into engineering curricula is therefore essential for preparing engineers to
address complex, interconnected problems [3], [4]. National and international efforts,
including the Engineering for One Planet (EOP) Framework, have articulated clear
sustainability learning outcomes for engineers [5]. Yet, despite this widespread
recognition, faculty continue to face challenges in translating sustainability goals into
concrete classroom practices, including limited curricular space, uncertainty about how to
assess sustainability learning, and a lack of discipline-specific resources [1], [6], [7].

This need motivated the creation of the Collaborative Research in Engineering with
Action Toward Environmental and Social Sustainability (CREATESS) network. This
network brings together engineering faculty from three institutions (Arizona State
University, Kennesaw State University, and Villanova University) as teacher-researchers
(TRs) to collaboratively design, implement, and study sustainability-focused instructional
interventions in their own classrooms. Working across institutional contexts, the program
seeks to build an evidence base about which curricular and instructional practices most
effectively support students’ learning of sustainability concepts, while also documenting
the motivations, supports, and challenges faculty encounter as they integrate one or more
topic areas of the EOP Framework. By positioning faculty as classroom-based
researchers and encouraging data-driven course modifications, the project allows us to
investigate not only what instructional approaches emerge, but also how professional
learning communities and local support structures shape sustainability integration.

Conceptual Framework

We use a Community of Practice (CoP) structure and a Collaborative Action Research
(CAR) model to support faculty in implementing, studying, and refining sustainability-
focused teaching. The CoP provides social and professional infrastructure, creating a
space where faculty can collaboratively develop ideas, build confidence, and normalize
the challenges of curricular change. CAR provides the methodological backbone for this
work by enabling faculty to systematically design, implement, and study sustainability-
focused interventions in their own courses, generating evidence to guide instructional
refinement and build knowledge about what works [8].

CAR overarches three complementary theories that guide our work: (i) a CoP
perspective, which emphasizes collaborative experimentation and risk-taking in a
supportive environment [9]; (ii) a social theory of agency, which positions faculty as
active agents in shaping curriculum change and their own professional growth [10]; and
(ii1) situated learning theory, which emphasizes applying new knowledge within



authentic classroom contexts [11]. Together, these theories create a dynamic framework
where faculty engage in iterative cycles of planning, acting, observing, and reflecting to
meaningfully integrate sustainability.

Methods

The research design for this study is divided into micro- and macro-level approaches. At
the micro level, the Principal Investigators (PIs) and TRs work together to examine how
well the CAR projects promote student learning of sustainability concepts, uncovering
effective curricular and instructional practices. At the macro level, project Pls collect data
to better understand faculty motivations, challenges, and opportunities for integrating
sustainability education in engineering classes. Interviews and focus groups with TRs, PI
reflections, and CoP artifacts are used to discern patterns, reasoning, and opportunities
for enhanced engagement to encourage more widespread integration of the EOP
Framework and sustainability topics into engineering curricula.

During the first year of the project, the team established the core structures necessary to
support faculty as they engaged in sustainability-focused instructional transformation
through CAR. This included recruiting eight engineering faculty or TRs across three
institutions and launching a cross-institutional CoP designed to foster collaborative
learning, reflective inquiry, and disciplinary innovation. Across six virtual CoP sessions,
three institutional CoPs, and the first in-person retreat, TRs developed foundational
knowledge of the EOP Framework and were introduced to tools such as the Test Card
method [12], an inquiry design workbook, and structured reflective prompts to support
the development of context-specific sustainability interventions. The in-person retreat
provided a pivotal opportunity for TRs to articulate sustainability goals, align course
learning outcomes with EOP learning outcomes, and draft preliminary inquiry plans with
corresponding assessments and data collection strategies.

Across monthly CoP sessions, PIs worked closely with TRs on advanced professional
learning experiences, including research methods training using a structured workbook
approach, exploration of research design through a facilitated Article Club, and iterative
opportunities for reflective practice. Institutional CoPs provided space for tailored
support within disciplinary and departmental contexts, while cross-institutional meetings
cultivated peer-to-peer feedback, collaborative troubleshooting, and the sharing of
emerging classroom intervention plans. A focus group was conducted at the in-person
retreat, dividing TRs into two sub-groups. Data were analyzed qualitatively with an
inductive approach and constant-comparison method [13] to uncover emergent themes.

Findings

Thematic analysis revealed three key findings that inform both faculty development and
broader curricular transformation: (1) desire for practical tools and resources; (2)
uncertainty around assessment design; and (3) community and peer support as a
motivator. In the following paragraphs, we elaborate on these themes, embedding
participant quotes.



Desire for practical tools and resources

TRs asked for practical tools and materials they can adapt quickly. They suggested that
access to curated, discipline-relevant resources could help reduce barriers to
implementation, as evident in the following quote: “I think even just like a dictionary or a
library of things like that would be really helpful. Like, oh, here’s stuff that you can take
and plug in, whether assessments or like different types of tools to do like ROIs or
whatever, because I feel like, at least for me, that can be a barrier to entry sometimes.”
Suggestions included “some examples of how this is done... for different, similar
scenarios,” publications, guidelines, “handouts to share with the students — like, this is
how different things that you can use to address different topics, broader impacts of
design,” and a shared database of EOP-relevant tools and “wow” cases/examples to spark
student interest.

Uncertainty around assessment design

While TRs were somewhat confident about designing activities, they were less certain
about measuring outcomes like systems thinking and sustainability mindset. They
indicated a need for more guidance in developing meaningful and manageable
assessment strategies that are valid, scalable to large sections, and aligned to EOP
outcomes. The following quote captures the overall sentiment of the group: “I have the
vision... I don’t have the tools to do it.” Many flagged grading load as a barrier and
requested examples of efficient, low-overhead strategies. Several also raised the idea of a
common instrument, for example, a short pre/post that avoids survey fatigue and fits
large classes. A few recognized that “activities and our assessments and assessment
tools” are linked together and “we need to do our assessment of the assessment tools.”
Overall, TRs seemed to agree that most engineering courses reward only the technical
work; so “broader impacts” like sustainability get bolted on at the end, if at all. To change
that, both learning assessments and faculty mindsets need to shift so sustainability is
treated as integral across disciplines, not just an add-on for environmental or civil
engineering. The following quote captures this theme: “We’ve only taught them. We’ve
really focused and valued the technical information primarily, because that’s what they’re
getting points and grades for, right? Like, in a lot of courses, you’re not getting the
checks for these broader impacts. It’s just not what we’re doing in our, in many of our
engineering courses. I don’t want to, like, paint with too broad of a brush, but I know in
my courses it’s been that way, and we’ve allowed it to be acceptable to just kind of tack
this on to the end. And so, hopefully, we can change the thinking, but I think our thinking
also needs to change.”

Community and peer support as a motivator

Finally, the community of peers itself emerged as a powerful motivator that fostered
collaboration, accountability, and shared problem-solving. TRs credited the cross-
institution CoP structure with helping them move ideas from concept to implementation.
They valued (a) “critical friend” feedback on test cards; (b) brief peer review of
instruments before fielding; and (c) seeing parallel implementations in other disciplines
to spark transfer. Several asked to formalize this with small working groups by
assessment method or topic. The community not only accelerated implementation in the



short term but also built the habits and relationships needed to sustain iterative
improvement over time.

Discussion

As early-stage work, these findings primarily reflect progress on two project objectives:
(i) establishing and sustaining a CoP that builds TRs’ understanding of the EOP
Framework; and (ii) using CAR and CoP structures to help TRs design classroom
inquiries. The focus group data reported here constitute the first dataset in a longer,
iterative process. Preliminary findings suggest that faculty are more likely to engage in
sustainability integration when they have access to concrete, contextually relevant tools
along with established frameworks [3], [6]. Faculty development must move beyond
awareness of the EOP Framework to co-construction of adaptable materials and design
patterns. This need is not a deficit but a design cue. Structuring the CoP as a space where
TRs can collectively author and refine these artifacts, rather than simply receive them,
aligns with agency theory and key tenets of action research by positioning faculty as
designers and researchers, not just implementers [8], [14], [15].

The uncertainty around assessment and the centrality of community speak directly to
faculty motivations, challenges, and opportunities. TRs’ concerns about “how to know”
whether students are developing systems thinking or sustainability mindsets echo long-
standing tensions in engineering education between preferences for easily graded
technical tasks and the need to assess complex, socio-technical outcomes [1], [7], [16].
Our results suggest that demystifying assessments through shared examples, low-
overhead methods, and collaborative analysis in the CoP is almost essential to sustaining
faculty motivation.

In the next phase, each TR will implement their action research project, iterating through
cycles of planning, acting, observing, and reflecting across the Fall 2025 and Spring 2026
terms in collaboration with local PIs and the broader network [17]. Future data collection
will include additional focus groups, reflective interviews, classroom observations, and
artifacts from implemented activities, enabling us to co-construct dissemination products
and strategies that support wider adoption of successful practices in engineering
education. Designing faculty development that explicitly leverages this peer
infrastructure via thematic working groups, shared instruments, and co-constructed and
co-authored dissemination may be a key mechanism for scaling sustainability integration
work beyond early adopters and across diverse institutional contexts.

Acknowledgements

This material is based upon work primarily supported by the National Science
Foundation (NSF) and the Lemelson Foundation under Award Number EEC-2430560.
Any opinions, findings and conclusions, or recommendations expressed in this material
are those of the author(s), and do not necessarily reflect those of the NSF or the Lemelson
Foundation.



References

[1] D. Wilson, “Exploring the Intersection between Engineering and Sustainability
Education,” Sustainability, vol. 11, no. 11, p. 3134, Jun. 2019, doi: 10.3390/sul1113134.
[2] “NSF-Lemelson Initiative on Environmental and Social Sustainability in Engineering
Education.https://www.nsf.gov/funding/opportunities/dcl-nsf-lemelson-initiative-
environmental-social-sustainability

[3] M. J. Martin et al., “The climate is changing. Engineering education needs to change
as well,” J. Eng. Educ., vol. 111, no. 4, pp. 740746, Oct. 2022, doi: 10.1002/jee.20485.
[4] C. Chatpinyakoop, P. Hallinger, and P. Showanasai, “Developing Capacities to Lead
Change for Sustainability: A Quasi-Experimental Study of Simulation-Based Learning,”
Sustainability, vol. 14, no. 17, p. 10563, Aug. 2022, doi: 10.3390/sul41710563.

[5] “EOP Framework,” Engineering for One Planet. [Online]. Available:
https://engineeringforoneplanet.org/eop-framework/

[6] S. Parry and E. Metzger, “Barriers to learning for sustainability: a teacher
perspective,” Sustain. Earth Rev., vol. 6, no. 1, p. 2, Jan. 2023, doi: 10.1186/s42055-022-
00050-3.

[7] O. K. Sabri, “Rethinking sustainability in engineering education: a call for systemic
change,” Front. Educ., vol. 10, Jun. 2025, doi: 10.3389/feduc.2025.1587430.

[8] G. J. Pine, Teacher Action Research: Building Knowledge Democracies. Los
Angeles: SAGE Publications, Inc, 2009.

[9] J. Lave and E. Wenger, Situated Learning: Legitimate Peripheral Participation.
Cambridge: Cambridge University Press, 1991.

[10] J. Wiseman et al., “Towards a Social Theory of Agency,” J. Manag. Stud., vol. 49,
no. 4, pp. 803-832, 2012, doi: 10.1111/j.1467-6486.2011.01016.x.

[11] P. Cobb and J. Bowers, “Cognitive and Situated Learning Perspectives in Theory
and Practice,” Educ. Res., vol. 28, no. 2, pp. 4-15, Mar. 1999, doi:
10.3102/0013189X028002004.

[12] “Validate Your Ideas with the Test Card.” [Online]. Available:
https://www.strategyzer.com/library/validate-your-ideas-with-the-test-card

[13] J. M. Corbin and A. L. Strauss, Basics of Qualitative Research: Techniques and
Procedures for Developing Grounded Theory, 4th ed. Thousand Oaks, CA: Sage
Publications, 2015.

[14] A. J. Mills, G. Durepos, and E. Wiebe, “Agency,” in Encyclopedia of Case Study
Research, SAGE Publications, Inc., 2010, pp. 13—16, doi: 10.4135/9781412957397.

[15] K. Peia, M. Dalal, and J. M. Andino, “Work in Progress: A Case Study of a
Community of Practice Model Fostering Faculty Scholarship of Teaching and Learning
of the Entrepreneurial Mindset,” presented at the 2024 ASEE Annual Conference &
Exposition, Jun. 2024.

[16] K. E. Dugan, E. A. Mosyjowski, S. R. Daly, and L. R. Lattuca, “Systems thinking
assessments in engineering: A systematic literature review,” Syst. Res. Behav. Sci., vol.
39, no. 4, pp. 840-866, 2022, doi: 10.1002/sres.2808.

[17] P. Reason and H. Bradbury, “Introduction: Inquiry and Participation in Search of a
World Worthy of Human Aspiration,” in Handbook of Action Research: Participative
Inquiry and Practice, Sage Publications, Thousand Oaks, pp. 1-14, Jan. 2001.



