
2 This chapter describes InTeGrate, a national sustainability
curricular development program, and the influence of the program
on instructors who created the curriculum as well as those who
utilized the InTeGrate curriculum in their courses.
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Addressing the grand challenges of living sustainably on our planet requires
curricula that draws from knowledge and skills across disciplines (National
Research Council 2001; Zoback 2001; UNESCO 2007). Yet research on sus-
tainability curriculum and how best to support this type of learning is lim-
ited. Prior international studies on sustainability education have focused
on understanding which particular pedagogical approaches are most effec-
tive for student learning (Mintz and Tal 2018; Sipos, Battisti, and Grimm
2008; Wals and Blewitt 2010; Domask 2007). Courses that address sus-
tainability and use active learning pedagogies promote more varied and
cognitively higher patterns of student learning outcomes (Mintz and Tal
2013, 2018) and students report more positive perceptions and greater
self-efficacy related to sustainability skills (Hopkinson and James 2010).
These findings are comparable to studies in the United States that have
demonstrated greater student learning gains in undergraduate natural sci-
ence courses where active learning strategies are employed as compared to
traditional lecture (Handelsman et al. 2004; Deslauriers, Schelew, and Wie-
man 2011; Freeman et al. 2014).While the international studies underscore
an emergent relationship between sustainability curricula, active learning
pedagogies, and student learning outcomes, a gap exists in the literature in
understanding benefits perceived by faculty who create such curricula. Also,
because the creation of sustainability focused curricula can be difficult (see
Dupigny-Giroux 2010 and Evans 2015), more knowledge is needed about
the influence of it on faculty practices and if that influence is sustained.
Moreover, even less is understood about the downstream influence on the
teaching practices of faculty. In this chapter, downstream, is used to describe
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36 TEACHING AND LEARNING ABOUT SUSTAINABILITY IN HIGHER EDUCATION

faculty who did not create sustainability curriculum but adopted the cur-
riculum created by others. This construct is important to understand as only
a few faculty may be a part of creating a sustainability curriculum but many
more faculty can utilize and be impacted by what is created. Therefore, the
Interdisciplinary Teaching about Earth for a Sustainable Future (InTeGrate)
program aimed to bring into use curricula that connected sustainability and
learning about the earth to societal issues and provide access to the cur-
riculum for other instructors. This study provides an empirical look at the
impact on instructors interacting with sustainability curriculum in different
ways across multiple institutions and disciplines via InTeGrate. It reveals
the influences on those who were material developers and also those faculty
further downstream including those mentored and unmentored in relation
to the curricula. This study centers on the following research questions:
What did instructors find beneficial while creating, modifying, and utiliz-
ing InTeGrate sustainability materials and overtime? How did the creation
and utilization of the sustainability curriculum influence instructors’ use
of active learning techniques? How did structuring the curriculum around
guiding principles focused on sustainability education influence instruc-
tors’ teaching?

Interdisciplinary Teaching About Earth for a Sustainable Future
(InTeGrate)

Interdisciplinary Teaching about Earth for a Sustainable Future (InTe-
Grate) is an NSF-funded program that used multiple approaches to support
instructors. First, the project brought together interdisciplinary, interin-
stitutional materials development teams of instructors to create curricular
materials that addressed a grand challenge and made use of active learning
pedagogy (Material Developers, Science Education Resource Center 2018a).
In addition, the program offered mentored and unmentored approaches
aimed at supporting downstream faculty, those instructors who adopted the
curriculum created by materials developers. InTeGrate supported imple-
mentation programs at a range of institutions that made use of the InTe-
Grate curricular materials and ideas within institutional programs (Men-
tored Instructors, Science Education Resource Center 2018b). Finally, the
project offered professional development activities to facilitate the adoption
and adaptation of InTeGrate materials, principles, and processes (Unmen-
tored Instructors, Science Education Resource Center 2016; Kastens and
Manduca 2017a).

TheMaterial developer teams consisted of three instructors from differ-
ent institutions and often coming from different disciplines who worked
together to create, pilot, and revise curriculum over a period of 2 to 3
years. InTeGrate implementation programs (Mentored instructors) at six-
teen different sites promoted models and strategies related to sustainability
and learning about the Earth across the curriculum. Instructors at these

NEW DIRECTIONS FOR TEACHING AND LEARNING • DOI: 10.1002/tl



CONNECTING LEARNING ABOUT THE EARTH TO SOCIETAL ISSUES 37

programswerementored in their use of thematerials and participated in fac-
ulty development over the course of up to 2 years. Finally, InTeGrate offered
more than eighty professional development workshops and webinars over 6
years aimed at facilitating adoption of thematerials (Unmentored instructors)
through shorter duration activities. All three groups intentionally facilitated
collegial collaborations and promoted ways of teaching about sustainability
and learning about the Earth. All experiences provided opportunity for fac-
ulty learning and resources to facilitate an on-ramp to changes in practice.

Unique to the InTeGrate curricular materials was an adherence to five
guiding design principles (Science Education Resource Center 2019). The
guiding principles originated from environmental science and geoscience
literature and articulated content and learning competencies critical for cur-
riculum related to sustainability and learning about the Earth (Table 2.1).
Participants of InTeGrate created or used curricula that adhered to these
principles and integrated active learning strategies. InTeGrate provides an
opportunity to understand the relationship between instructor’s adoption of
active learning strategies and sustainability curricula. In particular, it affords
a means of investigating this relationship and other influences on down-
stream faculty who adopt such curricula. Understanding possible synergies
is important as the interdisciplinary, systems-level nature of sustainability
curricula can be difficult for instructors who are experts in their field to
incorporate into their courses. The same is true for active learning pedago-
gies for those who are new to these strategies.

Methods

An interview study was conducted with fifty-one instructors who partici-
pated in InTeGrate. The semistructured interviews were conducted in the
fall of 2017 with instructors who had participated in InTeGrate sometime
from 2012 to 2016. Instructors were selected to include participants who
participated in the three different groups described above and represented
different disciplinary fields (e.g., geoscience, other natural sciences, social
science, and humanities). The interviews were conducted individually, and
recorded interviews were transcribed. All transcripts were iteratively coded
using Dedoose software. The first phase of coding involved descriptive cod-
ing based off of the research and interview questions (e.g., specific guid-
ing principle or benefit described) with codes added and adapted as pat-
terns arose. During the second phase patterns (common or uncommon
responses) and emergent themes were sought within the coded data per
group and iteratively across all groups. The interview results are described
as “later impacts.”

To understand the impact on instructors over time, reflection surveys
collected frommaterials developers during the curricular development pro-
cess (n = 107) and implementation program participants during their pro-
gram participation (n = 50) were analyzed and are referred to as “early
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Table 2.1. InTeGrate Guiding Design Principles for Curriculum

Design Principle Rationale

1. Must address one or more
geoscience-related grand
challenges facing society

The ways that environmental “grand
challenges” (National Research Council 2001;
UNESCO 2007) are addressed has
consequences for individuals and for broader
socioeconomic and political systems.
Moreover, understanding the workings of the
Earth system can provide critical insight
(Bralower et al. 2008).

2. Develop student ability to
address interdisciplinary
problems

The grand challenges require collaborations
beyond traditional natural science skills to
encompass a diverse set of skills that connect
Earth science with economic, societal, and
policy issues (UNESCO 2015).

3. Improve student
understanding of the nature
and methods of geoscience
and develop geoscientific
habits of mind

A key set of skills to problem-solving involves
explicitly connecting to the nature and
process of science (Lederman 2007) and
knowing about the Earth (Kastens, Manduca,
and Cervato 2009; Manduca and Kastens
2012; Manduca and Mogk 2006).

4. Make use of authentic and
credible data to learn central
concepts in the context of
scientific methods of inquiry

Central to improving and gaining skills in
addressing these challenges involves engaging
with real-world data about the Earth
(Manduca and Mogk 2002; National Research
Council 2008).

5. Incorporates systems
thinking

Earth system science literacy documents (Ocean
Science, NOAA et al. 2013; Atmospheric
Science, Johnson et al. 2008; Climate Science,
U.S. Global Change Research Program 2009;
Earth Science, Wysession et al. 2009) define
essential principles including systems
thinking as a critical skill.

Learning materials should promote the skills
needed for systems thinking (Scherer et al.
2017), such as defining and conceptualizing a
system and evaluating how the systems
functions (Maani & Maharaj 2004) and
understanding the structure and interactions
of the system (Pallant and Lee 2017) through
active learning approaches such as using
models (Monroe et al. 2015). See examples in
Stillings (2012), Kastens and Manduca
(2017b), or Gilbert et al. (2018).

impacts.” Reflection surveys were administered to materials developers just
prior to their pilot course enactment and following the revisions to the
curricula. Reflection surveys were administered to implementation pro-
gram participants following their participation period. Open-ended sur-
vey responses were coded using the primary themes that emerged from
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the interview analysis. Then, an iterative within-category sorting examined
how the characterization of a given theme had changed or remained con-
stant (Miles, Huberman, and Saldaña 2014). Finally, all survey responses
were analyzed for emergent themes not seen in the post implementation
study or patterns of response which might pose a rival hypothesis to
interpretations of interview themes. These analyses identified cross-cutting
themes that were reported at the time of participation and endured follow-
ing participation. The survey and interview protocols were aligned with
other measures used to understand the InTeGrate faculty experience (Sci-
ence Education Resource Center 2019).

Findings

Research Question 1. The first research question was: what did
instructors find beneficial while creating, modifying, and utilizing InTe-
Grate sustainability materials and overtime? In response to this research
question, we found that participating instructors highly valued their dis-
course and the collegiality that developed with other faculty related to the
creation and adoption of the curriculum. In the post-implementation inter-
view study, instructors reported on collaboration and teaching communities
that existed within all three groups, many extending beyond their depart-
ment, discipline, and institutions. Instructors credited their InTeGrate expe-
riences for these new interdisciplinary collaborations and an expanding
community of practice related to teaching (see Table 2.2 for findings by
group).

Materials Developers: Early Impacts. Materials development teams
recognized early the value of the collaborations across disciplines and
teams. In prepilot reflection surveys, nearly all materials developers identi-
fied collaboration with colleagues from multiple institutions as a best aspect
of their participation. They valued having the opportunity to learn from
the different perspectives, cultural backgrounds, and array of disciplinary
expertise. By collaborating on curriculum together, instructors stated that
they gained insight in how different active learning strategies would work
in their classroom and how to implement active learning strategies in the
future. Collaboration came with expected challenges such as coordination
of time and schedule, insufficient in-person meeting time, and uneven con-
tributions by team members. In addition, materials developers reported
challenges in bridging disciplinary divides and in reaching an understand-
ing about different institutional course structures and student bodies. As
one instructor stated, “Working with faculty from other disciplines was
sometimes challenging. Other disciplines seem to have varying ways of cre-
ating content and instructing students . . . ” Despite these challenges, when
asked to think back over the entire process in the materials developer final
reflection survey, following their course pilots, nearly three quarters of the
instructors described some aspect of the collaboration as what worked well.
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Table 2.2. Interdisciplinary Collaborations and Community Findings
by InTeGrate Instructor Group

While Participating After Participation

Material
Developer

Interdisciplinary
collaborations viewed as
“best aspect of work”

Interdisciplinary curricular
collaborations perceived as
challenge because of
different disciplinary
norms

Pushed to think differently
about teaching
sustainability curricula
and the need for
interdisciplinarity in
courses

Interdisciplinary
collaborations credited
with fostering knowledge
about norms, pedagogies,
habits of mind of other
disciplines and
underscored the need for
interdisciplinarity in
courses

Increase in learning
community related to
pedagogy and instruction

Created academic products
with collaborators

Mentored
Instructors

Fostered interdisciplinary
discussions

Increased engagement in
interdisciplinary learning
community related to
pedagogy and instruction

Created teaching and
learning communities
related to sustainability

Interdisciplinary curriculum
effort across university

Created academic products
with collaborators

Unmentored
Instructors

Learning community “for
now” utilized to answer
questions

Created academic products
with fellow participants

Instructors stated that the collaboration process pushed them to think dif-
ferently about teaching this type of curriculum.

But more than just a collaboration opportunity, instructors recognized
the value of the different disciplinary perspectives. One geoscience instruc-
tor argued that:

All faculty members should experience this in the beginning of their careers—I
think this would go a long way to changing the mindset that each instructor needs
to create their own content from scratch . . . and demonstrating how multiple per-
spectives collaborating creates a product that breaks boundaries and encourages
multi and interdisciplinary thinking in students is an important outcome.

Materials Developers: Later Impacts. For materials developers, the cre-
ation of modules with people outside their own disciplines allowed instruc-
tors to learn norms and teaching methodologies of other disciplines. In
interviews, many material developers described the interdisciplinary com-
munity as a resource. Their experience helped many see the need for inter-
disciplinary content in their courses. As a material developer reported, “It’s
been, it’s life changing . . . Like I said before, I had not really worked with
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people in different fields before. It’s like now I can’t think of myself as not
working with people in other fields.”

Mentored Instructors: Early Impacts. In reflection surveys immediately
following their participation, instructors reported that the experience gave
them time and space for more interdisciplinary conversations and the cre-
ation of a community around teaching and learning and other academic
undertakings. Nearly three quarters of thementored instructors reported on
the value they found from the collaborations surrounding InTeGrate mate-
rials. They stated that they developed new and deep collegial relationships
across departments and that these collaborations influenced their pedago-
gies and course designs, and in some cases led to other institutional work
including one funded grant proposal. As one instructor described these col-
laborations:

I’m an InTeGrate convert and in awe of my Environmental Science Colleagues,
we’ve begun to collectively work on addressing grand challenges through authen-
tic research and integrated approaches/attention to key habits. I’m also excited by
the linkages created with other liberal arts courses/other areas.

Mentored Instructors: Later Impact. The interdisciplinary teaching
communities were credited for improving teaching, providing teaching sup-
port, and starting interdisciplinary conversations around teaching. One
implementation program saw the need for integrating sustainability across
courses within a variety of disciplines and adapted InTeGrate materials to
a teaching effort at the university. One participant described it as a curric-
ular effort that previously had been “unheard of” at their institution and
explained:

We all visited each other’s classes, we all present professional presentations
together, we went to meeting together. We’re all writing up manuscripts on this.
And that’s something that, you know, I’ve never had a collaboration, in terms of
curriculum, that’s been as productive as this.

Faculty are often held accountable to contribute to the academic
community beyond teaching via conferences, articles, and other prod-
ucts. Instructors in all three groups utilized their InTeGrate created com-
munity to produce academic products such as conference presentations,
manuscripts, and textbook chapters.

Unmentored instructors had multiple and varied collaborations from
attending workshops including enhancing their teaching community. But
for others it was utilizing the “community for now” that was created at
the workshops, where they could ask questions and have discussions with
others interested in teaching and learning. One Unmentored instructor, who
attended several InTeGrate sponsored national workshops, “owed half of
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my career success to partnership that have come out of it,” which included
multiple academic papers and presentations.

Research Question 2. The second research question was: how did
the creation and utilization of the sustainability curriculum influence
instructors’ use of active learning techniques? As discussed earlier in this
paper, recent literature shows active learning pedagogy can improve student
learning outcomes within sustainability education courses (Mitz and Tal
2018; Hopkinson and James 2010). InTeGrate provided instructors access
to learning theory and embedding active learning techniques into sustain-
ability material. Faculty reported that this approach facilitated the uptake of
InTeGrate teaching strategies by individuals and departments. Faculty also
described how having interdisciplinary sustainability-focused curriculum
available, can help enable institutional changes toward sustainability and
active learning.

The InTeGrate materials had active learning pedagogy embedded
within the curricula. The creation and use of materials was perceived by
many participants as an on-ramp to active learning for themselves as indi-
viduals, and in some cases their programs and institutions. Most instructors
interviewed, in all three groups, decreased the use of traditional lecture and
increased active learning pedagogy in their courses. Those who reported
no change, stated that they were already using active learning techniques.
Many instructors said that their InTeGrate work led to conversations about
curriculum and instruction with fellow instructors in their program and for
some with instructors across disciplines and sometimes across institutions.
For others, their InTeGrate work provided knowledge about teaching and
learning that incentivized change in pedagogy (see Table 2.3 for findings by
group).

Materials Developers: Early Impacts. Materials developers recognized
how the process helped them be more explicit about linking their teaching
to student learning objectives and assessments. They reported in the reflec-
tion surveys how this alignment of objectives and assessments facilitated
connecting the science in the curricula to societal issues. The backward-
design approach (Wiggins and McTighe 2005) of aligning learning goals
with instructional materials made the “connections to non-earth science
topics (interdisciplinary) . . .more explicit.” Materials developers attributed
changes in teaching techniques to the perspectives gained from their inter-
disciplinary team and the nature of the interdisciplinary curriculum that
pushed them to be explicit about connecting learning goals to instructional
materials.

Materials Developers: Later Impacts. Most instructors interviewed,
who were new to active learning techniques, reported an increase in their
use of active learning pedagogy, and a decrease in the amount of lectur-
ing, with some even “flipping” their classrooms. They reported that these
changes often permeated many of their classes. For several instructors
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Table 2.3. On-Ramp to Active Learning Findings by InTeGrate
Instructor Group

While Participating After Participating

Material
Developer

Recognized value of aligning
objectives and assessments
and how it supported
content connections
between science and
societal issues

Continued use of active
learning

Increased metacognition
teaching strategies

Changed student assessment
approaches

Departmental increase in
active learning

More interdisciplinary
activity institutionally

Mentored
Instructors

Valued the use of active
learning embedded in
materials as made for
easier adoption (for those
who already employed
active learning techniques)

Increased use of active
learning techniques such
as small group discussions
and in-class inquiry

Departmental increase in
active learning

Unmentored
Instructors

N/A Incorporated active learning
into curriculum

Creation of interdisciplinary
degree

InTeGrate exposed them to theories about learning, which incentivized
changes to their curriculum. As one Material developer explains:

Before, I would say that I was probably pretty much entirely lecture based in the
class . . . . I’d say more so than the developing of the materials as it was exposure
to the pedagogy about how people learn . . . .never lecture for more than twenty
minutes in an eighty-minute lecture, and to keep them active . . . I would definitely
say it impacted my teaching quite a bit.

AnotherMaterial developer described how s/he changed to active learn-
ing to promote students learning how to learn, and critical thinking. S/he
describes the changes to the classroom below:

I think a lot of it would probably be helping to develop more metacognitive and
study skills approaches, I think. Again, if my goal is to have them learn to see the
world differently and ask questions about the world, then I need them to be able
to also find the knowledge and the words and apply them correctly.

Mentored Instructors: Early Impacts. Over a third of the Mentored
instructors described how using InTeGrate materials increased the amount
of active learning strategies they used in their classroom, including small
group discussions and in-class inquiry activities. Not quite half reported
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that InTeGrate pedagogies were similar to their own teaching and some
instructors stated that this alignment made adoption of the science to soci-
ety content more straightforward.

Mentored Instructors: Later Impacts. Most mentored instructors
increased the use of active learning pedagogies after InTeGrate. Mentored
instructor described teaching changes after InTeGrate as moving from
“overly simulated and overly structured” classroom to an active learning
classroom. S/he described how there is “a lot less feeding and a lot more of
a discovery now.”

Several Unmentored instructors described how InTeGrate materials cat-
alyzed active learning by making curriculum changes easier. Access to high
quality, sustainability-focused, interdisciplinary modules, in which active
learning is embedded provided the catalyst for change. As one Unmentored
instructor stated, “I think the thing that was most amazing was just having
such a rich resource of materials trying [to] incorporate more active learn-
ing, and really engage students in the classroom.”

Beyond Individual Faculty: Program/Departments and Institutional
Changes. It is worth noting that in a few cases, the changes to curriculum
and instructionmoved beyond active learning for individual instructors and
their courses. Some instructors used InTeGrate to incentivize fellow faculty
in their program to make curricular and instructional changes. It was also
used to create and redesign program degrees. And in one case, InTeGrate
served to enable institutional wide changes.

One GeoscienceMaterial Developer described how amajority of faculty
in the department had participated in InTeGrate and thus grand challenges
were now the curricular focus of the department:

And at least two thirds of the department, because they’re involved or have been
involved in InTeGrate are looking at those grand challenges, sort of the center-
piece, and we’re fully on board using those, trying to incorporate those as learning
goals or how we organize our curriculum at least.

InTeGrate was also credited with helping an institution move toward
more interdisciplinary collaborations. As oneMaterial Developer described:

I think we tore down some barriers. I think we tore down the compartmentaliza-
tion of the ivory tower. Instead of having all these separate ivory towers, I think
there’s now bridges between them. Again, I can’t credit 100% of that to InTeGrate,
but I can say that it helped with the ground swell.

Mentored Instructors: Early Impacts. When asked how changes made
to the InTeGrate-related course contributed to departmental or institutional
goals, over a third of respondents to the reflection survey reported how their
InTeGrate work aligned with institutional or departmental goals related to
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interdisciplinary learning that connects humanities, social science, and nat-
ural science in ways that better prepare students.

Mentored Instructors: Later Impacts. Others used InTeGrate to incen-
tivize changes within their program, by showing fellow faculty how InTe-
Grate material decreased the amount of work needed to create course
changes. Another Mentored instructor describes:

We’ve got two types of instructors, that are hungry for evolving and trying more
effective ways and then you’ve got those that are just staying in their comfort zone.
The ones that are in the comfort zone are hardest to reach, and the selling point
for InTeGrate is, “Look, it’s all ready to go.” It’s like a menu.

InTeGrate was used to impact existing curriculum and degrees. As an
Unmentored instructor described, “This new [interdisciplinary] program. It
would not have come into being the way it is had I not been a part of some
of the things that I learned through InTeGrate and the [Earth Educators]
Rendezvous [Meeting] for sure.”

One institution that was trying to institutionalize practices to more
active learning pedagogy, used InTeGrate as an exemplar to move toward
their goals:

Yeah. I think one of the big things at our institution that we’re moving more
towards is the high-impact practices in getting students engaged in the classroom.
And so there’s been lots of conversations around how do we do this more, how do
we lecture less and have them work more, and several of these meetings that I’ve
gone to or conferences, I bring up the website and the Integrate materials and say,
“Here’s some ideas from my discipline.”

Research Question 3. The third research question was: how did
structuring the curriculum around guiding principles focused on sustain-
ability education influence instructors’ teaching? In relation to this research
question we found that many instructors, in all groups, changed their con-
tent to focus more on one, some or all guiding principles. These instructors
described the importance of all five principles in helping students under-
stand the grand challenges that will be part of their lives. For some, the
guiding principles became their focus, as important pieces for students in
understanding how science works in the world and in understanding the
systems that interact to create or mitigate grand challenges (see Table 2.4
for findings by group). As one Material developer describes, “I would have
to say, that is one of the most important things I got out of developing that
module is that those five principles, I basically have tried to incorporate
those into every course.”

Materials Developers: Early Impacts. Over a third of the materials
developers in either the prepilot or post-pilot surveys, reported on at least
one of the guiding principles as being a significant change in their teaching.
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Table 2.4. Curricular Guiding Principles Findings by InTeGrate
Instructor Group

While Participating After Participating

Material
Developer

Added principle to their
teaching practices

Incorporated metacognitive
strategies to help students
recognize particular skill
or thinking of the given
principle

Recognized value of
principles and embedded
them in other courses

Use authentic data to teach
science skills and connect
to students lives

Used to equip students with
skills to understand and
impact grand challenges

Mentored
Instructors

Adopted the principle as
focus within a course

Increased the focus of a
particular principle within
a course

Use authentic data to teach
science skills and connect
to students lives

Used to equip students with
skills to understand and
impact grand challenges

Unmentored
Instructors

N/A Use authentic data to teach
science skills and connect
to students lives

Instructors who had already integrated the particular principle reported that
they now incorporated metacognitive strategies to help students be more
aware of thinking related to this principle.

Materials Developers: Later Impacts. Many instructors appreciated the
focus on the guiding principles which helped them to educate in a way that
students could understand and affect the grand challenges. One Material
Developer stated:

Ultimately, I can’t do my job as an educator in isolation where there are real world
problems, period . . . .I need to use my scientific perspective and the fundamental
facts that my science contributes to our society, and I have to make sure that
people begin to implement changes that are going to protect human resources and
economic resources to the betterment of future generations. If I’m not part of that
solution, then I should not be in this role, quite honestly.

Several instructors increased the use of the guiding principle, using
authentic data, for multiple reasons. For some it was to increase the con-
nection of the curriculum to student’s lives or to provide more real world
complex problems, and for others it was to provide a venue for students to
improve their quantitative and scientific skills.

Mentored Instructors: Early Impacts. For each guiding principle,
nearly all of the mentored instructors reported that the given principle was
or had become a focus within their course. Half of the mentored instructors
reported that they increased their focus on addressing grand challenges,
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interdisciplinary problem solving, or systems thinking and over two-thirds
reported that they increased their use of authentic data.

Mentored Instructors: Later Impacts. Mentored instructors described
how authentic data allowed them to model scientific thinking and helped a
student feel like they were doing genuine science. Onementored instructors
described the use of authentic data with InTeGrate in the classroom:

[S]o they had to go to the websites, actually grab the data down, put it in Excel
themselves, and then actually make these scatter plots looking at CO2 over time
and temperature over time. I had one who came up to me afterwards and was just
so impressed with herself. She was like, “I did real science.”

MostUnmentored instructors reported that they increased use of authen-
tic data and real world problems and a majority stated that they increased
their interdisciplinary focus. One described how using data and problems
makes explicit the connection between geoscience materials and their stu-
dents’ lives. Several saw how authentic data enhanced quantitative skills
and scientific thinking. One instructor described these strategies as con-
nected, “Real world examples and going in and getting data and reinforcing
quantitative skills and showing them the immediate application to, if not
their lives, then certainly lives of other people in the U.S. or abroad.”

Implications

In a book on faculty development, Austin and Sorcinelli (2013, 88), argued
that interdisciplinary instruction in higher education will be one of the
challenges for faculty as institutions of higher education work to educate
their students on how to solve “big, messy problems.” InTeGrate curricula
focused on large sustainability problems. Moreover, the InTeGrate model
for material creation and distribution allowed instructors to experience,
discuss, and learn about other disciplines; see the importance of interdis-
ciplinary connections themselves; and participate in creating or utilizing
interdisciplinary materials in their courses. Three primary lessons from the
InTeGrate study could inform other sustainability curricular programs in
higher education.

First, like previous studies of interdisciplinary faculty teams (Vanasupa
et al. 2012; Morse et al. 2007; Hall and Weaver 2001), InTeGrate materials
developers reported initial struggles in working across disciplines on sus-
tainability curricula. Overtime the materials developers reported value in
the teaching collaborations that emerged from the discourse with other fac-
ulty adopting curricula. Studies related to how faculty learn about teaching
show the ways that faculty from different disciplines inform their teaching
through discourse with their colleagues (Lueddeke 2003; Stark 2000; Beyer,
Taylor, and Gillmore 2013). This study suggests that faculty who develop
sustainability curricula may gain new perspectives that build foundations
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for enduring changes in teaching techniques. The ensuing collegiality may
equip faculty to undertake more programmatic transformations.

Second, this study reveals a potential interaction between active learn-
ing and sustainability curricula. The potential relationship between active
learning techniques and sustainability curricula that was characterized by
faculty suggests that campus initiatives could capitalize on sustainability
curricula as an on-ramp for disseminating active learning techniques. More-
over, those faculty who already have expertise in employing such teaching
strategies may find adopting effective sustainability curriculum an easier
process. Additional studies could help to illuminate this relationship and
how the combination affects student learning.

Finally, the InTeGrate curricula principles were intended as a frame-
work to guide overarching goals and scope of the content for the materials
developers (Steer et al. 2019). Beyond the materials developers, the down-
stream faculty reported that the principles underpinned the sustainability
curricula and promoted building student competencies in connecting sci-
ence and societal issues. In addition, such principles may provide faculty a
way to tie curriculum to students’ lives and give students skills necessary
to positively affect grand challenges.

Conclusion

When Huber and Hutchings (2006, 29) first advocated for the concept of a
teaching commons in higher education, they envisioned strategies that would
allow faculty to “see how others manage complexity in the classroom and
how they pose and address real pedagogical problems in situations they
know how to read.” They described how scholarship centered on teaching
and learning across the humanities, social science, and natural science dis-
ciplines made the circumstances ripe for teaching commons strategies. Such
strategies, they argued, would be welcoming to a range of fields, disciplines,
and levels of contribution to pedagogical discourse. With the InTeGrate
curriculum, faculty across a range of disciplines who engaged in curricula
creation or adoption perceived the interdisciplinary discussions and collab-
orations as the most salient benefit. In essence, the InTeGrate curriculum
became a bridge to an interdisciplinary teaching commons. For those who
developed the curriculum, the collegial conversations yielded new insight
into other ways of knowing and how these perspectives informed teach-
ing strategies. More importantly, the study found that it is not essential to
be the creator of sustainability curriculum to participate in the interdisci-
plinary teaching commons.Downstream faculty, bothmentored and unmen-
tored, reported that they engaged in deep interdisciplinary conversations
about teaching and learning through curricular related activities that they
felt improved their teaching. In some instances, these collegial interactions
catalyzed sustained collaborations and in other cases provided important
communities of the moment. These conclusions suggest the need for more
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studies that examine faculty changes over time for those who create sustain-
ability curricula and those who adopt and use it. Such studies are impor-
tant in understanding how to engage faculty with sustainability curricula
in ways that facilitate an interdisciplinary teaching commons and in under-
standing what lasting influences might be expected of downstream faculty.
With these understandings, campus initiatives have a greater likelihood of
engaging faculty in the creation and adoption of sustainability curricula and
preparing students with skills needed to tackle environmental grand chal-
lenges of today and tomorrow. As this issue argues, there is a need for the
spread of sustainability education within higher education. To that end, this
study demonstrates how faculty are influenced when creating sustainability
curriculum or utilizing it, such understanding is critical to effectively scale
sustainability education throughout higher education.
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