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ABSTRACT
A team of faculty from the natural and social sciences
supports an interdisciplinary curriculum and degree
program in Global Change and Global Sustainability at
the University of Michigan. We offer a series of lecture
courses and laboratory sessions on Earth Systems
Science and Sustainability entitled "Introduction to
Global Change" (http://globalchange.umich.edu). We
find that interdisciplinarity, inquiry-based learning and
early capture of a student's interest create an attractive
alternative to today's disciplinary undergraduate
education, and has the potential to break new ground in
structure, content and pedagogical methodology. With
three lower-level courses at its core, we designed a
'front-loaded' interdisciplinary minor in Global Change.
This minor reinterprets undergraduate education at
Michigan, by providing an alternative model of general
undergraduate education. First, the minor is
"front-loaded," meaning that students are able and
encouraged to complete most of their credit-hour
requirements in their second (sophomore) year at the
university. We find that an early interdisciplinary
experience aids students in planning their subsequent
university careers and their choice of a major. Second, the
minor is grounded in the interdisciplinary study of
critically important global problems that engage student
interest, that are thematically integrated, and that are
taught from a multi-disciplinary, inquiry-based
perspective. Third, the courses are taught by a team of
faculty from various schools and colleges who are
experts in their respective disciplines, while sharing
overlapping interests in education.

HISTORY AND OBJECTIVES OF THE
GLOBAL CHANGE PROGRAM

cross-disciplinary interactions among faculty and
students. NASA grant support and particularly
partnering with its Earth System Science Education
(ESSE) program provided the key ingredients for these
educational activities, which led to the program
described here
In the early 1990's, faculty members from several UM
Schools and Colleges involved in the GCP developed
Introduction to Global Change, a two-semester
interdisciplinary course sequence investigating causes
and impacts of the changing global environment for
science majors. Later in the 1990's the focus moved to
non-science majors who are seeking to develop a
well-rounded understanding of the changing global
environment, and an ability to integrate this knowledge
into future career and research activities (see also
Committee on Undergraduate Science Education, 1999).
The development of a capstone course, Global Change 3,
and the offering of a Global Change Minor degree led to
the formal organization of a small degree program, titled
the Global Change Program (conveniently retaining the
GCP acronym).
The overall goal of the Global Change Program is to
offer an introductory, science-based course sequence
that provides all students, regardless of background or
mathematical proclivities, an opportunity to gain the
benefits and insights from a modern and continuously
updated scientific description of the changing global
environment and the human relationship with that
environment. The issues discussed in the course
sequence can be made directly relevant to the future lives
of students, thereby making the content of significant
appeal and interest. A key objective from the beginning
was to make the courses truly interdisciplinary, through
a team-teaching approach, involving expert faculty from
key, intersecting disciplines. The goal was to make the
course both rigorous and quantitative in terms of its
scientific content while still being engaging and
appealing to non-science majors, through the extensive
use of multi-media techniques and modern instructional
technologies.
The development of today's Global Change Program
at the University of Michigan was guided by the
following set of objectives:

Every day, millions of human and natural activities are
altering the planet on which we live. Over the past
century, through our ever-increasing population and
mastery of technology, we have been changing the global
environment at a pace unknown to natural history. The
goal of the Global Change Curriculum at the University
of Michigan is to convey modern scientific principles that
underlie our rapidly changing world in an integrated 1.
and engaging manner to incoming undergraduate
students. This is captured by the curriculum's mission
2.
statement:
To become better equipped to contribute to the important 3.
debates concerning global environmental change, resource
management and societal adaptation strategies.
4.
The University of Michigan initiated its Project for
the Interdisciplinary Study of Global Change, otherwise 5.
known as the Global Change Project (GCP), in 1991, with
internal funding and support from the university. At its 6.
inception, the GCP was mostly a research initiative in the
College of Engineering, with an educational component
that focused primarily on graduate education. The
mission of the GCP rapidly broadened to include a focus
on undergraduate education, as it continued to foster
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Improve understanding of the natural and social
science underpinnings of Global Change and Global
Sustainability.
Study the evolution of the natural world and
appreciate temporal and spatial scales of change.
Encourage
interdisciplinary
thinking
that
seamlessly crosses traditional disciplinary boundaries in the natural and social sciences.
Understand how human actions are contributing to
global environmental change.
Learn how to utilize the vast resources of the Internet
to find and draw upon scientific information.
Become better equipped to contribute to the debate
on global environmental change and societal
adaptation strategies; to become an informed citizen
and decision maker.
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Figure 1. Example of a STELLA Activity: Earth Energy Balance Model. In this Global Change 1 laboratory,
students use basic radiation laws such as the Stefan-Boltzmann equation and physical properties that govern
energy flow to model the energy balance of early Earth and early Venus. This laboratory exercise facilitates an
exploration of the radiative equilibrium temperature of each planet and allows student to understand the
importance of radiation laws and greenhouse gases in the atmosphere.

7.
8.

Learn how to develop and use dynamical models of
Earth processes and spatial data analysis to analyze
Earths systems behavior.
Develop the capacity to integrate information and
technology to explore solutions to interdisciplinary
problems.

The instructional team includes faculty from several
schools and programs, including the School of Natural
Resources and Environment, the Department of Biology,
the Department of Atmospheric, Oceanic, and Space
Sciences, the Department of Geological Sciences, the
Business School, the Department of Anthropology, the
Department of Sociology, the School of Public Health,
and the Space Physics Research Laboratory. An
independent evaluation team from the School of
Education was part of the program during its inception,
guiding development that led to the current rendition of
the curriculum, which is outlined below.
Since starting the Global Change Program in the
early 1990's, other schools across the country have
successfully developed similar interdisciplinary
programs. Rather than attempting to offer an overview
of national activities in this area, this contribution is
specifically intended to illustrate one example of a
best-practices approach. Several publications (e.g., Avila,
2003) describe broader efforts. While occasional
reference to our evaluation efforts is made in this
contribution, this aspect of curriculum development is
part of a graduate thesis project in the School of
Education, with results published at a later time.

the natural world and sustainability in a changing
environment. Whereas these lower-level courses meet
natural science and social science distribution
requirements by emphasizing the respective disciplines,
they attempt to seamlessly integrate scientific and
societal dimensions where possible. Just recently the
College of Literature, Science and the Arts at the
University of Michigan added an interdisciplinary
course requirement to the undergraduate degree, as part
of a broader interdisciplinarity initiative at the university
(University of Michigan, 2005). Brief descriptions of the
individual courses are below, followed by a sketch of the
degree program.

Global Change 1 - In Global Change1: Physical Processes,
students investigate the physical aspects of change from
the Big Bang to current events, related to natural
physical, chemical, and biological cycles contributing to
Global Change. Topics of study include: origin and
evolution of the universe, solar system and early Earth;
origin of the elements; geological processes and hazards;
the Earth's atmosphere and oceans; chemical and
biological evolution; origin and evolution of life; life
processes; biogeochemical cycles; ecosystems and
ecosystem
dynamics;
atmosphere-biosphere
interactions; past and future climate patterns; pollution;
sea level change; global warming. Students apply
learned knowledge by using a graphically based,
dynamic modeling software program (STELLA) in a
computer laboratory setting, to investigate the dynamics
and effects of altering natural systems using global
change issues such as Earth's energy balance,
paleoclimate, ozone, predator-prey relationships,
THE GLOBAL CHANGE CURRICULUM
elemental cycles and greenhouse warming. The
The Global Change Curriculum consists of three courses dynamical modeling package allows students to work
that focus on principles of, and human interactions with,
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Figure 2. Example of ArcGIS spatial data analysis activity: Global Energy Consumption. These two maps are
examples of images students can create using ArcGIS in the Global Change 2 laboratory section. In this
energy activity, students explore patterns of global energy consumption through fossil fuel use and
traditional fuel resource use such as firewood. Students examine the costs and benefits associated with
different fuel types and can explore global trends such as the difference between total and per capita global
energy consumption, or students can focus on a particular country or region of interest and examine it in
more detail.

directly with non-linear complex systems to develop an
improved understanding of change and causality, yet
not requiring a high mastery of mathematics. For
example, students develop models of the Earth energy
balance that are used to study planetary temperatures
and global warming scenarios, based on a description of
atmospheric processes and projections of the build up of
carbon dioxide in Earth's atmosphere due to fossil fuel
use (Figure 1).
In addition to laboratory sections where students
examine and model systems, discussion sessions are
used to explore personal and geopolitical aspects of
global environmental change. Lecture material is
presented as webpages through the public Global
van der Pluijm - Global Change Curriculum

Change website and as PowerPoint files through a
private course environment (the University of
Michigan's Ctools; https://ctools.umich.edu/ ).
Learning is complemented by a yearly evolving set of
self-tests that guide students' preparation for exams.
Details of the Global Change 1 lecture sequence and
laboratory
activities
can
be
found
at
http://www.globalchange.umich.edu/globalchange1/.
Global Change 2 - In Global Change 2: Human Impacts,
students study the effects of economic and social systems
on the natural physical, chemical and biological
dynamics of our planet. Topics of study include: human
evolution; populations and communities; value of
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Figure 3. Example of a GC3 sustainability project,
called “Great Lakes, Great Parks: A Carbon
Sequestration Policy Initiative to Address Global
Climate Change in Michigan”, by undergraduate
students Meaghan Schroud, Michele Demers and
Hannah Arkin. “Great Lakes, Great Parks” is a policy
program designed to mitigate the impacts of global
climate change via the creation of carbon
sequestration sinks. Tailored to the State of
Michigan, the program entails the purchase of
marginal cropland for the purpose of reforestation.
The project offers an assessment of its political,
economic, and social feasibility and reviews
international attempts to forge global environmental
policy in the face of climate change and the potential
for another Great Lakes state to adopt a similar
program.

biodiversity; biogeography; human role in shaping the
planet; transformations in the environment; coastal
margins, rivers, forests, fisheries, soil erosion, pollution,
agriculture and industry; patterns in energy use; climate
change policy and impact on communities; sustainable
development; environmental justice and conservation
methodologies. Students use hands-on simulations of
global patterns using ESRI's Geographic Information
System (ArcGIS) to investigate spatial impacts. They
explore questions such as, what natural processes are of
importance, what are key forcing functions that govern
change, what are human impacts, what national and
international initiatives mitigate effects of global change,
what are some solutions. The GIS package enables
students to study aspects of the global and regional
utilization of resources, employing the same tool used by
governmental and non-governmental decision makers,
such as the World Bank. An example activity on global
energy use is shown in Figure 2.
The course places activities in the context of human
experiences and the role of humans in managing Earth.
For non-science concentrators, this course places role
and activities of science in context of what we know
about our world and how we can develop plans for
managing our future. Similar to Global Change 1, lecture
material is presented as webpages through the public
Global Change website and as PowerPoint files through
a private course environment. Class material is
complemented by self-tests that guide students'
preparation. Details of the Global Change 2 lecture
sequence and laboratory activities can be found at
http://www.globalchange.umich.edu/globalchange2/.
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Global Change 3 - Global Change 3: Sustainability Studies,
examines global environmental sustainability from the
perspective of human cultures and communities. We
draw heavily on case studies to discuss issues such as
tropical rain forests, watersheds, dam building,
deforestation, acid rain, climate change, and the
economics of development. International as well as
national cases are included, providing a rich array of
scenarios for others to adopt.
This capstone course in Global Sustainability
provides undergraduate students with an opportunity to
focus their global change knowledge on more specific
themes and areas. Students work in small teams to
develop an in-depth understanding of a specific global or
regional environmental problem. Themes have included
politics and governance of climatic change;
environmental ethics; population, culture and religion;
the biodiversity crisis; sustainable agriculture; and
technology and development. Students investigate
assessment methodologies, potential remediation
strategies and methodologies, economic and societal
impacts, and long-term management options. Figure 3
shows an example of a term-long project that describes a
proposal on carbon sequestration in the Great Lakes
region.
Team Projects - Anchoring these educational activities
are "web poster" projects that are required of all students
in the global change courses. The students form teams
(2-3 students) early in the term and work subsequently to
develop and ultimately present their projects in written
and oral form. Students are asked to formulate their
project plan in writing and their proposals are reviewed
by the Graduate Student Instructors (GSI's). The projects
are also presented in their lab session at the end of the
term, showing a powerful dynamic between topic
coverage, presentation approaches and classroom
interactions. Past experiences have shown how these
efforts can serve to create nested learning communities
within the student body, while also providing for
extensive GSI-led mentoring opportunities.
Can non-science majors master the use of dynamic
models and spatial data analysis? - One of the
hypotheses for curriculum development was that the
combination of web-based learning tools, use of dynamic
models and spatial data analysis, and exposure to
various disciplinary experts in an active learning
environment would provide students with the tools to
build and analyze first-order models of complex
systems, across many different topics in global change.
Based on responses from standard university surveys
and anecdotal information from exit surveys, these
laboratory activities were initially considered
intimidating by many students, but were readily
surmountable with proper instructional support. We see
evidence for gains in student confidence in their ability to
build their own models and scenarios of Earth system
processes (one of the most challenging aspects of the
course) at the final web project stage, where the majority
of presentations apply these analytical approaches to the
topic at hand.
Do interdisciplinary courses capture student
interest? - Another of our hypotheses was that students
would be intrinsically interested in the material and that
this interest would challenge them to think more
profoundly about global change issues, using science at
the core. Results from laboratory discussion sessions and
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project presentations indicate that students do, indeed,
feel empowered to act on what they have learned.
Whereas students are usually prepared to express their
opinions on geo-political topics, the course activities and
projects demand that they use supporting data and
analysis, which strengthens (and sometimes modifies)
their arguments, leading to more informed positions.
Our experiences point to increased student engagement,
learning and satisfaction, as the Global Change courses
have been refined over time. These results have
convinced us of the value of an interdisciplinary,
problem-based approach for general education, which
lead us to the design of a “front-loaded” minor degree in
Global Change that we describe next.

THE GLOBAL CHANGE MINOR
The Global Change minor is intended for all undergraduates who are interested in understanding the changes
that are occurring in the physical and socio-political systems of our planet through human impacts on the environment. The purpose of the Global Change minor is to
teach students about the problems and challenges that
humanity faces as it wrestles with the urgent need to develop a more sustainable relationship with the Earth and
its resources. The goal is to provide a broad understanding of the complex issues involved in global change and
global sustainability, as well as exposure to some of the
approaches and strategies for effective economic development and resource management. The course series is
highly interdisciplinary and seamlessly crosses traditional academic fields, reflected in our degree philosophy of "Interdisciplinarity before disciplinarity". In this
manner, it is hoped that participating students will be
better prepared to face the serious environmental and
economic problems of the 21st Century, irrespective of
their planned career paths and personal goals.
The Global Change Minor offers several special
features. Foremost, the minor is "front-loaded," meaning
that students are enabled and encouraged to complete
most of the degree requirements in their second
(sophomore) year at the university. This feature
empowers students to use their "early" interdisciplinary
experience in a formative sense - to aid them in planning
their subsequent university careers and to inform their
choice of a major as well as their understanding of
disciplinary courses. Second, the program is grounded in
the interdisciplinary study of critically important
environmental problems that engage student interest,
that are thematically integrated, and that are taught from
a multi-disciplinary, inquiry-based perspective. Third,
the minor is taught by a diverse team of faculty from
several schools and colleges who are experts in their
respective fields, enabling an inquiry-based curriculum.
Toward the minor, (1) we developed a capstone
course in the Global Change sequence that complements
the two-semester large classroom courses as part of the
core curriculum. The capstone course can only be taken
after completion of the Global Change 1 and 2 courses,
although we allow some students to take Global Change
2 and 3 concurrently when scheduling conflicts occur; (2)
we developed and refined a set of documented,
web-based curriculum modules for use in the minor and
in other educational settings; (3) we documented
methodologies and instruments for use in evaluating
and assessing interdisciplinary, science-based curricula,
derived from our own experiences in building the minor.
This effort was headed by faculty and students in the
School of Education and its outcome is in preparation; (5)
we created sets of hands-on, interactive laboratory
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modules for use with research-caliber software and
equipment in UM's Global Change Laboratory; (6) we
track the student perspectives for use as a model for
general (lower division) education. In addition to taking
the core curriculum (GC 1, 2 and 3), students are required
to complete two elective classes from the general
groupings of Biosphere, Geosphere and Sociosphere,
which draw from campus-wide (and field) offerings in
these disciplinary areas. An annually changing list of
suitable classes is available allowing students broad
latitude in their choices.
A note on demographics - Today's Global Change
courses serve >250 students each year, although many do
not take the courses in sequence or necessarily complete
all three courses of the curriculum. We specifically
maintain the large classroom courses as stand-alone
offerings for this reason, so that students can decide on
the number and order, if any, of these classes. An
unexpected, but very interesting outcome is the gender
demographic of the Global Change minor, which is
strongly skewed toward female students. In the large
lecture classes (GC1 and GC2), the percentage of women
is on average 55%, with the majority self-identified as
non-science majors. However, more than 80% of
students in the minor, both currently enrolled and
graduates (totaling ~70), are female. In exit interviews it
was repeatedly mentioned that a newly found sense of
relevance of science was key to their decision to complete
this science-oriented minor. The emphasis on linkages
among natural and social science fields, and the
connections to today's societal needs were commonly
added as a motivation to positively reexamine the value
of science in these debates and the decision-making
process.

CONCLUSION
The development of the Global Change Program at the
University of Michigan benefited from the foresight and
support of many organizations and individuals, who
encouraged us to seek novel approaches to
undergraduate education. Particularly the observations
that interdisciplinary courses energize non-science
students and rekindle an interest in the scientific method,
combined with a need for students' early engagement in
globalization issues, demonstrate the value and the
merits of our approach. Today, the Global Change course
curriculum and minor degree are fully institutionalized
at the University of Michigan and the philosophical
underpinnings are being implemented more broadly in
other undergraduate curricula.
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