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Environmental challenges transcend disciplinary,   
institutional, and political borders. The complex character 

of these challenges stems from diverse value systems, political 
differences, and economic and technological disparities (MA 
2005, Perz et  al. 2010). Solutions must come from varied 
disciplines, including social and natural sciences (Borrego 
and Newswander 2010); solutions require the engagement 
and collaboration of diverse collaborators, including aca-
demia, industry, government, nongovernmental organizations 
(NGOs), and private citizens. Therefore, researchers working 
on environmental topics will need to adopt an interdisciplin-
ary, international, and interorganizational (I3) approach.

Environmental problems require solutions grounded in 
multiple disciplines (Klein 2004). However, crossing disci-
plinary borders is impeded by epistemological, communi-
cation, and methodological barriers that limit researchers’ 
abilities to collaborate effectively (Manathunga et  al. 2006, 
Cummings and Kiesler 2008, Carney and Neishi 2010). 
Effective collaboration may require fundamentally new 
ways of collective thinking and training in cross-disciplinary 
communication (Perz et al. 2010).

Many environmental issues are complex precisely 
because they transcend political and administrative borders 
(Perz et  al. 2010), and their resolution therefore requires 

cross-border collaborations. For example, efforts to address 
climate change have involved the participation of hundreds 
of scientists, policymakers, and citizens from different cul-
tural and political backgrounds (Solomon et  al. 2007). 
Similarly, Chinese dams along the Mekong River are blamed 
for disrupting natural hydrologic cycles in Southeast Asian 
countries where people depend on the river for their liveli-
hoods (Lu and Siew 2006) and solutions will involve collabo-
rations between China and Southeast Asian countries.

Individual institutions are often unable to solve complex 
problems on their own; instead, collaboration among mul-
tiple groups or organizations is necessary. Working across 
organizations provides a collaborative advantage (Huxham 
and Macdonald 1992) whereby complementary resources, 
information, and ideas compensate for the limitations of 
the individual organizations (Perz et al. 2010). The result is 
a product that could not have been achieved by any one of 
these organizations acting alone (Huxham and Macdonald 
1992). Importantly, the term organization can encompass 
both formal organizations, such as government agencies 
and NGOs, and local partners and stakeholders whose 
local knowledge can enable learning, shift management 
practices, and improve collaborative outcomes (Velásquez 
Runk 2009).
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Although working across different borders is inherently 
challenging, there are common, transferable skills for work-
ing across disciplines, nationalities, and organizations (Perz 
et  al. 2010). For example, disciplinary differences are often 
discussed as being cultural differences (Bauer 1990), which 
implies that similar skills can be employed to work across 
disciplines and nationalities. Crossing these borders requires 
a broad perspective of the issue; teamwork; clear communi-
cation among the stakeholders; collaboration among people 
with different knowledge, values, and approaches (Dietz 
et al. 2004); networking; teaching and learning about com-
plex topics; and a willingness to apply diverse methods (Muir 
and Schwartz 2009). These skills are not unique to crossing 
any one border, and once acquired, they can be applied to 
crossing other borders.

Given the imperative that environmental researchers 
work across disciplinary, national, and organizational bor-
ders, it is clear that a system is needed to train students 
to cross these borders. In this article, we aim to accom-
plish three goals toward developing such programs: First, 
we review and critique literature on training graduate stu-
dents in I3 border crossing. Second, we discuss a National 
Science Foundation (NSF) Integrative Graduate Education 
and Research Traineeship (IGERT) program at the University 
of Washington (UW), Multinational Collaborations on 
Challenges to the Environment (MCCE), as a model for I3 
training for graduate students. Third, we present recommen-
dations that have resulted from our experience in the MCCE  
program.

Training graduate students to cross borders
Traditional doctoral programs are not designed for train-
ing students in I3 collaborations (Borrego and Newswander 
2010). Instead, most graduate programs prioritize special-
ization and a depth of knowledge in subfields (Nyquist 
2002, Manathunga et  al. 2006) and may lack training in 
skills that are necessary to both address environmental 
issues (e.g.,  skills to understand stakeholder perspectives; 
Jacobson and McDuff 1998) and prepare students for non
academic careers (Dietz et  al. 2004, Muir and Schwartz 
2009). Although graduates of specialized programs are 
crucial to basic research on environmental questions, they 
may not have the diverse training necessary to participate in 
complex teams working to solve environmental challenges 
(Golde and Gallagher 1999).

Despite narrow training in graduate school, many students 
will pursue careers requiring broader skill sets and working 
across diverse borders. A significant number of doctoral 
students will pursue careers outside of academia (Nerad and 
Cerny 1999, Moslemi et  al. 2009, Nerad 2010), which will 
require interactions across disciplines, cultures, and institu-
tions (Nerad and Cerny 1999). Unfortunately, few programs 
explicitly include an interdisciplinary training, an inter-
national focus, or interorganizational experiences, which 
thereby disadvantages students, who will go on to work in 
an increasingly globalized world (Nerad 2010). Therefore, 

traditional graduate programs may not effectively prepare 
researchers to function immediately in such varied and 
complex settings.

In this section on graduate-school training, we first review 
the literature on training students to cross single borders—
disciplinary, international, or organizational. In doing this, 
we found that the literature on interdisciplinary training 
is extensive and growing, whereas the literature on inter-
national and interorganizational training is less developed. 
Second, we discuss educational strategies applicable to I3 
training. Third, we discuss the NSF IGERT program as a 
formal approach to institutionalizing I3 training in graduate 
education.

Training to cross one border.  In this section, we review the lit-
erature on strategies used to train graduate students to cross 
disciplinary, national, and organizational borders. 

In response to narrow training (Nyquist 2002, Manathunga 
et al. 2006) and the need to train students for nonacademic 
jobs (Nerad and Cerny 1999, Nerad 2010), there has been 
increased emphasis paid to interdisciplinary training for 
graduate students (Musante 2004). Interdisciplinary train-
ing enables students to address complex environmental 
problems (Ewel 2001), develops scientific researchers and 
educators at the leading edge of their fields (Leshner 2004), 
makes students more productive in scholarly publications 
(Tucker 2008), and improves their chances of finding jobs 
after graduation (Richards-Kortum et al. 2003).

Unfortunately, graduate students face barriers to interdis-
ciplinary training, including cultural and methodological 
differences among disciplines (Golde and Gallagher 1999, 
Eigenbrode et  al. 2007), competing departmental require-
ments, and the expectations of multiple advisers (Richards-
Kortum et al. 2003). Students have trouble becoming fluent 
in multiple academic cultures (Boden et  al. 2011), express 
concern that they will not become experts in a single disci-
pline, and often see a disconnect between interdisciplinary 
programs and their home department (Richards-Kortum 
et  al. 2003). In short, a central challenge in interdisci-
plinary training is to communicate and reconcile across 
disciplines while still developing skills in students’ home 
disciplines (Golde and Gallagher 1999, Manathunga et  al.  
2006).

Interdisciplinary programs are designed to build com-
munity, teach interdisciplinary theory and methods (Morse 
et  al. 2007) in a way that overlaps with the requirements 
in students’ home departments (Newswander and Borrego 
2009), and train students in multiple fields. Community 
building encourages the social side of science, fosters a sense 
of investment among students (Moslemi et  al. 2009), and 
develops the students’ sense of ownership in the process 
(Graybill et  al. 2006). Therefore, it is important to find 
diverse, engaged students, create a participatory culture, 
and focus on interactive teaching and learning (Newswander 
and Borrego 2009). Tress and colleagues (2009) recom-
mended formal introductions to other fields to help students 
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gain a working knowledge of other disciplines. For example, 
Eigenbrode and colleagues (2007) presented a universally 
applicable “toolbox for philosophical dialogue,” which can 
be used by students to teach other students about their dis-
ciplines, to facilitate communication, and to identify episte-
mological differences and similarities.

Although international training for graduate students is 
common in some disciplines and rare in others, little has 
been written on structuring and executing international 
programs in graduate education. However, the need for 
international awareness and training for graduate students 
is increasingly on the forefront of educators’ minds. Nerad 
(2010) recommends both the reintroduction of foreign-
language requirements in English-speaking countries and 
structured international collaboration. Working across dis-
ciplinary borders is often compared with working across 
cultural borders (Bauer 1990); we suggest, therefore, that 
strategies for interdisciplinary training should apply to inter-
national training. In particular, learning to anticipate uncer-
tainties in international collaboration may be a fundamental, 
teachable skill (Perz et al. 2010).

Little research has been published about successful inter-
organizational training for graduate students. Cummings 
and Kiesler (2008) found that researchers have more 
trouble crossing organizational borders than disciplinary 
borders, suggesting that training in crossing organizational 
borders is needed. Some programs do exist, including off-
site internships (Russo et al. 2008, Moslemi et al. 2009) and 
international internships with host organizations (Kainer 
et  al. 2006). Similar skills are required to cross I3 bor-
ders (Perz et  al. 2010); similar strategies can therefore be 
employed to train graduate students to cross all three 
borders.

Pedagogical strategies for I3 graduate training.  Given the need 
to train students to work across multiple borders to address 
today’s complex environmental problems, we suggest three 
pedagogical strategies that should be emphasized to help 
students gain appropriate skills—teamwork, problem-based 
learning, and scaffolding. Programs should create oppor-
tunities for students to work in teams on I3-style problems, 
starting with simple problems and building up to compli-
cated challenges.

Complex environmental problems inevitably require large 
teams to address them; graduate students must therefore be 
trained to work on such teams. Bishop (2009) suggested that 
graduate students work on diverse teams through interna-
tional, multidisciplinary, collaborative projects resembling 
workplace experiences. Training students to be good team 
members should include a specific focus on attending to a 
process (Graybill et al. 2006), carefully selecting teams, using 
mentors to facilitate team integration, jointly and clearly 
developing themes and research questions, emphasizing 
team problem definition and proposal writing, having a 
communication strategy, and enforcing the accountability of 
team members (Morse et al. 2007).

These teams should work on real-world problems to 
further prepare the students for future careers. Problem-based 
learning is student-centered learning in which the instruc-
tor facilitates the students’ discovery and inquiry through 
solving complex problems (Dochy et  al. 2003). This pro-
cess helps the students gain the skills needed to apply their 
knowledge to situations they encounter outside the class-
room (Pawson et al. 2006). Although the training in nearly 
all PhD programs is problem focused, the problems are 
often narrow and disciplinary in nature. Effective graduate 
training for diverse careers should include experiences based 
on I3 problems.

Most important, programs training graduate students 
to address complex environmental issues must gradually 
scaffold the students’ experiences rather than immediately 
giving them complex real-world problems to solve in teams. 
In scaffolded experiences, the instructor provides assistance 
as needed and decreases that assistance over time so that 
students become progressively more self-sufficient (Wood 
et al. 1976). Most PhD programs use the apprentice–artisan–
craftsman model of scaffolding, in which student learning 
is supported by close association with a more-experienced 
practitioner; this model has also been successfully applied 
to a polymer IGERT program (Russo et al. 2008). Programs 
expecting students to start with no experience, or just tra-
ditional coursework (i.e., Bishop 2009), and to immediately 
tackle a large, complex, I3 project are likely to frustrate the 
students. Scaffolding gives the students space to succeed and 
learn as complexity is added.

IGERT as a model for crossing multiple borders.  Recognizing the 
limitations of traditional doctoral programs, the NSF devel-
oped IGERT as a formal program to train graduate students 
to address complex problems by working across disciplines, 
institutions, and organizations (NSF 2008). IGERT programs 
are often supplemental to regular graduate work in the stu-
dent’s home department (Boden et al. 2011). These programs 
have been broadly successful in emphasizing interdisciplin-
ary training; helping students obtain degrees in less time; and 
preparing students for the science, technology, engineering, 
and mathematics workforce (Carney and Neishi 2010). Most 
IGERT programs involve coursework on interdisciplinarity 
and in disciplines outside of students’ home departments, 
as well as interdisciplinary team research projects (Graybill 
et al. 2006, Eigenbrode et al. 2007, Morse et al. 2007, Moslemi 
et al. 2009).

IGERT programs must promote and integrate research 
across disciplines and organizations and provide students 
with an international perspective (NSF 2008). For example, 
the students in the joint program between the University of 
Idaho and the Tropical Agricultural Research and Higher 
Education Center in Costa Rica work on I3 teams throughout 
graduate school (Morse et  al. 2007). Other programs have 
opportunities for students to do internships with industry or 
international partners (Russo et al. 2008, Moslemi et al. 2009, 
Boden et al. 2011).
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The MCCE program as a model for I3 graduate 
training
The University of Washington’s MCCE program was a 
systematic and rigorous I3 training program for graduate 
students that included students from social work, education, 
engineering (civil and environmental engineering, material 
science and engineering, electrical engineering, chemical 
engineering, and computer science), biology, forest resources 
(natural-resource economics and ecology), geology (geomor-
phology), and anthropology (archaeology and environmental 
anthropology). Rather than working only with disciplines 
that address similar questions (e.g., geology and archaeology) 
or use similar epistemologies (e.g., electrical engineering and 
computer science), MCCE focused on training students to 
work across broad areas between fields (e.g., material sci-
ence and environmental anthropology). Interdisciplinary 
collaborations were the foundation of our training, not the 
end result. MCCE trainees worked on broad environmental 
problems in a wide range of disciplines and countries in col-
laboration with people from different organizations.

MCCE required one year of coursework that included 
structured group trips, a pedagogical internship including 
an international component, and one year of support for 
individual international internships. Here, we describe the 
I3 training program and how it provided scaffolding for us 
to use when we were conducting individual research over-
seas. Our individual international internships were the final 
experience of the program, and we present them as evidence 
of the effectiveness of our training. For brevity, we focus 
only on the year of coursework and the international intern-
ships in this article. The eight trainees who collaborated 
on this article represent all three MCCE cohorts and five 
disciplines (biology, ecology, natural-resource economics, 
geomorphology, and archaeology). We draw on our experi-
ences, the MCCE principal investigator’s final report, and 
informal interviews with other trainees.

Transboundary trip.  Our training began with a weeklong 
“transboundary” trip in which we explored environmental 
issues common to Washington State and British Columbia 
(figure  1). These trips introduced trainees to the environ-
mental challenges shared between Washington and British 
Columbia and helped build a sense of community among 
the cohort of trainees before they began the intense year of 
coursework. The trainees met with researchers, policymakers, 
government-agency staff, tribal members, industry represen-
tatives, and community members working on environmental 
issues on both sides of the border. This initial experience 
took advantage of English as a common language and built 
on differences in history and geography that create surpris-
ingly disparate approaches to similar issues. Two conference 
presentations with MCCE students and faculty members as 
coauthors resulted from these experiences (see the online 
supplemental data for these publications and others referred 
to in this article, available online at http://dx.doi.org/10.1525/
bio.2012.62.3.11).

Seminar on interdisciplinary research.  The core component of 
MCCE was a yearlong course focused on identifying and 
learning to cross disciplinary, national, and organizational 
boundaries with their associated cultural, philosophical, lin-
guistic, epistemological, and methodological differences. 
During the year, trainees presented the approach taken by 
their own discipline (e.g., what questions are addressed, what 
data are collected, and how data are analyzed) to fellow train-
ees and heard guest panels of interdisciplinary teams from 
various institutions, including academia, government, and 
NGOs discuss challenges and benefits of interdisciplinary 
and interorganizational teamwork. In the relative comfort 
of a team of peers, we explored theories of interdisciplin-
arity and strategies for working together in interdisciplin-
ary teams. This seminar allowed the students to engage in 
a meaningful way with the topic of crossing disciplinary 
boundaries.

International group project.  Also during the first year of the 
program, the trainees designed and executed I3 projects. The 
first cohort focused on regional projects (working either with 
Native American tribes or on transboundary issues between 
British Columbia and Washington); one project resulted 
in a conference presentation in Vietnam with five MCCE 
students from four disciplines as authors. The second and 
third cohorts traveled with MCCE faculty members to China 
(2006 and 2007) and New Zealand (2007), where they col-
laborated with international partners from a variety of disci-
plines and organizations. As a result of these group projects, 
100% of MCCE students worked on team projects with stu-
dents from disciplines different from their own. In contrast, 
66% of IGERT and 50% of non-IGERT students work on 
team projects while in graduate school; 64% of IGERT and 
36% of non-IGERT students work on projects with students 
from different disciplines (Carney et al. 2006).

During the two trips to China, trainees and UW faculty 
members collaborated with students and faculty members 
from Sichuan University (SU) and staff from Jiuzhaigou 
National Park (JNP). During the 2007 trip, the groups 
followed up on several of the topics from the 2006 trip and 
focused on an overarching theme that examined human–
landscape interactions over time (box  1). The 2006 trip 
resulted in one peer-reviewed paper with five authors, 
including two MCCE students from two disciplines and two 
JNP staff members from two countries. In addition, one 
student blogged for Grist (www.grist.org) while in China 
and wrote an article about the trip for The Christian Science 
Monitor. The 2007 trip resulted in one peer-reviewed paper 
with 19  authors, including seven MCCE students from 
four disciplines; five SU faculty members and students 
from two disciplines; and two park staff members, one of 
whom is Tibetan. The trip also resulted in four confer-
ence presentations, each including at least one author from 
each of the three institutions. A follow-up trip in 2008 
resulted in a popular-press article with five authors, includ-
ing one MCCE student and a Tibetan JNP staff member. 
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Furthermore, following her PhD, one trainee received a 
Fulbright Fellowship to continue work in JNP that was 
initiated in 2007; in January 2010, she was appointed to be 
the first postdoctoral researcher at JNP. During follow-up 
work in summer 2011, she wrote for The New York Times’ 
“Scientist at Work” blog.

The New Zealand trip addressed the management of an 
invasive diatom, Didymosphenia geminata. During their trip, 
the trainees and faculty members met with scientists, land 
managers, indigenous people, policymakers, and commu-
nity members involved in managing D. geminata. The trip 
resulted in a conference paper presenting a new model for 
analyzing multistakeholder environmental issues, using the 
example of D. geminata in New Zealand as a case study; 10 of 

the 13 authors were MCCE students, representing seven 
different disciplines.

Individual international internships.  The second year of funding 
was intended to support individual international research 
internships. Trainees designed their independent trips dif-
ferently; some conducted dissertation research, some com-
pleted pedagogical internships (not discussed in this article), 
and others conducted research outside of their immediate 
field of expertise. Figure 1 illustrates the diverse settings in 
which students studied and conducted research and provides 
examples of how some students completed these experiences. 
A common theme for all of the international internships was 
that they applied the skills in working across borders gained 

Figure 1. Diversity of locations where Multinational Collaborations on Challenges to the Environment (MCCE) 
students studied and traveled abroad for research and conferences. The numbers indicate the locations and brief project 
descriptions of selected student international internships. The sites are marked by flags to indicate long-term stays,  
short-term visits, and group trips. The success of the individual international internships demonstrates the overall success 
of the MCCE program in training graduate students to conduct interdisciplinary, international, and interorganizational 
(I3) research. We provide examples of some I3 projects and publications resulting from international internships in the 
supplemental material (available online at http://dx.doi.org/10.1525/bio.2012.62.3.11).
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during the first year of training. The breadth of topics stud-
ied in, the geographic range of, and the publications result-
ing from these internships demonstrate the range of interest 
and expertise developed through the MCCE I3 training. 
Twenty-six trainees studied in 17 countries (three students 
only took one year of funding and did not study abroad, 
although one did participate in an international group 
trip, and another did complete short-term overseas trips 
individually). Japan was the most popular country (four 
students); three each went to Chile, China, and Canada; 
two went to South Africa; and one trainee traveled to each 
other country. Most individual internships resulted in con-
ference presentations or peer-reviewed publications with 

foreign collaborators, often from other disciplines, as coau-
thors. At the time the MCCE program concluded in 2010, 
29 MCCE students had published 32 peer-reviewed articles. 
(Disciplinary papers are counted only prior to graduation for 
students who graduated before the MCCE program ended.) 
Of these, four are interdisciplinary, and one includes foreign 
collaborators as coauthors. Of the 28 disciplinary articles, 
13 are based on international work, and 8 have foreign col-
laborators as coauthors. In addition, the MCCE students are 
coauthors on 43 conference papers; of these, 14 were inter-
disciplinary, 7 were on international research, and 3 include 
international collaborators as coauthors. Of the 29 disciplin-
ary presentations, 16  involved international research, and  

Box 1. Case study of the 2007 China trip.

Using the scaffolding provided by our first year in Multinational Collaborations on Challenges to the Environment (MCCE), we further 
cultivated our skills at crossing borders by participating in a group research and educational experience abroad. During this trip, we 
used the interdisciplinary, international, and interorganizational (I3) approach to address the overarching theme of examining the 
impacts of human–landscape interactions over time.

Project participants. The I3 team included University of Washington (UW) MCCE students and faculty members, non-MCCE UW 
students, Sichuan University students and faculty members, Tibetan villagers, and Jiuzhaigou National Park (JNP) science-office 
staff. The team members from the universities represented five disciplines: geology, ecology, cultural anthropology, archaeology, and 
natural-resource economics.

Project background. JNP, a United Nations Educational, Scientific and Cultural Organization World Heritage site in a Tibetan part of 
Sichuan Province and China’s premier ecogeologic tourist attraction, receives over two million visitors annually. In addition to park 
visitors, there are nine indigenous villages within the park, five of which are still inhabited. The central objective for the project was 
to work within the I3 framework to better understand historical and current human use of resources within JNP in order to design 
sustainable management policies for the future.

Working across borders in the field. Each trainee had the opportunity both to lead investigations in their area of disciplinary expertise 
and to participate in research teams using methods from other disciplines; all of the teams included at least one member from each of 
the three institutions involved in the project. For example, the ecologists developed a vegetation-monitoring protocol for a variety of 
habitat types in the park, and the social scientists designed a survey questionnaire to study perceptions of environmental change and 
traditional ecological knowledge among park residents. The ecologists participated in interview sessions with the social scientists and 
learned ethnographic methods that used local knowledge to help interpret landscape patterns. The social scientists in turn joined the 
ecology team to learn how to conduct the vegetation surveys.

Effectiveness of MCCE I3 teamwork and benefits to JNP and trip participants. 
Detailed trilingual (Tibetan–Chinese–English) interviews revealed information concerning past and present land-use that was instru-
mental in our ability to interpret landscape patterns in the park. Such insights would not have been possible without collaborating 
with the JNP cultural-resource manager, who grew up in a park village and was able to arrange interviews with local elders; nor would 
these insights have been possible without the Chinese language skills and ethnographic training of the social scientists, which enabled 
them to quickly build rapport with the local villagers and to situate their questions and findings within a local cultural context. In 
addition, having trainees with other backgrounds present during the interviews allowed for expansion of those interviews into areas 
not anticipated by the social scientists. For example, social scientists who collaborated with ecologists and geologists found that their 
studies provoked new questions, such as local medicinal uses of particular plant species, the use of fire to maintain agricultural fields 
and meadows, and terrace formation.

Similarly, it became apparent to the natural scientists that without a strong partnership with social scientists, park cultural-resource 
managers, and Tibetan villagers, it would have been much more difficult and time consuming to gain a complete portrait of the 
historical, ecological, political, and cultural processes that shaped the meadow landscapes and the history of human habitation within 
the park. Ethnographic interviews, in concert with ecological and geological studies, were used to corroborate, test, and contextualize 
each other’s explanations for changes in vegetation patterns in JNP.

Our work led to a reevaluation of the landscape history in the park, a more complete understanding of the length of human habita-
tion in the region and the role that humans play in setting modern landscape conditions, and key management recommendations to 
maintain meadow habitat that provides important cultural and ecological services.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/62/3/296/359554 by U

.S. D
epartm

ent of Justice user on 16 August 2022



Education

302   BioScience  •  March 2012 / Vol. 62 No. 3	 www.biosciencemag.org

8 include foreign collaborators as coauthors. As a result of 
both the international group trips and the individual inter-
national internships, 97% of the MCCE students worked 
with scientists from foreign countries in their own countries; 
in contrast, only 23% of other IGERT and 17% of non-
IGERT students have had these collaborative experiences 
(Carney et al. 2006).

Time to graduation.  A major concern with I3 programs is 
the extended time to graduation for students, but in fact, 
many IGERT trainees graduate before non-IGERT students 
(Carney and Neishi 2010). We find that the situation for 
MCCE students is more complicated. MCCE did not alter 
requirements from our home departments and therefore 
required an additional time commitment, particularly dur-
ing the first year of coursework. For some, this commit-
ment was lighter than a teaching-assistant position, but 
for others, it was heavier than alternative funding sources. 
Beyond the first year, time requirements varied significantly 
among the trainees. For trainees who used the international 
internship for dissertation research, the flexibility to spend 
long periods of time overseas accelerated their research. 
Other trainees, however, used the international internship 
to explore new topics; although they took longer to gradu-
ate, they finished with more diverse academic training. For 
example, one student spent part of her international intern-
ship to work on studies outside the scope of her dissertation, 
but this work resulted in two peer-reviewed publications. 
Therefore, the students who took longer to graduate felt 
the additional time spent added significant value to their 
professional development. Because of the diverse nature 
of the individual internships, the trainees differed in how 
MCCE affected their time to graduation, but in general, the 
students finished slightly before or in line with departmental  
averages.

Recommendations for those planning I3 programs
Here, we draw directly on our experience in the MCCE 
program to present the lessons that we learned. We hope 
the following suggestions will serve as a guide for faculty 
members who are considering I3 training programs.

Secure faculty buy-in from major advisers.  Choices made by 
graduate students are often heavily influenced by their major 
adviser; the students therefore need buy-in from their adviser. 
Few MCCE trainees were advised by faculty members who 
were active in MCCE, so the trainees addressed buy-in from 
their advisers individually. For many of the trainees, two 
years of stipend support and travel money helped preempt 
resistance from the advisers. Aside from funding, buy-in 
was more likely among advisers with previous or current 
international research experience. To secure buy-in, we rec-
ommend that students openly discuss the costs and benefits 
of I3 training early in their graduate career with advisers who 
do not have previous I3 experience and obtain consent from 
their adviser for pursuing I3 opportunities.

Start the program with a focused group-building activity.  Initiating 
our MCCE experience with a focused group activity was 
important for two reasons: (1)  providing a scope to the 
environmental issues faced today and (2)  building a team. 
The transboundary trips allowed us to better understand 
the transnational scope of environmental problems, to meet 
with diverse organizations working on them, and to grapple 
with the interdisciplinary nature of these problems. In addi-
tion, by participating in an intense and team-focused activity 
before starting the year of coursework, the trainees formed 
important bonds with their cohort. These friendships eased 
the upcoming difficult process of learning to communicate 
across disciplines. We recommend that programs training 
students to cross borders in research include a focused group 
activity at the outset of the program.

Start with crossing one of the borders before addressing 
the others.  A focus on first crossing disciplinary borders 
allowed the inductees into I3 education to form a strong 
scaffold base for subsequent border crossing. In this case, 
disciplinary borders were crossed first because we shared 
an academic institution (UW) and a funding agency (NSF). 
The practice of skills needed in interdisciplinary work 
(listening to others, avoiding jargon, recognizing differ-
ences in assumptions and viewpoints) prepared us to cross 
multiple borders simultaneously using these skills. As with 
other complex skills, inadequate preparation at the scaf-
fold base will set up nearly guaranteed failure during more 
complex I3 work.

Next, expand to an organized project crossing multiple 
borders.  After learning to cross disciplinary borders, we 
planned and executed group research projects that delib-
erately crossed both national and organizational borders. 
Because we had already closely collaborated on crossing 
disciplinary borders, addressing organizational and national 
borders did not add significantly more training require-
ments. International experiences were designed so that the 
students had a chance to implement their new knowledge of 
crossing borders initially through the shared experience of 
the group trips. The 2007 China trip (box 1) demonstrates 
a successful trip in which students worked closely with stu-
dents from other disciplines and universities, as well as park 
staff and indigenous people.

The students should develop the research question and plan 
for the trip.  The collaborative team projects were more 
successful when the students defined the project of inter-
est, communicated with international collaborators, and 
planned research as a team. During the 2006 China trip, 
the students designed discipline-focused research projects 
but not an overarching research theme for the trip. The 
2007 trip was more successful because of the cohesive 
nature of the proposal. The students participating in 
the project developed potential research themes involving 
their diverse disciplines, contacted international partners 
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about their goals, designed an overarching research ques-
tion, and outlined disciplinary subquestions. This cohesive-
ness and student independence enabled student ownership 
of the project.

Group trips should engage previously established partners.  During 
both China trips, MCCE teams collaborated with SU and 
JNP, both of which were already partners with UW. UW’s 
history of working with both organizations in a variety of 
disciplines helped smooth the collaboration. In contrast, the 
New Zealand trip relied on preexisting connections in only 
one faculty member’s discipline, which was shared by none 
of the trainees on the trip. In order to encompass every par-
ticipant’s interests, the group chose to focus on a very broad 
topic (learning about New Zealand stakeholder concerns, 
which were synthesized and used to illustrate a model of 
environmental decisionmaking), rather than collaborating 
with existing international contacts to create practical new 
solutions to existing problems. We recommend that trips 
of this type build on preexisting relationships in a variety 
of disciplines to engage the students as they learn to cross 
borders in a productive environment. If this is not possible, 
we recommend that groups build in additional time to facili-
tate relationship building prior to project design.

Regular communication within the group and switching subgroups 
helps to facilitate learning on the group trips.  Regular commu-
nication while conducting the international group trips was 
essential to our keeping focused on the overarching research 
question and to not becoming consumed by individual disci-
plinary projects. On all three international group trips, daily 
debriefing meetings were held to facilitate progress reports, 
to discuss problems that we had encountered, and to plan 
for the following day. In China in 2007, we added a team-
swapping element. Thus, ecologists worked in the field with 
the geology team and vice versa, social scientists joined geol-
ogy and ecology teams, and natural scientists participated 
in social-science team research. The New Zealand mem-
bers worked as a single team throughout the trip and took 
leadership roles relevant to their disciplinary expertise. This 
experience of working directly with students from other dis-
ciplines solidified the benefits of crossing borders in research 
for the trainees.

Students should be given autonomy but held accountable.  The 
MCCE trainees were given complete flexibility in where 
to conduct their individual international internships. This 
gave the trainees ownership over the experience and allowed 
them to complete projects contributing to dissertation 
research, thus maintaining buy-in from their advisers. The 
diverse locations made it more difficult for the MCCE faculty 
members to supervise and advise the students, but earlier 
scaffolding enabled the students to excel with individual 
research. The trainees were held accountable to the MCCE 
faculty and wrote proposals for their internships, as well as 
progress and final reports on their time overseas. The MCCE 

staff and faculty members were extremely supportive and 
responsive to us, both while we were planning to go overseas 
and during our internships. As a consequence, these experi-
ences were productive for career building, measured by joint 
publications and continued collaborations.

Conclusions
In this article, we present MCCE as a model of border-crossing 
training for graduate students in which problem-based learn-
ing and teamwork are scaffolded to help students first learn to 
cross a single disciplinary border and then to cross multiple 
borders, thus better training them for diverse future careers. 
The recommendations outlined above can be adapted for pro-
gram leaders seeking to design a program to facilitate similar 
I3 training. The core elements of these recommendations can 
be summarized as follows: First, encourage students and work 
with other faculty members to secure buy-in from major 
advisers. Second, plan a group-building activity to introduce 
the program participants to each other and their varied back-
grounds. Third, provide adequate opportunity to the students 
to work across disciplinary borders before working across 
international and interorganizational borders. Fourth, allow 
ample time for the students to define and plan their project 
of interest for an  international research trip. Fifth, build on 
existing relationships with international contacts and foreign 
institutions. Sixth, engage in frequent, even daily, within-
group communications. Finally, allow the trainees flexibility 
in choosing where they work individually.

Acknowledgments
We thank the students, staff, and faculty of the Multinational 
Collaborations on Challenges to the Environment (MCCE) 
program (National Science Foundation Integrative Graduate 
Education and Research Traineeship Grant 0333408) for 
sharing this collaborative endeavor with us—in particular, 
Tom Hinckley and Steve Harrell as coprimary investigators 
and Gretchen Kalonji for initially developing the program. 
Special thanks go to the MCCE trainees who participated in 
the informal interviews that added to the development of the 
manuscript—in particular, Joyce Le-Compte Mastenbrook, 
Sara Breslow, and Lauren Urgenson. The manuscript benefited 
from reviews of early drafts by Vivek Shandas, Maresi Nerad, 
Tom Hinckley, Steve Harrell, Amy Lambert, the Ruesink 
Lab, and three anonymous reviewers. AHS was additionally 
supported by an NSF Graduate Research Fellowship and a 
Fulbright Student Fellowship.

References cited
Bauer HH. 1990. Barriers against interdisciplinarity: Implications for stud-

ies of science, technology, and society (STS). Science, Technology, and 
Human Values 15: 105–119.

Bishop MP. 2009. International multidisciplinary research and education: A 
mountain geography perspective. Journal of Geography 108: 112–120.

Boden D, Borrego M, Newswander LK. 2011. Student socialization in 
interdisciplinary doctoral education. Higher Education 62: 741–755.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/62/3/296/359554 by U

.S. D
epartm

ent of Justice user on 16 August 2022



Education

304   BioScience  •  March 2012 / Vol. 62 No. 3	 www.biosciencemag.org

Borrego M, Newswander LK. 2010. Definitions of interdisciplinary research: 
Toward graduate-level interdisciplinary learning outcomes. Review of 
Higher Education 34: 61–84.

Carney J, Neishi K. 2010. Bridging Disciplinary Divides: Developing an 
Interdisciplinary STEM Workforce. Abt Associates.

Carney J, Chawla D, Wiley A, Young D. 2006. Evaluation of the Initial 
Impacts of the National Science Foundation’s Integrative Graduate 
Education and Research Traineeship Program. Abt Associates.

Cummings JN, Kiesler S. 2008. Who collaborates successfully? Prior expe-
rience reduces collaboration barriers in distributed interdisciplinary 
research. Pages 437–446 in Begole B, McDonald DW, eds. Proceedings of 
the 2008 ACM Conference on Computer-Supported Cooperative Work, 
San Diego, CA, USA, November 8–12, 2008. ACM.

Dietz JM, Aviram R, Bickford S, Douthwaite K, Goodstine A, Izursa J-L, 
Kavanaugh S, MacCarthy K, O’Herron M, Parker K. 2004. Defining 
leadership in conservation: A view from the top. Conservation Biology 
18: 274–278.

Dochy F, Segers M, Van den Bossche P, Gijbels D. 2003. Effects of problem-based 
learning: A meta-analysis. Learning and Instruction 13: 533–568.

Eigenbrode SD, et al. 2007. Employing philosophical dialogue in collaborative 
science. BioScience 57: 55–64.

Ewel KC. 2001. Natural resource management: The need for interdisciplinary 
collaboration. Ecosystems 4: 716–722.

Golde CM, Gallagher HA. 1999. The challenges of conducting interdisciplinary 
research in traditional doctoral programs. Ecosystems 2: 281–285.

Graybill JK, Dooling S, Shandas V, Withey J, Greve A, Simon GL. 2006. 
A rough guide to interdisciplinarity: Graduate student perspectives. 
BioScience 56: 757–763.

Huxham C, Macdonald D. 1992. Introducing collaborative advantage: 
Achieving inter-organizational effectiveness through meta-strategy. 
Management Decisions 30: 50–56.

Jacobson SK, McDuff MD. 1998. Training idiot savants: The lack of human 
dimensions in conservation biology. Conservation Biology 12: 263–267.

Kainer KA, Schmink M, Covert H, Stepp JR, Bruna EM, Dain JL, Espinosa 
S, Humphries S. 2006. A graduate education framework for tropical 
conservation and development. Conservation Biology 20: 3–13.

Klein JT. 2004. Interdisciplinarity and complexity: An evolving relationship. 
Emergence: Complexity and Organization 6: 2–10.

Leshner AI. 2004. Science at the leading edge. Science 303: 729.
Lu XX, Siew RY. 2006. Water discharge and sediment flux changes over the 

past decades in the Lower Mekong River: Possible impacts of the Chinese 
dams. Hydrology and Earth System Sciences 10: 181–195.

[MA] Millennium Ecosystem Assessment. 2005. Ecosystems and Human 
Well-being: Synthesis. Island Press.

Manathunga C, Lant P, Mellick G. 2006. Imagining an interdisciplinary 
doctoral pedagogy. Teaching in Higher Education 11: 365–379.

Morse WC, Nielsen-Pincus M, Force JE, Wulfhorst JD. 2007. Bridges 
and barriers to developing and conducting interdisciplinary graduate-
student team research. Ecology and Society 12 (2, Art. 8).

Moslemi JM, et  al. 2009. Training tomorrow’s environmental problem 
solvers: An integrative approach to graduate education. BioScience 59: 
514–521.

Muir MJ, Schwartz MW. 2009. Academic research training for a nonaca-
demic workplace: A case study of graduate student alumni who work in 
conservation. Conservation Biology 23: 1357–1368.

Musante S. 2004. A new approach to combat invasive species: Project-based 
training for graduate students. BioScience 54: 893.

Nerad M. 2010. Globalization and the internationalization of graduate edu-
cation: A macro and micro view. Canadian Journal of Higher Education 
40: 1–12.

Nerad M, Cerny J. 1999. Postdoctoral patterns, career advancement, and 
problems. Science 285: 1533–1535.

Newswander LK, Borrego M. 2009. Engagement in two interdisciplinary 
graduate programs. Higher Education 58: 551–562.

[NSF] National Science Foundation. 2008. Introduction to the IGERT 
Program. NSF. (7 December 2011; www.nsf.gov/crssprgm/igert/intro.jsp)

Nyquist JD. 2002. The PhD: A tapestry of change for the 21st century. 
Change 34: 12–20.

Pawson E, Fournier E, Haigh M, Muniz O, Trafford J, Vajoczki S. 2006. 
Problem-based learning in geography: Towards a critical assessment 
of its purposes, benefits, and risks. Journal of Geography in Higher 
Education 30: 103–106.

Perz SG, Brilhante S, Brown IF, Michaelsen AC, Mendoza E, Passos V, 
Pinedo R, Reyes JF, Rojas D, Selaya G. 2010. Crossing boundaries for 
environmental science and management: Combining interdisciplin-
ary, interorganizational and international collaboration. Environmental 
Conservation 37: 419–431.

Richards-Kortum R, Dailey M, Harris C. 2003. Formative and summative 
assessment of the IGERT program in optical molecular bio-engineering 
at UT Austin. Journal of Engineering Education 92: 345–351.

Russo PS, Dooley KM, LiCata VJ, Kennedy E. 2008. Craft-Based IGERT 
Experiment in Graduate Macromolecular Studies. Polymer Reviews 48: 
653–673.

Solomon S, Qin D, Manning M, Marquis M, Averyt KB, Tignor MMB, Miller 
HL Jr, Chen Z, eds. 2007. Climate Change 2007—The Physical Science 
Basis: Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change. Cambridge 
University Press.

Tress B, Tress G, Fry G. 2009. Integrative research on environmental and 
landscape change: PhD students’ motivations and challenges. Journal of 
Environmental Management 90: 2921–2929.

Tucker DJ. 2008. Interdisciplinarity in doctoral social work education: 
Does it make a difference? Journal of Social Work Education 44: 
115–138.

Velásquez Runk J. 2009. Social and river networks for the trees: Wounaan’s 
riverine rhizomic cosmos and arboreal conservation. American 
Anthropologist 111: 456–467.

Wood D, Bruner JS, Ross G. 1976. The role of tutoring in problem solving. 
Journal of Child Psychology and Psychiatry 17: 89–100.

Amanda H. Schmidt (amanda.schmidt@oberlin.edu) is an assistant professor 
in the Geology Department at Oberlin College, in Oberlin, Ohio. Alicia S. T. 
Robbins and Julie K. Combs recently received and PhD from and Robert G. 
Jesperson is a graduate student in the School of Forest Resources, Adam Freeburg 
is a graduate student in the Department of Anthropology, and Kimberly S. 
Sheldon recently received a PhD from the Department of Biology, all at the 
University of Washington, Seattle. Haldre S. Rogers is a Huxley Faculty Fellow 
in the Ecology and Evolutionary Biology Department at Rice University, in 
Houston, Texas. Elizabeth Wheat is a postdoctoral teaching fellow for the 
Program on the Environment at the University of Washington, Seattle. At the 
time at which the article was written, all of the authors were affiliated with 
the University of Washington, Seattle.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/62/3/296/359554 by U

.S. D
epartm

ent of Justice user on 16 August 2022


