
ABSTRACT

Native American reservation communities nationwide
exercise sovereign control over natural resources and
land-use within reservation boundaries. With the recent
rapid economic growth of many of these communities,
development pressures and infrastructure issues have
become a foremost concern. Despite the clear need for
geoscience professionals on reservations and the deep
cultural connection many American Indian cultures have 
with the Earth, Native American students remain poorly
represented in the earth sciences. The Indigenous Earth
Sciences Project is an effort based at Purdue University
designed to address this problem systemically by
providing local, culturally-responsive avenues for
success for college-bound American Indian students in
the geosciences in partnership with regional universities. 
The Sharing the Land program is a partnership between
Purdue and colleges and universities in the San Diego
region, providing on-reservation education to
environmental managers who often lack geoscientific
expertise, and a portion of the Young Native Scholars
residential summer college bridge program for area high
school students. The program also reaches younger
children through the Explorers Club outdoor education
program. We have also constructed an internship
program in tribal environmental offices for Native high
school and college students. This far-reaching project
provides the minimum level of support to create a truly
integrated pathway for Native American students to
gain geoscience degrees. Native-focused programs must
have full community participation at all levels to
succeed, and must provide authentic work experience to
make the earth sciences relevant for students.
Involvement of Native educators and elders is also
critical to ensure cultural connection and continuity. This 
article outlines the entire STL program, strategies for
replication elsewhere, and highlight research
opportunities in cross-cultural science education.

INTRODUCTION

The continuing need for Native American earth and
environmental science expertise in reservation-based
communities has been relatively well documented
(Grenier, 1998; Guerrero, 1992; Karr, 2000; Marcus, 2002;
Riggs and Marsh, 1998; Riggs and Semken, 2001;
Semken, 1999; Semken and Morgan, 1997). Despite
steady gains in overall proportional representation of
American Indians in the earth sciences (Table 1), few of
these individuals take tribal resource and environmental
management positions, leaving tribes without in-house
expertise and at a relative scientific disadvantage in
land-management issues.

The Indigenous Earth Sciences Project (IESP) was
founded in 1998 with the mission of increasing the
participation of Native Americans in the earth sciences at 
all educational and professional levels (Riggs and Marsh, 
1998; Riggs and Riggs, 2003). The primary goal of the
IESP is to build the scientific self-sufficiency of Native
American, reservation-based communities. Most of the
project's activities seek to build recruitment and
retention pipelines for American Indian students
through which they can best obtain geoscientific
expertise while honoring and empowering their culture,
traditions, and indigenous knowledge.

With support from the NSF Opportunities for
Enhancing Diversity in the Geosciences program, we
were able to launch our full vision of the Sharing the
Land (STL) project in 2005 under the auspices of the IESP, 
although aspects of our project had been functioning
independently before this date. This project is a
collaborative effort in the greater San Diego, California
region. It is designed to increase the number of Native
Americans locally who have access to a well-rounded,
place-based education in the earth sciences and who can
readily apply geoscience knowledge for tribal resource
management and explore the connections with their
indigenous culture and knowledge and teach us new
ways of looking at the earth.

Sharing the Land couples the efforts of Purdue
University with local programs, faculty, and students at
San Diego State University, the University of California,
San Diego, and students and key San Diego county
community colleges. We are also cooperating with
Native American reservation communities in San Diego
and Riverside counties, and the educational programs
and environmental offices that serve these communities.
This project has formally united cooperating programs in 
adult education, a well-established high-school to
college bridge program operated by and for local tribal
communities, and an early outreach program that
involves outdoor science for younger children. Together
these programs seek to create a culturally-responsive
recruitment and retention pipeline. Our approach to
designing our program focused on linking and
coordinating existing programs that had been running
independently, and adding new features and aspects of
the program required to enhance the connections
between programs for different age groups. We also took 
the opportunity to add student tracking, informal
assessment and formal research in teaching and learning
effectiveness for all of the activities. 

This report will provide a brief introduction to our
regional setting, previously described in depth
elsewhere (Riggs and Marsh, 1998; Riggs and Riggs,
2003). We will then discuss each of the major program
segments, key design aspects necessary for success, and
any evidence to date we have of program effectiveness. It 
is our hope that our program design can serve as a useful
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model for other geoscientists and university geoscience
departments hoping to construct similar partnerships
with their local Native American communities.

The Cultural Landscape of the Greater San Diego
Region - The County has 18 Federal Indian reservations,
16 of which are populated and the other two are
uninhabited tracts of land managed by nearby Native
governments. The people represent mainly 4 tribes:
Kumeyaay to the south, Luise–o and Cupe–o to the
north, and Cahuilla to the east. The overall

reservation-based population in this area amounts to just 
over 6,000 people (about 0.2% of San Diego county's
population). This small population is widely distributed
over the reservation communities and associated
management areas which total over 500 km2, which is
roughly 5% of the County's land area (see Figure 1).
Because each of these rural, often isolated reservations is
responsible for its own internal environmental
management, there is a sustained need for qualified
tribal environmental office staff. Tribes typically seek to
fill these positions with tribal members whenever
possible, but often hire from outside the tribe if no
community member has the required expertise. Clearly
this situation creates a need for systematic educational
programs in the earth and environmental sciences for
this region. Our project aims to build the pipeline that
will help provide future generations of tribal scientists
available to take on the local environmental and scientific 
challenges in the face on ongoing urbanization and
population growth pressure in the San Diego region.
Our formal program reaches from elementary school
(Science Explorer's Club), to high school (Young Native
Scholars), to reservation environmental protection
offices to college. It lacks a middle school component at
the present time. The general structure of the program is
designed to get children thinking about earth science
early and then provide support in high school and the
transition to 4-year college degree programs. At a
growing number of universities, there is more available
support for Native American students (culturally and
financially) once they arrive in an earth science program
compared with such support at the high school level.
Because of the small and widely distributed nature of
San Diego county reservations, most high school
students in this region attend the majority school system
- the Native communities are too small to support
Native-focused tribal high schools. Our program is
therefore focused on coordinated efforts with younger,
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Field, race/ethnicity, and citizenship 1995 1997 1998 2000 2001 2002

U.S. citizen/permanent resident
Earth, atmospheric, and ocean sciences 4405 4388 4239 4001 3919 3925

Atmospheric Science 440 420 439 482 454 519

Earth Science 3761 3770 3590 3329 3288 3185
Oceanography 204 198 210 193 177 221

American Indian/Alaska Native

Earth, atmospheric, and ocean sciences 26 31 25 43 35 26
% of Total 0.59 0.71 0.59 1.07 0.89 0.66

Atmospheric Sciences 0 1 0 4 5 1

% of Total 0.00 0.24 0.00 0.83 1.10 0.19
Earth Sciences 25 26 25 35 29 23

% of Total 0.66 0.69 0.70 1.05 0.88 0.72

Oceanography 1 4 0 4 1 2
% of Total 0.49 2.02 0.00 2.07 0.56 0.90

Table 1.  Bachelors degrees in the earth sciences awarded to Native American students from 1995-200 2. 
Native Americans make up roughly 1.1% of the United States population, and so ideally this would be t he
percentage of Native students graduating from earth science programs.  This goal has been achieved
irregularly in past years, but the overall lack of stability of these small enrollments creates a large variance in
the year-to-year results.  Distribution of these graduates back to reservation communities is also  very
irregular.  See text for discussion. Derived from Science and Engineering Indicators 2006, Appendix  t able
2-27, National Science Board

Figure 1. Map of San Diego County, California
showing Native American Indian reservation lands in
black  (i n land regions). Ot her  boundar i es show t he
extent of incorporated municipalities in the county. 
Source www.SanGIS.org



pre-college students and the grade school to college
transition.

Because the individual components of the program
affect different age groups, each will be discussed
separately. The program has changed subtly through
time in response to changing realities in the community.
First, circumstances have changed since casino money
has become available to some reservations and people,
greatly increasing education access and opportunities for  
some tribes in this region. Second, we are continually
learning from our failures and successes. Lastly, as a
result of many factors, including insightful and powerful  
Native voices in our partnering communities, education
is becoming a strong focus on many reservations. 

Community Networks - No science education program
for Native American reservations will take root without
direct support, awareness and permission of the
community. Three levels of networks were needed to
initially implement our programs on reservations. These
involved parents, elders, and community activists. It
helps to have a strong advocate for education and science 
education in particular within the Native community
who can open doors for outsiders. In San Diego County,
this person was tribal elder Henry Rodriguez (Luise–o)
who gave his blessing to our activities and attended the
very first Science Explorer's Club program on the La Jolla 
reservation. This program was joined by an
undergraduate geology class from SDSU as part of a
service learning project. 

Regional coordinating networks can also be great
allies. In our case the Southern California Tribal
Chairmen's Association (SCTCA) recognized early on
that they could provide valuable assistance to some of
our programs. This formal network among all the
reservations provides a van and driver when needed.
Individual reservations also have publications in which
information can be shared with parents (e.g. Viejas Tribal 
News, 2005).

There are at least 5 different aspects to the cultural
interactions with native cultures that underlie the
establishment of educational programs of this nature:
avoiding tribal politics, attending ceremonies and
funerals as appropriate, learning the language, attending  
tribal colleges, and learning Native ways (to the extent
possible as outsiders) to understand how communities
prefer to teach traditional cultural practices. Staying out
of tribal politics is crucial for success but sometimes is
very difficult to do when the politics affects the
educational programs. In San Diego County, native
people are generally quite accepting of outsiders who act
respectfully and genuinely care about their children. A
very good way to meet parents and elders is to attend
ceremonies such as gatherings, pow wows, and,
unfortunately, funerals - all as appropriate and with
permission of the communities. The depth and extent of
involvement that is appropriate for outsiders will vary
with culture, event, and individual reservations. The
only way to know is to ask often and to listen more than
you speak when the answer comes. These cultural
aspects are important for learning traditional practices
and for working appropriately with Native
communities. However, non-Native scientists should
not seek to teach Native aspects of science or culture
without explicit permission of tribal elders - to do so
otherwise can be seen as presumptuous or potentially
even culturally insulting. It's always best to have
authentic bearers of culture (i.e. tribal members) add

cultural aspects to a geoscience education program
directly and in person if possible.

Science Explorer's Club  - The principal objective of
Science Explorer's Club is to encourage a love of the
outdoors. Every reservation has formal programs in
place for their children, and most programs are run out
of Education Departments, Recreation Departments, or
Boys and Girls Clubs. However, none has a science
program. We fill this need by mirroring the approach of
Arthur Iberall, physicist father of Robbins who guided
her into geology: taking youth outside to get "wet and
dirty." Another objective is to teach field skills, especially
those that keep you safe and comfortable. Science comes
naturally outdoors.

Robbins started Science Explorer's Club, a free
outdoors science activity for reservation youth (ages
6-12) in 2001. At the present time, she runs a monthly
activity on each of 8 reservations and occasional
programs on 4 others. Previous to this, she ran a similar
USGS program for inner city youth in Washington, DC,
called "What's Under Your Feet?" for 10 years. In
Washington, rivers have water and sediments have
fossils; San Diego has dry stream beds and igneous rocks, 
which has significantly changed the focus of outdoors
activities from geology, hydrology, and paleontology to
an integration of the outdoors sciences, thereby also
taking advantage of the local environment. 

The outdoors is a "kid attractant," especially because
the children have been in school all day. The children
self-select, in that those who want to get wet and dirty or
who are genuinely interested in outdoors science, attend. 
They nag parents to bring them. They are honest in their
responses, letting us know immediately if something is
boring. Science Explorer's Club is open to all age groups
from pre-school to grandparents, but at the present time
the program is focused primarily on first to third graders. 
This has evolved in response to research by Rubin (2003),
who collected a large database showing that
professionals first discover their eventual areas of
interest around ages 7 to 8, and to findings that many
Native students in the San Diego region feel at an early
age that they are not capable of doing science and that
their cultural knowledge does not include scientific
information (Welch, 2003). This age group generally
works well together and is open to learning. Each age
group has specific characteristics that make it enjoyable
and/ or awful to work with. If the age spread is wide,
then more adult supervision is required. Adult
supervision is an uneven process; in general, each adult
has an age group that each prefers to work with and
varying personal inclination for working and being
outside.

Parents have an important role in this enterprise. In
particular, mothers who let their children get dirty and
can encourage other mothers to let their children do the
same with our program staff are very important.
Supportive mothers are a big part of recruitment for the
program. Each reservation deals with parents
differently. One has each child call home each time for
permission to attend. One has a parent sign a blanket
form saying that they allow their children to participate
with the understanding that they will get dirty. Another
has parents that attend and take part in the activities. If a
parent does not wish their child to attend, they either
pick up their children before the activity begins, or the
education department provides an indoors activity for
non-attendees. Parents also drop off and pick up their
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children so they can specifically attend Science
Explorer's Club, even though they are not otherwise
allowed to participate in other activities for children.

Other scientists and non-scientists are welcome to
attend Science Explorer's Club. The children exhibit
great interest in newcomers. They are disappointed
when expected guests do not arrive. Experience has
taught us to let visitors be a surprise to children, but not
to Education Directors. Elders are invited to participate
and share information with the children. Those who
attend often sit on a chair and watch, but they also serve
as a calming influence. We feel lucky when they come
because elders share their wisdom with scientists as well
as children. Our programs sometimes also attract college
students, Natives and non-Natives alike. Reservation
college students immediately recognize their role as
models. Every once in a while, there is a college student
who is genuinely interested in children, Indian children,
and science teaching. The college students are very
important because they are closer in age to the children
than are the scientists.

Program Details - Science Explorer's Club activities
change with the school year and the seasons. During the
school year, as soon as children discharge from school
buses, they are fed snacks. Then we head out into the
"field" for 1.5 hours. During the winter, late afternoon is
dark and sometimes wet. The participating scientists get
to drive home during peak rush hour. For summer
vacation, activities are moved to mid-day, and are
expanded to 2 hours. Safety is a major concern of our
program, and each session is begun with a basic set of
reminders of natural hazards and how to avoid
dangerous animals (rattlesnakes, mountain lions and
coyotes in particular). Students are also asked to look
after each other and work closely as a group.

The most popular scientific activities include: bugs
and butterflies, the great lizard hunt, mountain climbing, 
mud (clay) hunt, outdoors photography, panning for
gold and crystals, raptors and other birds, rock
collecting, searching for water, tracks and trails, trees
and leaves, water testing, and wildflowers. These
activities are quite fluid and change in the field
depending on immediate circumstances - scientists
running the program must be flexible and responsive to
children's rapidly changing interests. A ll of the field
investigations involve simple equipment, which is
shared, cleaned, and repaired between uses. Over the
years, reservations have purchased equipment as
needed, and our current funding has allowed us to
assemble a set of waist-pack kits children may use during  
the program. Standard program equipment for each
child at the present time includes orange vest, waist
pack, washable water bottle, a red rag tied on belt loops,
and a magnifying lens on a string. 

The scientist in charge of each session carries a pack
with a first aid kit, a comb to pull out cactus spines, toilet
paper, Band-Aids, peroxide, liquid soap, whistle,
sealable plastic bags, and grocery sacks. The scientist's
waist pack includes a notebook, cell phone (which does
not work on several backcountry reservations), pens,
black magic markers, a magnet attached to a pencil,
tweezers, and digital camera. An additional pack is used
for additional science equipment, such as a GPS unit, a
second digital camera, and field guide books. Each
activity also has specialized equipment. This includes
boots for mud and water activities, soil augers and
trowels for stream and dirt activities, gold pans and

magnets for stream sediment activities, hammers and
goggles for rock collecting, grocery sacks for picking up
trash, and binoculars for birding. 

Outdoors photography is a scientific tool and an
activity that children enjoy. For the formal outdoors
photography activity, throw-away cameras are
purchased for each child and later developed. One year
we had a photo contest on all the participating
reservations; the throw-away cameras were labeled,
developed, and the scientist chose the 12 winning
photographs. These were sent to a professional company
that created calendars. Each winning photographer was
awarded a calendar, and each reservation received and
displayed the calendar. Now that two digital cameras are 
available to the program, children are documenting their
activities in ever-growing numbers of digital images.
There are some truly gifted photographers, the youngest
being 4 years old. Adult photographs focus on children
performing science activities. A selection is printed each
time and handed out monthly to keep interest high.
Many of the photographs get redirected to the
educational directors for Science Explorer's Club
displays. Some of the displays are extensive, covering
large amounts of wall space. The purpose of the displays
is to attract more children and keep parents aware of the
scientific activities that are being performed by their
children.

At this point we have no formal learning-outcomes
assessment in place for Science Explorer's Clubs, and this 
is mostly a reflection of the informal nature of the
program, the variability between the many reservation
communities served, and the irregular population of
kids who attend. However, we do track the number of
children served by the program via the sign-in sheets
students complete. In total, 438 children have attended
our programs since 2001; this includes 20 teenagers. Our
statistics show that 53 children have attended for at least
three years running, 17 of these have been with us for
four or more years, and six children have attended
regularly since its inception five years ago. Clearly our
program is perceived to have merit by these children and 
their parents. 

We have seen some individuals move from Science
Explorer's Clubs (mostly elementary grades) to the
Young Native Scholars program (high school grades),
but we do not have very good information about that
transition because we do not currently track students
through the intervening middle school grades nor work
with them much at this stage - this is a weakness of our
program we are looking for ways to correct. For the
handful of individual children we've watched grow from  
Science Explorer's Clubs to Young Native Scholars and
beyond, this program for younger ages seems to provide
a good foundation and foster enthusiasm for outdoor
science.

Young Native Scholars  - The Young Native Scholars
program (YNS) is an independent organization funded
by a large array of local and Federal sources, including
the SDSU/ Indian Health Center California Native
American Research Center for Health, the National
Science Foundation via our project, and many other
tribal, governmental, and private entities. The program
also enjoys in-kind contributions from SDSU, UCSD and
other regional institutions, largely in the form of faculty
and staff time and expertise. Under the direction of Mr.
Marc Chavez, the program is now entering its sixth year.
It has already served approximately 120 high school
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students (roughly 20 per year), most from local Native
American reservation communities, but with some from
elsewhere in either the desert Southwest or northern
California. This competitive program supports the high
school to college transition for academically-inclined
youth in tribal communities. 

The program works to cultivate a personal
identification as a "scholar" for high potential students,
instilling a sense of pride and accomplishment. Students
are given access to the best mentors and professionals the 
community has to offer. During the summer, YNS offers
a two-week Residential Academy. The Sharing the Land
project partially supports the summer institute,
especially with vehicle transportation for participants
and laptop computers. Classes and workshops introduce  
students to the earth, biological, physical, and
environmental sciences; it is linked with literacy, critical
thinking, research techniques, computer technologies,
wellness techniques, cultural studies, and history. All are 
woven into the experience, allowing a "holistic"
approach to education. The detailed schedule for this
past summer's residential program is available on the
YNS website, www.nativescholars.org. The Summer
Program is residential, and students are divided into
four groups each led by a YNS Mentor - a more senior
Native student, typically a local college student, who acts 
as a leader and guide for each small group of 4-6
students. One or two outstanding high school students
from previous years' programs are asked back to serve as 
a YNS Intern, assisting the program staff, and working as 
peer mentors to current year students. A ltogether the
program is built on a foundation of mutual respect,
cooperation and peer mentoring, consistent with
traditional pedagogy in many Native American cultures
(Aragon, 2002; Cajete, 2000). The authors have regularly
participated in the YNS summer program, conducting
field and classroom geoscientific activities and projects
in concert with tribal elders. We help teach the
participating students about the scientific legacy
contained within their own cultures with the help of
Native partners, and work to enlighten them about the
historical and current scientific issues facing their home
communities. 

Assessment of the YNS Program to date has focused
on student attitudes toward and awareness of various
environmental science and health-related careers, the
development of study skills, self-esteem, and knowledge 
of the college transfer process. Administered by the
Institute for Public Health in the Graduate School of
Public Health at SDSU as a set of pre-and post-program
surveys as part of an internal program evaluation during
the 2005 YNS summer program, the responses showed
that Young Native Scholars provides impressive results
in these areas. Of the students completing the
questionnaires (18 of 20), virtually all of the students
reported an awareness of possible career paths in
environmental science and an increased willingness to
seek out coursework in this area once in college. A ll of
the students responding also reported understanding
the differences between various types of collegiate
degrees and the differences and opportunities available
at 4-year colleges, community colleges and tribal colleges 
after completing the YNS summer program. Students
also turned in daily journals and reflections on their
learning, which we are investigating for possible
expansion into a more detailed qualitative study of
student experiences in future years. Assessments of
learning gains for scientific content have not yet been

conducted, but analyses of this nature are planned as a
regular part of the year-round extensions of the YNS
program described below.

Year-round support - YNS has proven itself to be an
effective approach to academic enrichment and
outreach, as well as being a unique and engaging
experience for student participants. However, without
support from school-year curricula, the impact of YNS is
likely to be constrained to that of an isolated experience.
To better mentor these students into the earth and
environmental sciences and related health fields,
follow-up experiences are required. Our initial intent
was to provide that follow through by linking with
specialized high school curricula developed by the
project for use at schools which serve a significant Native 
American population. However, after repeated attempts
at collaboration in program and curriculum
development with local Native-serving high schools, we
have abandoned this approach for the time being in favor 
of more focused weekend and field-based programs for
YNS summer program graduates. We found that
individual teachers and principals at local high schools
were very receptive to curricular modification to reflect
local environmental concerns and Native American
concerns and knowledge, but the problems ultimately
came down to compliance with State standards and
high-stakes testing. The concern of most principals and
district personnel was that deviation from adopted
curricula would compromise test scores in their
classrooms, and additionally district and school
administration was not sure how curricula driven in part
by concerns of a minority group would be received by
the largely majority population a school sites. We spent
most of the first year working at these connections and
having these discussions, and as of this writing we have
decided to redirect our efforts at expanding our support
for YNS as a year-round engagement and enhancement
program for student participants in the summer
program. 

Our new plans are to build a field-based,
culturally-integrated curriculum and offer it four times
throughout the school year for all YNS participants as
funding permits. We will take advantage of regional
connections with tribal educators and physical localities
with cultural and scientific significance throughout the
region, gradually building in standards-based science
content in collaboration with certified science teachers.
Working with the YNS program, we will have full
control over the geoscientific content of these extension
programs, opening many opportunities for educational
research in this setting over the next few years.

Tribal Environmental Offices - Since 2000 the IESP has
enjoyed collaborative relationships with tribal
environmental managers at many local reservations.
These contacts were largely initiated by elder Henry
Rodriquez and the Native American Environmental
Protection Coalition (NAEPC). Irregularly over the
intervening years, we have conducted informal
geoscience education sessions at various tribal EPA
offices for adult tribal environmental managers,
regularly inviting staff from neighboring reservations to
the sessions. Typically occurring on Friday afternoons,
the authors would gather at a "host" tribal EPA office
along with participating tribal environmental staff and
proceed to move the sessions out into the field. The
hosting reservation staff selected field sites having
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environmental concern to the tribe. Discussions of
problems and solutions would ensue, bringing
geoscience content to the situation as required. The
immediate advantage of this approach is that all
scientific discussions were fully contextualized with the
reality of the reservation setting. We also have found that 
indigenous knowledge held by tribal members emerges
more readily in a field context, providing even more
educational relevance for the geoscience information at
hand. Project staff are always careful to offer an
educational rather than consulting approach to
geoscience education in these settings, as it is our
continuing goal to provide all the expertise needed for
good decision making to local Native American staff free
of charge rather than offering advice for hire.

With the advent of NSF funding for the Sharing the
Land project, we saw an opportunity for our YNS high
school students as well as an opportunity for our usually
understaffed tribal environmental office partners. We
now offer paid fellowships or internships for YNS
summer program graduates to work in tribal
environmental offices on their home reservations, under
the guidance of EPA managers. The goal is to provide for
the students a clear vision of what acquiring an earth and
environmental scientific education can do for them
personally, what kinds of jobs they are likely to perform
in the future for their tribal communities, and some real
sense of the larger-scale impacts and importance of their
work will be if they follow this path. The project also
distributes much-needed income to teenagers on local
reservations, which clearly provides goodwill for the
project.

To assess the impact of these work experiences on
our high school interns, we have initiated a short-term
longitudinal study of students entering our internship
program. Our approach has been qualitative in nature
because of the small population and exploratory nature
of the research. We have adopted a grounded-theory
style methodology for this study (Creswell, 1998; Strauss
and Corbin, 1998), conducting student interviews at the
beginning of internships and then periodically at
roughly 6-8 week intervals as individual interns progress 
through the program. A key piece of this research is to
assess how this experience functions as an educational
experience for the student in terms of influencing their
conceptions of the nature of science and how they
perceive science as connecting and interacting with their
Native cultures.

In order to document the evolution of their
conceptions about the nature of science, , Form B of the
Views of Nature of Science (VNOS; Ledermann, et al.,
2002) questionnaire was reformulated as an interview
protocol. Using this protocol, the interns were
interviewed at the beginning of the internship and will
be interviewed approximately every two months over
the course of their internship. The interviews were video
recorded, transcribed, and coded. The development of
emergent codes was guided by the Nature of Science
(NOS) views described by Ledermann, et al. (2002) and
was collaborative among the researchers. Researchers
independently analyzed the data and then compared
analyses; discrepancies were resolved through
consensus. Data from new interviews were coded and
compared to each student's previous interview(s), and
changes in their conceptions were documented. 

Initial results from the early interviews of three
interns provides an emerging profile of what type of
student is likely to benefit from such an internship

program. Transcript analysis shows that in order for an
intern to continue in and benefit from the experience,
regarding their NOS conceptions or otherwise, they need 
to enter the program already having an interest in
science. Similarly, these data indicate that the interns
likely to continue in the program already have relatively
sophisticated NOS conceptions. These observations
highlight the importance of quality science instruction in
the K-12 system that not only engages Native students
but guides them in developing informed NOS views.
Furthermore, it helps us focus on specific individual
students participating in the YNS year-long support
programs.

University Programs  - Our hope for all participants in
our project is that they will complete undergraduate and
graduate programs in the earth and environmental
sciences. To this end we are forming a consortium of
universities around the nation we know to be receptive
and welcoming to Native students and have initiated a
few formal collaborations for student recruitment and
support . The University-level portion of our project is
centered at Purdue University, which has graduate
education as a primary focus and is now the home to
three existing and other planned collaborative programs
with regional universities and their surrounding Native
communities. The IESP is housed at Purdue, and we have 
hired a full-time Native American staff member to
coordinate student activities, program details, and to be
present at field programs as possible. Her duties also
include working as a liaison with academic scientists at
all of our partner institutions to facilitate scientific
research on Native lands and the direct involvement of
American Indian students and community members in
that work. Purdue is also the home to the Tecumseh
Program, a University-wide initiative to facilitate
University relations and programs to serve Native
populations in Indiana and elsewhere. The project also
serves as a social and academic support network for the
Native American students on campus in cooperation
with the Graduate School and the Office of Multicultural
Programs. There are also programs funded by NSF via
the LSAMP and AGEP programs in place at the
University to support incoming Native American
graduate students in science and allied fields. The
University has founded a permanent Native American
Educational and Cultural Center with a full-time
director, and has also recently attracted funding from the 
Alfred Sloan Foundation to offer significant financial
support for any Native American students entering the
university to pursue graduate degrees in any STEM field,  
including the earth sciences and science education.

Partnerships with regional universities are designed
to be collaborative and mutually supportive. Partners
currently include San Diego State University, Bemidji
State University and tribal colleges in northern
Minnesota. In all cases, programs exist at these
universities to recruit incoming Native students into
earth and environmental science departments and
provide support (financial and social) for their success
there. At SDSU we have partnered with the Minority
Access to Research Careers program and CA-NARCH,
both funded partially or completely by the National
Institutes for Health. The program at Bemidji State is
independently funded through the NSF GeoEd program,  
and draws on the expertise of tribal colleges and high
schools serving the Ojibwe communities in northern
Minnesota. 
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The strategy of combining the resources of a research 
university like Purdue with the regional relevance and
connections of locally-engaged universities like SDSU
and BSU and tribal colleges makes a great deal of sense.
Many students from reservation communities are not
ready or able to leave home after high school to dive into
the environment of a research university many miles
from home. Providing well-defined pathways through
local universities provides a local start for Native
American students from which they may elect to
continue on for graduate work once they have chosen a
field of study and have acclimated to the academic
environment. It also provides access for large research
universities to local reservation communities that would
not be possible without the local connections and
engagement of geoscience faculty in these regional
institutions.

Tribal colleges can also serve a valuable role in such
networks, but with the exception of the Bemidji State
University program, tribal colleges have served a
relatively minor role in our programs. San Diego county
does have a small tribal college, but at the current time it
is not accredited, nor does it have any formal science
programs outside of ethnobotany. It started as a branch
of DQ University at the Sycuan Reservation and became
Kumeyaay Community College. Courses of interest to
the Native population commonly taught at the college
include: Yuman philosophy, Kumeyaay arts and crafts,
ethnobotany, and Kumeyaay history and language. In
the San Diego region, mainstream community colleges
provide a much more robust and well-traveled pathway
for Native American students seeking college degrees.
We have made an effort to include these colleges in our
work, and as each of our student participants moves
through our program, we are willing to work with them
individually to determine the best path and to provide
support as we are able through their entire course of
study.

CONCLUSIONS 

Until we mentor one student through all four
components of the program, we do not feel fully
comfortable using the word "successful." We have had
many local successes with this model, but we are
learning at every turn and have a long way to go. There
are some general conclusions we can draw, however.
First, be patient. Programs with Native American
communities take a long time to build and require a lot of 
personal attention to nurture and maintain. Second, do
not hesitate to be personally present and available on
reservations. The standard for communication on
reservations is still in-person visits and phone calls -
tribal elders, tribal councils and students respond better
to in-person visits than e-mails. Third, remember that
each of the students in a program of this nature are
precious. The impact of programs of this scale on
communities of this size cannot be broad, but it can be
deep, and if we manage to return any amount of
geoscientific expertise to our partnering communities
then we have succeeded at some level. The key is simply
to be pleasantly persistent and not to expect instant
results. It is our hope that more geoscientists continue to
engage local Native American populations around their
universities and places of work through the coming
years. We feel that everybody has much to gain from the
increase in understanding, and that the geosciences as a

whole will benefit from the improved insight and
perspective.
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