
ABSTRACT

At a time when geoscience departments are being
eliminated or dispersed, three new undergraduate
geoscience degree-granting programs were approved
during the past decade. These programs have grown into
sustainable academic entities that maintain solid
enrollments and place students into high quality
graduate programs and geoscience careers. The curricula
at all three institutions focus on graduate school
preparation and/or career placement, and include a
strong commitment to fieldwork and undergraduate
research. Each program has faculty members who have
made program development their primary professional
goal. The faculty also faced similar challenges in the early
stages of program development, such as having to teach
a wide variety of upper division courses, needing to
establish program credibility, finding the time and
funding necessary for faculty and undergraduate
research, obtaining materials for laboratory courses, and
recruiting majors. The experience and knowledge gained 
through the development of these new programs should
be valuable for others working to establish new
programs and maintain existing programs.

INTRODUCTION

The elimination, dispersion and downsizing of
geoscience departments in response to budgetary and
other constraints has been extensively reported (Lubick,
2004; Rossbacher and Rhodes, 2004a,b,c; see box 1).
According to the American Geological Institute, at least
sixteen B.S or higher degree-granting geoscience
departments in the United States and Canada were
eliminated or dispersed over the past decade (Keane,
2005, personal communication). In contrast, at least three
new undergraduate geoscience degree-granting
programs were approved during the past decade. New
geoscience programs at St. Norbert College (SNC) and
the University of Alaska Anchorage (UAA), and a
geology-based environmental science major at Black
Hills State University (BHSU) have experienced steady
to rapid growth of majors despite small budgets and
limited faculty. Each program has already placed
students into some of the top-ranked geoscience
graduate programs in the country and other graduates
have obtained employment in various geoscience fields.
The three institutions have different traits, student
demographics, and geoscience curricula, yet have
common themes, including a focus on graduate school
and career preparation, a strong devotion to field work, a
commitment to involving undergraduates in research,
and incorporating traditional geology program elements 
into the curriculum. The information presented in this
paper provides insight to both developing and
established programs and may give geoscience

department leaders useful information in preparing
arguments for the preservation and growth of their own
programs.

BACKGROUND AND HISTORY OF THE
PROGRAMS

St. Norbert College - St. Norbert College is a small
(~2100 students), residential, selective, denominational
college located in DePere, Wisconsin (Table 1).
Approximately 60% of the students are from Wisconsin,
20% from Illinois, and 10% from Minnesota. The average
ACT score is slightly above 24 and family income slightly
less than $80,000 per year. More than 50% of all students
major in the teacher preparation or business programs,
fewer than 20% major in the areas of math and science.
There are 128 full-time faculty. DePere is part of the
Green Bay metropolitan area, which has a population of
approximately 220,000. Significant businesses in the area
are paper making, health care, and the Green Bay
Packers professional football team.

The geology program is a recent addition to St.
Norbert College. Geology courses were initially
introduced into the curriculum when the first geology
faculty member was hired in 1987; within five years SNC
graduates were attending geology graduate programs.
In the fall of 1994 the second full-time geology faculty
was hired, and the B.S. in geology was approved in
spring of 1995. A third full-time geology professor was
added in the fall of 2003. On average, SNC graduates 2-4
geology students per year, with 70% of those going on to
graduate study in geology. To date, four alumni have
completed Ph.D.'s in geology (University of Colorado,
The Ohio State University, University of Utah, and the
Massachusetts Institute of Technology) and two of these
currently hold tenure-track positions at state
universities. Seventeen graduates have completed M.S.
degrees. Two students are in Ph.D. programs and six are
pursuing M.S. degrees. Approximately 70% of graduates
are employed in geology-related fields, including
environmental and engineering consulting firms,
academia, and government. 

Black Hills State University - Black Hills State
University is a moderate enrollment (~4,000 students),
undergraduate, state-supported liberal arts university
with a tradition as a teacher-preparation institution. The
school is not selective (high school diploma or GED),
>92% of the students come from South Dakota or
Wyoming, and the average ACT of incoming freshmen is
21. Located in Spearfish, South Dakota, the institution
was known as Black Hills Teachers College from the
early 1900's until 1964, when it became Black Hills State
College. In 1989, the South Dakota Board of Regents
elevated Black Hills State to university status, and
provided faculty with an opportunity to modify and
implement new majors. 
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(BS) Adelphi University, Department of Earth Sciences
(AA) Berkshire Community College, Life Sciences Department 
(BS) Catawba College, Department of Geology, 
(BS) Central State University, Earth Science Department 
(AA) Chabot College, Division of Mathematics & Science 
(AA) Citrus College, Department of Physical Science
(AA) College of the Sequoias, Geology Department 
(AA) Colorado Mountain College, Science/Math Department 
(AA) Contra Costra College, Division of Science & Mathematics 
(BS) Drake University, Department of Environmental Science and Policy 
(BS, MS) East Texas State University, Department of Biological & Earth Sciences
(BS, MS, PhD) George Washington University, Department of Earth and Environmental Sciences
(AA) Henderson Community College, Department of Physical Sciences (Geology) 
(AA) Illinois Central College, Earth Science Department 
(AA) Miami-Dade Community College (South), Department of Biology & Earth Sciences 
(AA) Monroe Community College, Geoscience Department
(BS) Nicholls State University, Department of Earth Science 
(BS) Northern Montana College, Earth Science Department
(AA) Oakton Community College, Science Department 
(AA) Providence College, Biology Department 
(AA) Sacramento City College, Department of Geology 
(AA) Schoolcraft College, Department of Geology 
(AA, BS) Stephens College, Department of Natural Science 
(BS) Stetson University, Department of Geography & Geology, (just Geography now)
(BS, MS) Southeast Missouri State University, Department of Geoscience 
(BS) United States Coast Guard Academy, Marine Science Section 
(BS) University of Alabama Birmingham, Department of Geology 
(BS, MS, PhD) University of Connecticut, Department of Geology & Geophysics 
(BS, MS) Virginia State University, Department of Geological Sciences
(AA) Wabash Valley College, Science Department 
(BS) Wassuk College, Department of Natural History (College went bankrupt) 

Box 1. List of degree granting geoscience programs in the United States and Canada that have been
eliminated or dispersed in the past decade (Christopher M. Keane, American Geological Institute, personal
communication 2005).  AA; Associate in Arts  BS; Bachelor of Science  MS; Master of Science  PhD; Doctorate

Trait SNC BHSU UAA
Type of Institution Undergrad/Liberal Arts Undergrad/Liberal Arts Undergrad/Liberal Arts

Reputation Education/Business Education/Business Education/Business
/Nursing

Selectivity Selective High school diploma or
equiv.

High school diploma or
equiv.

Private/Public Private Public Public
ACT/SAT scores ACT average 24 ACT average 21 NA
Enrollment (2004) ~ 2,100 ~4,000 ~13,600

% Students in Science
Programs ~15 ~15 NA

Geoscience Majors
Graduating/Year 2 to 4 3 to 5 20 (projected)

Year Major Approved 1995 1993 2004
Regional Characteristics Small metropolitan Rural Urban

In-state/Out of State
Enrollment ~ 60% WI ~ 92% SD or WY ~94% AK

# of Geoscience Faculty 3 1 3.5

Table 1. Comparison of institutional traits.



When the university's first geologist was hired in
1991, Spearfish had a rapidly growing population of
approximately 7,000 and an economy supported by
mining, timber, agriculture and tourism. Within 30 miles
of Black Hills State University's Spearfish campus are
five cyanide-leaching, open-pit gold mining operations,
a thriving timber industry on more than 1,000,000 acres
in the Black Hills National Forest, and a well-established
ranching industry on the surrounding plains. In
addition, several low-sulfur coal mines near Gillette,
Wyoming, and large-scale bentonite mines near Colony,
Wyoming are located within 100 miles. The Black Hills
area also supports a successful tourism industry, which
includes Mount Rushmore, Devil's Tower, and Spearfish
Canyon. Black Hills State University did not have a
reputation as a "science school", due in large part to an
inability to compete for science-oriented students who
instead chose to attend South Dakota School of Mines
and Technology, a well-respected science and
engineering institution located in nearby Rapid City, SD.

Primarily because of tight budgets and the perceived
startup costs required to initiate a science major,
administrators at BHSU were not enthusiastic about
establishing a new geoscience program. Nonetheless,
BHSU sent forward a request to the South Dakota Board
of Regents for a new major with the provisions that it
would not increase the operating costs of the college and
would not require additional faculty. One additional
constraint was that it had to occupy a unique curricular
niche not filled by existing geoscience departments at the
other five state-supported universities. By 1993 the South
Dakota Board of Regents had approved a
mathematically-rigorous, geology-based Environmental
Physical Science major (with no biology required) and a
modified Earth Science minor, both to be implemented in
the 1994-95 academic year. The first majors graduated in
1995. Since then, an average of 3-5 students graduate per
year, with a high of 13 majors graduating in 1998.
Enrollments have stabilized at approximately 25 majors
and 35 minors. Since 1995, 15 students have entered
geoscience graduate programs (four Ph.D. and 11 M.S.)
at schools including Dartmouth College, Brown
University, and the University of Minnesota. Seven have
received advanced degrees (one Ph.D. and six M.S.) and
six are currently enrolled in graduate programs. Over
95% of all graduates are currently in graduate school or
employed in the geoscience field. In particular, many
BHSU graduates have found employment in the
Geographical Information System (GIS) and hydrology
fields.

University of Alaska Anchorage - The University of
Alaska Anchorage is a state institution with a dominant
undergraduate student body of ~13,600 at the Anchorage
campus, and an additional ~6,700 at four branch
campuses. The institution was founded in 1954 as
Anchorage Community College and merged with the
University of Alaska system in 1987. Approximately 11%
of all students major in elementary education, with 8%
each in business and nursing.

The geology program at UAA began with the first
offering of Physical Geology in 1954, when the
Anchorage Community College (ACC) used facilities at
nearby West High School. In 1970, geology moved to the
ACC campus proper and in 1971, the first two full-time
geology faculty members were hired. Several adjunct
faculty were added in 1975-76. Enrollments in geology
more than doubled between 1970 and 1985, while the size

of the facility and the staff remained unchanged. A third
full-time faculty member was hired in 2001, followed one
year later by another half-time faculty member who has a
joint teaching appointment. The Bachelor of Science in
Geological Sciences was approved by the University
Board of Regents in 2004. Currently there are three and a
half tenured or tenure track positions, one full-time term
instructor position, and several adjuncts in the
department. In the first year of offering the B.S. in
Geological Sciences there are approximately 30 majors in
the program.

After graduating from UAA, several students have
gone on to graduate programs at institutions such as
Northern Arizona University, New Mexico School of
Mines, the University of Idaho, and Colorado State
University. Some students have obtained jobs at state
and federal agencies including the USGS, and others are
employed by mining companies in the state. Recently,
students have been hired by local and national
environmental and engineering consulting firms. On
average approximately 3-4 graduates go on to graduate
programs per year and 6-8 obtain jobs in the local
industries.

REASONS FOR PROGRAM INITIATION
AND ADVISING OF STUDENTS PRIOR TO
PROGRAM APPROVAL

St. Norbert College - The primary purpose for hiring the
first geology faculty was to contribute to the
environmental science major (environmental biology)
and add a missing discipline to the science division. The
possibility of establishing a geology program was
discussed during the hiring process, but initially the
college was not convinced that a geology major could be
a sustainable program. The first step toward the
development of a geoscience program was to encourage
students to take courses beyond introductory geology.
The first such student was recruited in 1988 under the
umbrella of a natural science degree with an emphasis in
geology. The natural science degree was a selective
science major designed primarily for pre-med students.
The student was advised to take a year of calculus,
chemistry, and physics, and all the geology courses
offered. She was awarded a Goldwater Scholarship her
junior year and went on to a high profile graduate
program in glacial geology. The credibility of the
geology program was established over the next six years
as several other students followed this model of success.
For most of this time, the geology courses were taught as
non-compensated overloads, many outside the faculty
member's area of expertise, but a strong field component
was emphasized to enhance the students' learning. In
1993, the college agreed to hire a second full-time
geologist in order to meet staffing needs for general
education. With two full-time faculty members and a
healthy track record of graduate school acceptance and
success, the official geology major was approved by a
unanimous vote of the faculty in spring of 1995.

Black Hills State University - Initially, the primary
rationale for hiring a geologist was to offer 12 hours of
coursework per semester that would fulfill two critical
institutional needs: the need to offer earth science
laboratory courses as part of the students' general
education requirements, and the need to make it possible
for pre-service teachers to obtain the one credit-hour of
Earth science that was required for state certification.

Anderson et al. - Three New Geoscience Programs 43



After only one year with this arrangement, a number of
students expressed interest in pursuing geology as a
major. Unable to earn a degree in geology at BHSU,
many students transferred to other institutions. The
faculty member seized the opportunity provided by the
South Dakota Board of Regents to implement a new
geoscience program.

Students with a geology interest who remained at
BHSU from 1991 to 1994 were funneled into the Science
Department's Physical Science major, which previously
had housed secondary science education students.
Upper division geoscience offerings were substituted for
required education coursework (such as Methods of
Teaching Science). However, with the approval of the
Environmental Physical Science program in 1994-95,
students were able to easily transfer into the newly
established major. 

University of Alaska Anchorage - The geology
program at the University of Alaska Anchorage began
with a few sections of introductory-level geology
courses. Due to the popularity of these courses, other
introductory upper-division offerings were taught by
new faculty and adjunct instructors as resources
permitted. By 1985, major core courses were offered on a
regular basis. 

In 1987, ACC and UAA merged and provided new
avenues for students seeking a geology degree, such as a
B.S. in Natural Science with an emphasis in geology.
Additional faculty hires in 2001 and 2002 permitted an
expansion of the upper division curriculum. As
additional faculty were hired to handle increasing
enrollment in the introductory and upper division
geoscience courses, it became obvious that a B.S. in
Geological Sciences was needed to satisfy the needs of
students as well as the state of Alaska. Two of the major
reasons for the approval of the Bachelor of Science in
Geological Sciences was that students wrote letters of
support indicating their need for obtaining degrees in
geology and the department and dean of the College of
Arts and Sciences sought and obtained a large body of
support from the community and state. The oil and gas
and environmental industries as well as organizations
such as the Alaska Geological Society and the Alaska
Miners Association were particularly supportive of the
implementation of a major in geosciences because of the
need for trained professionals in the field.

In the spring of 2004, the University Board of Regents
approved the Bachelor of Science in Geological Sciences.
Because the program fulfills a need to train geoscientists
for employment in the state's large mining and
environmental fields, it received widespread support,
both on campus and in the community. Based on the
numbers of students that previously graduated with a
B.S. in Natural Science with an emphasis in Geology, it is
anticipated that 20-30 students per year will graduate
with a degree in the Geological Sciences in the next two
years and it is expected that those numbers will increase
in subsequent years.

CURRICULA, GOALS AND PROGRAM
PHILOSOPHY

St. Norbert College - The educational philosophy and
geology core curriculum at SNC is fairly traditional
(Table 2). Over the course of several years, many
graduate schools and undergraduate schools were
informally surveyed as to "what constitutes a high

quality undergraduate geology program?" When the
information was processed, several themes emerged that
were used as the building blocks for the core curriculum.
Graduate schools were seeking students with good
writing skills, quantitative backgrounds, creative and
critical thinking abilities, with basic and broad
understanding of geologic concepts, and firsthand
experiences in field geology. Consequently, we
developed a traditional geology core curriculum
requiring additional field experience and
student/faculty collaborative research. An internal
measure of the quality of the program was determined to
be the ability of students to matriculate into and succeed
in high quality graduate programs.

Black Hills State University - The Environmental
Physical Science curriculum at BHSU combines
traditional geoscience elements with upper division
course offerings in hydrology and geographical
information systems (Table 2). Students are required to
complete physical and historical geology and two
semesters each of calculus, chemistry, and physics. In
addition, students must complete seven additional
upper division math or science courses, including at least
three geology and two math beyond Calculus II. Of the
18 upper division options, eight are geoscience and five
are mathematics. Traditional courses such as
mineralogy, petrology and structural geology are offered
as electives on campus or through nearby South Dakota
School of Mines and Technology, concepts of
stratigraphy and sedimentology are incorporated into
the hydrogeology course, and field geology principles
are taught and utilized in most upper division geology
courses.

BHSU, like SNC, also measures program quality, in
part, on the success of its graduates to succeed in
graduate school. Although it is not a formal requirement,
all majors are expected to participate in undergraduate
research projects or internships. Simply stated, the goal
of this program is to use the unique natural setting of the
Black Hills to help prepare students for the rigors of
graduate geoscience education and/or employment in
their field of study.

University of Alaska Anchorage - The curriculum in
geological sciences at UAA is centered around a
traditional core that is supplemented by supporting
science courses and specialized electives in
environmental geoscience. There are two options for
majors to choose from: 1) general geology track and 2)
environmental geology track. These tracks were
developed to meet the needs of students going on to
graduate programs or seeking geoscience-related
employment after graduation. The tracks are similar
except that additional courses are required for the
environmental track, such as hydrogeology,
environmental geochemistry, and a soils course (Table
2). The overall goal of the curriculum is to provide
students with the appropriate preparation for either
graduate study and/or careers in the geosciences.

METRICS FOR SUCCESS

One of the most difficult challenges facing these newly
developed geoscience programs is to find methods to
measure their effectiveness. In the early stages of
program development, faculty involved in creating these
majors had fairly simple criteria for gauging the
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effectiveness of the program; were graduates finding
meaningful employment and/or succeeding in quality
graduate programs? However, as the programs grew
and administrators needed more in depth information to
make decisions on how to use limited resources, faculty
were forced to consider additional methods for
measuring success. Therefore, these new programs are
now dealing with the same assessment issues that nearly
all established geoscience programs are currently facing.

Each school is addressing the assessment of their
programs in a slightly different manner. SNC does not
require yearly formal assessment of the geology program
but has implemented several measures to gauge
program effectiveness. St. Norbert College tracks the
careers of graduates, analyzes a survey given to alumni
five years after graduation, and compares their student
preparation/performance to others at geology field
camp. Since SNC does not offer field camp, field camp
directors and students are surveyed to obtain this
information.

UAA is required to produce an assessment of the
geological sciences program every year to the College.
This assessment is based on the department's articulation
of learning outcomes for the students in the program and
a plan to assess those outcomes. In essence this is done
through senior level capstone field courses which allows
faculty to assess the overall effectiveness of the program.
It is likely that a long term survey similar to that used by
SNC to alumni five years post graduation will soon be
implemented. Every 5 years, the Board of Regents

mandates a comprehensive program review, which
encompasses other things besides student learning
including the overall total functioning of the department.

Black Hills State University also mandates that a
formal assessment document must be developed and
approved for each major, and that this document must
include a mission statement, program goals, and
multiple assessment measures for each program goal.
Yearly assessment reports are prepared by the faculty
and submitted to the university's assessment committee
for approval. The assessment strategy for the
Environmental Physical Science major includes an exit
survey of all majors that solicits information on
post-graduate plans for employment or graduate school,
value of existing course offerings at BHSU, suggestions
for program change, and perceived level of preparation
for future work in their field of study. It also includes the
submission of a portfolio from each graduate that
contains transcripts, published papers and abstracts, and
results of research projects. Also, BHSU requires each
graduate to complete an exit exam covering some of the
basic concepts taught in major classes. In the past, the
faculty prepared this exit exam. However, the desire to
gather data from a more valid and reliable assessment
instrument will result in the administration of the
Geoscience Concept Inventory (Libarkin and Anderson,
2005) in future years. The program's first survey of all
graduates will occur during the 2005-06 academic year,
with future surveys occurring every 5 years. This
post-graduate survey will track job placement and
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Courses Offered SNC BHSU UAA
Major Requirements

Physical Geology required required required
Historical Geology offered required required

Mineralogy required offered** required
Petrology required offered** required

Structural Geology required offered** required
Sedimentology/Stratigraphy required offered** required

Geochemistry not offered offered required
Field Methods offered offered required

Field Camp not offered/required not offered/not required required/offered
Research Methods offered offered required

Hydrogeology offered offered required*
Soils not offered not offered required*

Environmental
Geochemistry not offered offered required*

Major Electives^
Environmental Geology offered offered offered

Glacial Geology offered not offered offered
Geophysics not offered offered** offered

Field Trip Courses offered offered offered
Senior Thesis offered offered offered

Support Courses
Mathematics 4 credits of Calc 2 courses beyond Calc II 4 credits of Calc

Chemistry 8 credits required 8 credits required 8 credits required
Physics 8 credits required 8 credits required 8 credits required

Table 2. Composition of curricula. * Course required for environmental geology track at UAA. ** Course
offered at nearby South Dakota School of Mines. ^ Other electives offered at all three institutions.



graduate school success, as well as suggestions for
program change. The BHSU Assessment Committee has
approved the assessment document for the
Environmental Physical Science major every year. The
Environmental Physical Science major has also gone
through one formal program review that included an
evaluation of an outside reviewer who commented on
the strengths of the program (post-graduate success of
students and dedication of the faculty to the program) as
well as the major weaknesses (one full-time faculty
member and lack of resources).

CHALLENGES

Teaching - Common challenges emerged at all three
institutions during the early stages of program
development. One of the most difficult challenges was
offering a broad enough range of courses to constitute a
viable major given limited faculty and resources. All the
programs have a relatively strong field and applied focus
due to the existence of broadly trained faculty in each
department. This enabled single faculty members to
teach a wide enough variety of courses to initiate a major.
In addition, these faculty willingly taught most, if not all,
geoscience courses (including occasional overloads) and
handled all relevant advising as the programs grew.
Perhaps the most significant element common to these
programs is that the faculty also made the growth and
sustainability of their programs one of their most
important goals. The research and teaching agenda of
most of the first faculty were deeply influenced by the
desire to recruit and educate students through
high-quality courses and research mentoring. 

SNC was able to add more faculty primarily based
on two arguments. The first and primary argument
related to the needs of the general education program of
the College. All students are required to take one
lab-based science course to graduate. A need for more
general education courses developed and geology was
the only science program that lobbied for this
responsibility. Consequently, the viability of geology
was established independent of the program itself. A
second argument was based on the increasing number of
students in geology courses and the positive success and
visibility of the program. The addition of a second faculty
member allowed for the revision of several courses, the
shifting of upper level courses to areas of faculty
expertise, expansion of research and field experiences for
students, and the elimination of unpaid overloads for
necessary courses. This expansion provided greater
breadth to the curriculum, allowed the faculty to teach
the courses best suited to their background and allowed
time for other academic pursuits such as student/faculty
research or peer-level research. 

On the other hand, BHSU has yet to add additional
tenure-track faculty, so the institution is forced to
continue collaborative arrangements with local
geoscience professionals and faculty from other
academic areas. In the past three years, BHSU has added
two adjunct faculty to the staff; a hydrologist from the
United States Forest Service and a GIS professional from
the Lawrence County Invasive Species Management
office. Both adjunct faculty lend their expertise in upper
division hydrology and GIS courses by advising
students on their individual projects (a staple of upper
division coursework at BHSU), and tutoring students
during lab periods on equipment and software issues. In
return, these adjunct faculty have access to university

facilities and high-quality local students for research
assistants and summer employees. This arrangement has
reduced the workload of the single faculty member as the
number of majors increases. UAA followed a different
path, and was able to add 3.5 tenure-track faculty and a
solid upper division curriculum before program
approval.

In running their laboratories, new programs face the
challenge of obtaining sufficient resources, such as rock
and mineral specimens, maps, and microscopes. Both
SNC and BHSU put together modest rock and mineral
collections by collecting new samples during field work
and soliciting donations. Since neither school had
geoscience alumni, most donations were from colleagues
or private enterprises such as mining companies.
Obtaining more expensive lab equipment, such as
microscopes, continues to be problematic. SNC has six
high-end petrographic microscopes purchased by
internal science-division funding and thin section
preparation equipment, including rock saws, purchased
recently by start-up funds. BHSU has one high-end
petrographic microscope purchased as part of the faculty
startup package. SNC relied on no external funding for
equipment. However, securing external funding at
BHSU was a critical element in obtaining lab and field
equipment; hydrology and GPS field equipment was
acquired through NSF-Research Experience for
Undergraduates and NSF-Instrumentation and
Laboratory Improvement grants. Rock, mineral, and
fossil collections at UAA were gathered primarily
through donations either by the faculty or from outside
the university, or purchased internally as funds became
available. The department has 12 petrographic
microscopes that were provided as part of the original
building infrastructure. Two rock saws were donated to
the department and various research equipment in
faculty research labs was purchased as part of start-up
funds and/or externally funded grants. It is common for
faculty to collaborate with researchers at other
institutions if advanced analytical techniques are
required. This collaborative practice has provided
opportunities for undergraduates to interact with faculty
and students from these institutions. In some cases, the
student researchers have gone on to graduate programs
at the collaborative institutions.

Lack of space for teaching and research has been, and
continues to be, a critical issue at both SNC and BHSU,
especially because emerging programs need to be
politically sensitive to larger, well-established programs
in order to maintain collegial relations. Hence, both
programs seek to maximize the use of the space currently
available. Both schools have one geology-specific
laboratory classroom that houses introductory
laboratory and upper division courses, a small area for
rock/mineral/map storage, and a small computer room
utilized by major students. Larger lecture rooms and
computer labs are available elsewhere on campus.
Facilities for the UAA geology program consist of two
geology-specific laboratory teaching classrooms and one
lecture classroom partially devoted for teaching lower
division lectures. All faculty have access to research
space that varies in size depending on needs. In most
cases, undergraduate collaborative researchers also
utilize these spaces. There is also a centralized analytical
laboratory on campus that provides teaching and
research opportunities for faculty and students. In most
cases, undergraduate collaborative researchers also
utilize these spaces. Additional space is critical for the
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growth of these programs and careful solicitation, based
on internal and external arguments, is essential to obtain
that space. External arguments may be the strongest. For
example, at SNC consideration is currently being given
to the renovation of the science building. Geology is
actively engaged in this endeavor and will be given
comparable space and facilities compared to the other
science programs. In addition, as part of this renovation
process, a team from Project Kaleidoscope reviewed the
existing programs and facilities and recommended that
the space requirements of geology be upgraded before
the longer-term science building renovation occurs.
Consequently, the administration has allocated
appropriate significant space for geology that is
currently under renovation. The pressure supplied by a
recognized outside entity (i.e. quality external review)
was the key to obtaining new space.

Research - Research is expected at all three institutions.
Finding time to conduct quality research was a major
hurdle for both solo faculty at SNC and BHSU.
Student/faculty collaborative research is viewed as an
essential vehicle for educating undergraduates. At SNC,
student/faculty research is largely funded by internal
grants, or as part of the Natural History Field Course
budget. The Office of Faculty Development at SNC
initiated $1000 student/faculty collaborative research
grants beginning in 1990. Geology was the recipient of
the first award and has subsequently secured five
additional grants. The Natural History Field Course was
developed as a means of providing significant field
experience for students. Every other year, it is run as an
international trip, such as one to Costa Rica, while the
intervening year is a spring break trip, such as one to
Death Valley. The course is an unpaid overload for
faculty, but the tuition is returned to the department to
support the course. A great deal of student/faculty
research is budgeted in this fashion.

BHSU provides the option of purchasing teaching
release time from external grants. In return, quality
adjuncts are hired to teach the time-consuming physical
and historical geology Laboratories. Modest funding of
several thousand dollars per year was obtained from the
University's Faculty Research Program to support
projects with undergraduate participation. The
availability of release time and small in-house research
funds was essential for enabling undergraduate
participation during the early stages of program
development. These funds typically provided enough
resources for 2-4 local field-based research projects.
Students also participated in faculty-funded projects
supported by NASA and NSF research grants, and
through support of the SD Space Grant Consortium.
Many students were able to secure job or internship
experiences with local private and government agencies.

Most fac ulty in the nat u ral sci ences at UAA have a
re search com po nent to their work load. Be cause the
geoscience pro gram at UAA is cur rently un der grad u ate
only, most fac ulty in clude un der grad u ates in their re-
search. Un der grad u ates in the geo log i cal sci ences are en-
cour aged to com plete in di vid ual re search pro jects in the
form of a se nior the sis, in or der to grad u ate with hon ors.
Funding to sup port un der grad u ate re search co mes from
both ex ter nally funded grants and in ter nal fac ulty and
stu dent awards. Cur rently, un der grad u ates in geo log i cal
sci ences are in volved in re search re lated to ig ne ous pe-
trol ogy and vol ca nol ogy, gla cial ge ol ogy, en vi ron men tal
geo chem is try and hydrogeology. Many fac ulty also
serve on M.S. the ses com mit tees for stu dents in en vi ron-

men tal sci ence/en gi neer ing or in ter dis ci plin ary
pro grams.

Establishing Program Credibility - The establishment
of program credibility is critical for success. Credibility
affects not only the ability of graduates to find
employment or enter graduate school, but also the ability
of the faculty to attract and retain high-quality students
and external funding, and to compete for on-campus
resources such as funding, space, and new faculty
positions. All programs have used several similar tactics
to build credibility. First, all programs invested heavily
in their students in the early stages of program growth by
providing them with unique research opportunities that
helped them enter high quality graduate programs. In
the case for UAA, the Natural Science major was the
original avenue for applying geology course credits
toward a degree prior to approval of the geology major.
It was the popularity of the geology courses that led to
increased enrollments and hence the establishment of a
credible program. Second, student success was
publicized in campus newspapers and magazines so that
other students, faculty, alumni, administrators, and the
community were made aware that the new program was
successful. Third, students presenting research at
conferences were aware that their work and professional
manner would reflect not only on their personal
reputation, but on the program they represented. Fourth, 
credibility increased because of the successful
interactions of students in the community through
internships and jobs. The credibility of all of the
programs continues to grow as students enter and
succeed in high quality graduate programs and the
workforce. The advertised success of the earlier students
has thus paved the path for future students. 

Recruitment of Majors - Geology programs are
successful only if they have enough students, either in
the major or general education courses, to convince
administrators that continued support of faculty, space,
and funding is effective. A critical mass of geoscience
students ensures that students in the major can learn and
benefit from interactions with other talented students.
Thus, recruitment of high-quality majors is a critical
component in any major. Some established programs
benefit from their hard-earned reputation. New
programs do not have that luxury. To attract successful
majors, the three programs discussed here have
employed several different strategies: 

1. All three programs focus faculty resources on the
introductory geology courses in order to make
them among of the best and most popular
introductory science courses on campus.

2. All three programs publicize the success of
students in venues accessible to the general
student population, such as campus publications
and presentations.

3. At BHSU, letters were sent to the top 100
incoming freshmen (as determined by ACT math
and science scores) inviting them to enroll in the
Physical Geology course, and either opening or
reserving enough seats to accommodate them.

4. BHSU uses its Earth Science minor extensively for
recruiting by advising talented students, who are
reluctant to drop their current majors or are
apprehensive about choosing a
mathematically-rigorous major, to pick up the
Earth Science minor. The minor does not have a
math requirement and is appealing to those good
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students who are not yet ready to abandon their
current academic plans. However, many students
switch to the major once they succeed in the
upper division courses.

5. SNC encourages/recruits the best students from
the Physical Geology course to attend the
extended Natural History Field Course. Field
immersion often convinces students to pursue
geology.

6. At SNC, advanced geology majors are expected
to give presentations on their geological
experiences (such as summer field courses,
Natural History Field Course, field camp, REU
experiences, etc.) at Geology Club meetings.
Potential geology majors are encouraged to
attend these meetings.

7. At UAA there are several field courses taught
every summer that serve as a catalyst to get
students from the lower division courses to major
in geology.

8. The simple (or not so simple) fact is that having a
geology major available as an option has also
increased the number of students in each of the
programs

IMPLICATIONS FOR ESTABLISHED
UNDERGRADUATE PROGRAMS

Sev eral les sons learned along the way may be use ful for
those work ing within es tab lished ge ol ogy pro grams/de-
part ments. Fore most, the suc cess and per son al ity of a
pro gram can be greatly af fected by a sin gle fac ulty mem -
ber. Our new pro grams are suc ceed ing be cause one or
more fac ulty have made pro gram build ing a pri mary vo -
ca tional goal. While many es tab lished pro grams seek to
dis trib ute pro gram matic work among all fac ulty, it may
not be in the pro gram's best in ter est to do so. If pro gram
build ing is an im por tant goal for a geoscience de part-
ment, then crit i cal re spon si bil i ties, such as un der grad u-
ate ad vis ing and teach ing core courses (Rossbacher and
Rhodes, 2004b), should be the re spon si bil ity of fac ulty
who are fully com mit ted to these pur suits. Fac ulty who
take on these re spon si bil i ties may not have the same re -
search pro duc tiv ity as those less in volved in pro gram
growth. How ever, they must be fairly re warded and
com pen sated for their ef forts rather than pe nal ized for
any re duc tion in re search out put. Con vinc ing ad min is-
tra tors of this last point may be dif fi cult, but a
well-articulated ar gu ment must be a con stant com po-
nent of the over all case to pro mote pro gram qual ity and
sustainability.

Field and undergraduate research experiences are an
essential part of a strong, successful geoscience program
and should be valued and developed as much as good
classroom and laboratory instruction. Not only do these
experiences build the skills sought by high-quality
graduate programs and employers, they are also an
important factor in attracting new students to the major.
Research and teaching are routinely viewed as
competing interests in many departments. One common
aspect that SNC, BHSU and UAA share is that
student/faculty collaborative research is not only
valued, it is used as a vehicle to educate the best students.
Thus, even in larger departments with intense research
expectations for their faculty, undergraduate
participation in research is a mechanism for improving
the quality of undergraduate education. It also allows
faculty who do not excel in classroom teaching a forum
for positively affecting the education of their students
(e.g. Jarrett and Brunley, 2003). 

In many cases the initial building phase of a new
geoscience program begins with limited resources,
however it does not need to be viewed as an impediment
to program growth in the short term. However, it is
important for those building new programs to make sure
they develop five to ten year plans for growth so that the
administration will appropriately plan for the future
needs of the new program. We have found that graduate
schools and employers seem most interested in
documented achievement in quantitative skills, critical
thinking, and writing proficiency, along with quality
field and research experiences. Many graduate programs
appear less interested in a student's experience with
particular types of laboratory and research equipment.
Department decision-makers must deal daily with the
constraints caused by limited funding, space, and
faculty. We suggest that undergraduate programs
benefit more initially when these resources are first
placed into improved classroom teaching, field
instruction and advising. Additional resources for
specialized instrumentation and facilities are also
significant and are generally obtained both internally
and externally as the programs grow and faculty are
added. We fully acknowledge the difficulties that arise
due to poor facilities, such as attracting and retaining
faculty and providing cutting edge research
opportunities for students.

Although these three programs started with limited
resources, their continued viability is predicated on
appropriate, and hence additional, resources. For
example, what would happen if one of the faculty who
dedicated themselves to the growth of their program
suddenly left the university? Is the support and
infrastructure in place to ensure program survival? For
two of the program, SNC and UAA, a critical mass of
faculty has been achieved such that the loss of one
person, assuming concomitant replacement of that
position, would not be lethal to the program. In short, the
continued viability of a program must become systemic
rather than based on the commitment of one faculty
member. For at least one of these programs, the answer is
not clear. In 1998, the single tenure-track faculty at Black
Hills State left on a one-year sabbatical. A well-qualified
and very well-received (according to BHSU student
evaluations) instructor was hired as a one-year
replacement. However, the number of majors dropped
from 25 to 5 students in one year, only to return to 25
students within 2 years of the return of the tenure-track
faculty. The implication is that the tenure-track faculty is
relied upon too heavily to support the program, and is
able to keep major numbers high not only through good
instruction, but through understanding all of the
nuances of the program. These nuances include advising,
finding internship and research opportunities for
students, publicizing student success, and other details
of program management that a temporary or new hire
might not immediately understand or have the time to
do.

The demographics of the student body are a critical
consideration when making curricular decisions. For
example, SNC, BHSU and UAA have a strong
commitment to field experiences, yet differ in their
curricular field requirements. Students at SNC are more
financially able to attend summer field camp, and this
requirement may not affect these students with the same
financial hardship as it does for students that must work
during the summers to attend school. Although a
summer field camp would be a tremendous benefit to
BHSU students, the severe financial burdens that many
families face in the agricultural areas of the western U.S.
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require students to engage in summer employment or
work on the family farm or ranch. This is a
non-negotiable requirement for some, and many
talented students simply will not continue with the
major if summer coursework is required. Thus, field
camp is not required. The academic-year curriculum has
been modified so that all upper-division courses have
field components that take advantage of BHSU's
proximity to field sites. The student body at UAA
consists of a significant portion of nontraditional
students who may not be able to take six weeks in the
summer to attend a geology field camp, especially out of
state. Therefore, they have implemented a two-course
sequence (3 credits each) of geologic field methods and
Alaska field investigations. Both courses include many
traditional field camp elements.

Can existing geoscience departments that must
prepare arguments for their own preservation or growth
learn from our experiences in starting a new program?
Existing departments must essentially compete with
other academic areas for limited university resources.
Programs with strong student numbers and record of
placing alumni in careers and academic opportunities
are certainly easier to argue for than those that struggle
to attract students, and the strategies we used to build
our programs are applicable to existing programs
attempting to recruit good students. The same level of
faculty commitment needed to attract, advise, and foster
the development of students in a geoscience program is
required to convince administrators that a department
can successfully compete and take advantage of future
research and teaching opportunities that will strengthen
the university.

Although these three new programs were started
with meager start-up funding, they had to successfully
compete with other departments for the best students;
students that would become the foundation of the
program. We argue that the same rationale used to
attract students to the programs is similar to that needed
to convince administrators to support existing
geoscience departments. First, students are attracted to
majors that are not only academically interesting and
challenging, but that also have strong career prospects.
Similarly, university administrators are also attracted to
programs that have strong future opportunities for
graduates, and for research money for the university.
Although two of the new programs (BHSU and UAA)
are in areas with clear links to strong geoscience
industries (mining), existing programs in urban areas
can also point to future opportunities. NASA and NSF
are supporting several initiatives in urban areas, such as
remote sensing and geospatial analysis in urban areas,
geohazard mitigation in large cities, and numerous
environmental/hydrology initiatives. These new
initiatives, combined with geoscience's long-term
relationship with the energy industry and with new
research links between geoscience and other
science/health/engineering areas, provide
opportunities for research funding and student careers
that should enable departments to make strong
arguments for their preservation. Although it requires
space and infrastructure to capitalize on these future
research and teaching opportunities, this typically does
not require more than other academic areas, and
typically much less than some science and engineering
fields.

CONCLUSIONS

The success of three new geoscience programs, which are
based on traditional curricular elements, demonstrates
that it is more important to put faculty committed to
undergraduate education in critical courses and advising
roles than to chase ever-moving curricular trends. The
SNC Geology major, the BHSU Environmental Physical
Science major, and the UAA Geological Sciences major
have different program names and requirements, yet all
have produced students who have entered and
succeeded in competitive graduate geology programs
and careers. Our programs have faculty who are
committed first and foremost to program development,
have incorporated into the curriculum traditional
geoscience elements such as field work, and use research
as a mechanism for educating talented undergraduates.
Providing undergraduates with the educational
experience strived for by SNC, BHSU, and UAA does not
require a huge initial investment of capital, but does
require increasing support to provide the infrastructure
needed to ensure future success. It also requires talented
faculty who are willing to invest their time in program
development and administrators who are willing to
reward these faculty for their efforts.
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