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eoscience educators have found repeatedly that
field experiences enrich students’ understanding of
disciplinary concepts and that such experiences are
critical to their developing scientific understanding of the
Earth’s natural processes. When placed within the context
of a study-abroad course, students’ learning from these field
experiences is expanded to include cultural understanding
and may, potentially, have life-changing impacts. Using a
multi-layered approach, research and instructional proposals
were linked in order to to pursue funding from various
sources for a project involving field work in the United
Kingdom. This approach successfully combined funds from
undergraduate research, faculty research, programs for
improvement of teaching and learning, and our academic
department. Funding supported reconnaissance of potential
field sites, sample collection, and basic analyses. The resulting
field course was offered in 2010, 2012, and 2014 for a total
of 37 students.
The primary goal of this project was to develop an international,
faculty-led, geologic field course for undergraduate students
who have a range of background knowledge, and yet offer
a course that could include both undergraduate and faculty
research. Studies indicate that international programs are
most effective when the curriculum includes a culturalawareness component as well as content-specific knowledge
(Pence and Macgillivray 2008). Studies show that these
experiences result in a conceptual change toward a more
global perspective (Holt 2001), including a wider world

Along the northern coast near MacDuff, UK was one of four
locations included in the Buchan metamorphic series.
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perspective, increased cultural awareness, and, in the case of
the course described here, a greater historical perspective on
geology itself.
The British Isles, specifically Ireland and Scotland, provide
an ideal field area because of the rich geologic history and
numerous features of general geologic interest. The region
includes Siccar Point, a famous location studied in the late
1700s by James Hutton, who is considered to be the father
of modern geology, along with field locations for types of
metamorphic rocks known technically as the Barrovian and
Buchan series.
Every scientist knows the more you experience in the field
or laboratory, the better you are at visualizing and making
critical connections for problem solving. A considerable body
of literature suggests that field-based education provides
the experience needed to apply concepts learned in the
classroom to analysis of scientific problems in a real-world
setting (e.g., Orion et al. 1997, Libarkin and Brick 2002).
Field experiences allow students to see direct evidence of
a concept (Mogk and Goodwin 2012) that often has been
presented only in abstract form in the classroom. To some
extent such experience also allows students to increase
their understanding of geological content, evidenced by
significant gains in mastering concepts (Huntoon et al. 2001;
Elkins and Elkins 2007)
As part of the feasibility study in developing the research
projects and associated field course, we reviewed enrollments
for elective field courses. Although not required within
the curriculum, nearly one-third of all geology majors at
Northwest Missouri take the Geology Field Trip course or
the Advanced Geology Field Trip course each fall. Given the
success of short-term, elective field activities, it was evident
that an opportunity existed for a more extensive experience
offering a global perspective and a historical view of geology
as a science.
Although not required, undergraduate research is encouraged
and highly valued within the geology program at Northwest
Missouri. Students become interested in undergraduate
research in a variety of ways, including through the display
of research posters in the halls, incorporation of research
results into laboratory exercises, and the encouragement
by faculty. Some students are recruited when faculty have
specific projects, while others seek out faculty members with

Council on Undergraduate Research

ON THE WEB
COUNCIL ON UNDERGRADUATE RESEARCH

a specialty within their area of interest. In either case, a
written proposal is the starting point, followed by funding,
fieldwork, laboratory work, writing, and presentation. In
the case of the project to develop a field course abroad,
two faculty members selected students using a competitive
process.
The design concept for the Field Geology of the British
Isles (FGBI) course was based on three primary goals.
The first goal was to provide field experiences that
complemented classroom experiences in geology (Mogk
and Goodwin 2012). Student-learning outcomes with this
goal would include rock, mineral, and fossil identification;
data collection for latitude, longitude, and other location
features; and recognition of both sedimentary and geologic
structures (Gonzales 2004). Another goal was to develop an
appreciation for the founding and development of geology
as a scholarly discipline. Students’ learning outcomes related
to this goal focused on conducting research, including
making associations between the physical locations and the
background material, leading to understanding of scientific
theories (such as uniformitarianism and plate tectonics). The
third goal was to help prepare students for employment and/
or graduate school through their developing intellectual links
between the scientific discoveries (Gonzales and Semken
2006) and multicultural awareness. Learning outcomes
associated with this goal represented a convergence of
discovery, description, and context.
Both undergraduate and faculty research proposals were
drafted to address this design concept, the project goals, and
the anticipated student-learning outcomes. The problem
statement of the first undergraduate research project was,
what locations in Scotland, Northern Ireland, and the
Republic of Ireland are suitable for an undergraduate field
course in geology from the perspective of access and impact?
The field work associated with this project was conducted,
student Brett Hamlin, abroad during reconnaissance in
2009. The goal of this undergraduate research project was
to identify and study field sites in order to decipher the
geology of an area and determine the tectonic implications,
shoreline processes, economic mineralization, and a geologic
timescale. Measurable goals of the project included logging
travel locations, sampling in the field, and determining
geologic processes in an area. The locations decided upon
were superimposed onto geologic maps and used in the
FGBI course. Forty-six of the more than 60 sites originally
evaluated were chosen for inclusion in the field course.
This information, collected by the undergraduate research
student and faculty members together, provided the basis
for the development of site-specific assessment tools, as well
as the evaluation of travel and lodging considerations in
remote locations. All of these considerations provided the

academic and logistic foundation for the 20-student field
course first offered in 2010.
The second undergraduate research proposal completed by
undergraduate researcher Casey Bulen was more specific,
with an emphasis on “Buchan Series” metamorphic rocks
that were collected during reconnaissance and visited during
the field course. This series of metamorphism represents a
suite of rocks exposed to low-to-moderate pressures over a
range of temperatures with the type of localities occurring
in the Northern UK. The metamorphic schists and gneisses
exhibit a mineral suite ranging from kyanite to andalusite
to sillimanite and represent an elevated geothermal gradient
during metamorphism. The purpose of this project was
to distinguish the main minerals that are found in rock
samples collected from the area around Banff, Scotland, in
order to help determine the processes that occurred to form
these rocks.
The proposals faculty members designed to obtain funds for
research and improvement of teaching and learning (ITL)
had some general goals and some more specific goals. The
criterion for the ITL funding included linking the project
to departmental goals and describing how the project was
student-centered, involved students, and would impact
students. The general goal of outlining where the geology
was linked to cultural or historical significance included St.
Andrews Castle in St. Andrews, Scotland, Giant’s Causeway
along the Antrim coast of Northern Ireland, and Kylemore
Abbey in the Connemara region of Ireland. Other locations
such as Siccar Point, near Edinburgh, included a historical
overview of the work of James Hutton. Funding requirements
mandated a specific assessment strategy to determine the
effectiveness of the project, with a final report sent to the
provost’s office. A brief description of each funding proposal
is provided in Table 1.
Within the concept of an international field course, funding
had to be secured to cover travel expenses associated
with the undergraduate research, faculty research, and
course development. As noted above, to maximize our
time and resources, we linked research and instructional
proposals to pursue funding from various internal sources.
Additional funds were pursued through the Kaufmann
Foundation, a private funding source in the Kansas City
area, to support course development. Grant proposals linked
anticipated student-learning outcomes to three segments
of the departmental planning process: (1) competence
in a discipline; (2) multicultural competence; and (3)
cultural awareness. This multi-tiered approach allowed us
to successfully combine funds from programs supporting
faculty research, improvement of teaching and learning,
and undergraduate research. Two undergraduate research
projects were funded initially during the research-and-
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Table 1. Research and Academic Funding Proposals and Awards to Support the Field Geology of the British Isles Course
Source
Title

ITL
Development of the Field
Geology of the British Isles
course

Purpose

Provide field experiences
to complement classroom
instruction. Develop an
appreciation for the founding of
geology as a scholarly discipline.
Develop a broad understanding
of the development of Gaelic
cultures and peoples through
experience at museums and
heritage sites.
Over 200 students will be
impacted by this project.
Participants in the field course
experience the greatest individual
benefit. Students in introductory
courses of geology and Earth
science and majors, who take
courses taught by the project
authors, benefit directly from
this endeavor. The authors
incorporate first-hand knowledge
and experiences, and field
photographs, into lectures and
laboratory exercises.
$6730

Outcomes

Budget

Justification Airfare, ground transportation,
and lodging for 2 faculty
members
Award
$5000

Applied Research
Field research and geology of the
Buchan and Barrovian metamorphic
sequences in Scotland

Undergraduate Research
1. Field Geology of the British Isles –
D. B. Hamlin 2. Mineralogical analyses
of the Buchan Metamorphic Series
near Banff, Scotland – C. L. Bulen
The research component of this
1. This project included visiting
project focused on specific locations sites of geological and cultural
in Scotland that define two series
or historical significance within
of metamorphic rocks based on
Scotland, Northern Ireland, and
temperature and pressure changes as Ireland.
reflected in the mineralogy.
2. Distinguish the main minerals that
are found in Buchan Metamorphic
Series rock samples collected from
the area surrounding Banff, Scotland.
Locate and characterize outcrops of
metamorphic rock within Barrow’s
and Buchan’s study areas – west and
north of Aberdeen, Scotland. Obtain
samples and determine mineralogy
using thin sections. Identify at
least two isograds in each field
area. Develop classroom materials
including a lab exercise for petrology.
Develop materials for the Field
Geology of the British Isles course.

1. Provide an undergraduate
perspective in the development of a
field course and create geologic maps
using ArcGIS software.

$2800

$1200

Parking fees, ferry tickets, maps and
data, ground transportation, thinsections
$2800

$969
Lodging and travel, thin section
slides, conference registration and
poster presentations
$1200

2. Determine the levels of
metamorphism that occurred to form
rocks of the Buchan Series.

$969
development stage, and a third was funded in 2012 for
continued improvement of the course. Similar efforts have
been successful at Hope College, where field work was
funded through internal faculty development grants, as well
as student research grants from the Geological Society of
America (Hansen).

Methodology
Methodology for the course’s development was anchored
in the research projects, starting with a geologic literature
review, then reconnaissance and mapping, followed by
laboratory research, and finally synthesis and writing. The
reconnaissance trip was scheduled for May 2009 to include
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two faculty members and one undergraduate researcher.
Selection of the undergraduate, Brett Hamlin, was done
through a competitive process. During the fall of 2008, an
emailed call was put out to geology majors with a short
description of the research to be done. Applicants submitted
essays detailing their background and why they were
interested in the research. The student chosen was selected
based on skills and the potential impact on the student’s
learning.
With the funding available to proceed, it was critical that
the two faculty members involved be efficient and effective
in the reconnaissance efforts to learn the local geology,
identify suitable field localities, and take field observations
to allow the course to remain true to the spirit and letter
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of the research goals outlined in each of our proposals.
That efficiency and effectiveness depended on preparation
for the field reconnaissance, including well-defined goals,
a detailed literature review, and a flexible plan of attack.
Scotland and Ireland have a complex geologic history, so
our methodology was to divide and conquer, sharing our
developing knowledge with each other while in the field.
Regional geologic texts and maps provided the basis for the
geologic review (see page 8).
Some locations, such as Giant’s Causeway in Northern
Ireland and the Rock of Cashel in Cashel, Ireland, were well
known from a tourism standpoint, which made procuring
access and location information relatively straightforward.
Others, such as Siccar Point, near Edinburgh, were well
known to the geologic community but not heavily traveled
by tourists so that they required more research to identify
access to the location. The potential field locations were
reviewed on Google Earth and placed into a sequence
starting and ending in Dublin.
Each member of the field team kept a field notebook
detailing information about each location visited during
the reconnaissance. Field notes included the date, latitude,
longitude, weather, access to the location, and safety issues
regarding the logistics of travel (Figure 1). The field team

identified the rock types present using the available geologic
maps and confirmed them with simple field tests, examined
the sedimentary and tectonic structures present, collected
samples when appropriate, and documented each location
photographically while discussing the context of the field
location within the geologic history for the area. The
field reconnaissance included 45 geologic and 10 cultural
locations visited over a 17-day period. All of this information
was used in the decision making processes as the field course
was built.
Mapping was completed using ArcGIS software. After
returning from the field Hamlin, the undergraduate
researcher, produced several maps using geographic
information software to overlay the geology data collected
(Figure 2). Field exercises used in the course incorporated
these maps and numerous suggestions that were the direct
result of this undergraduate research project.

Results
Each of the undergraduate research projects had a direct
impact on the development of the course and course
materials. The primary focus of this work was to outline a basic
approach to field education that would maximize learning
gains based on field exercises. Hamlin, provided navigation
to field locations during the reconnaissance trip. He also

Rock of Cashel in Cashel, Ireland, shows a large rock box fold and provides a cultural stop as well.
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contributed with site-specific notes for navigation to those
locations that were difficult to access and noted potential
hazards or limitations necessary for safety in the field.
Hamlin’s research was presented at the Geological Society
of America regional meeting in Branson, Missouri, in 2010.

Figure 1. Example of Field Notes from Locations at Dunbar
and Siccar Point in Scotland

Casey Bulen conducted a more traditional petrologic/
petrographic analysis project that focused on the rocks of
the Buchan Metamorphic Series. Samples were collected by
Hamlin and the authors, but analyses were completed as part
of a separate undergraduate research project. Rock samples
were cut and sent to have thin sections made. From those
thin sections, Bulen evaluated the mineralogy and texture
exhibited in each sample (Figure 3). With the mineralogy
information, metamorphic phase diagrams were used to
recognize mineral reactions and estimate the conditions for
metamorphism. This project outlined the variation in grade
across the region bounded by the Great Glen and Highland
Boundary Faults in the Scottish Highlands. The project
linked metamorphic rocks to parent rocks, and clarified (in
some cases redefined) the field observations made by the
field reconnaissance team. The results of this project became
the basis of a new laboratory exercise for the petrology
course required of all students pursuing a major in geology
at Northwest. (Appendix A).
During a review of field notes, we recognized that the
geologic diversity, both spatially and temporally, provided
the opportunity to cover a wide range of geologic topics
without compromising travel time during the FGBI course.
Given that diversity, one of our distinct objectives in

Figure 2. Undergraduate Research Results Charting the Field
Studies Throughout Scotland
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Figure 3. Undergraduate Research Results Focused on the
Buchan Series of Metamorphic Rocks Near Macduff, Scotland
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curriculum development was to determine the relationship
of individual sites to one another and to develop a logical
progression through those sites. This progression eventually
led to the tentative itinerary. Once the tentative itinerary
was set for the geologic stops, we also considered what
cultural stops could be achieved within that framework.
With the travel logistics outlined, the focus shifted to writing
the course materials. These materials were written using
information from the initial literature review, field notes,
and follow-up literature review after the reconnaissance
trip. The course materials were arranged with the following
structure:
Q

Introduction: Course syllabus, field safety, and
faculty profiles

Q

Chapter 1: Geology of Scotland

Q

Chapter 2: Geology of Northern Ireland

Q

Chapter 3: Geology of the Republic of Ireland

Q

Chapter 4: Geologic History of the British Isles

Q

Chapter 5: Bibliography

Q

Appendix: Geologic Maps of the British Isles

as a study aid. Correct answers for pre- and post-tests were
compared directly with the change in number of correct
answers for each participant noted and recorded.
Statistical analysis of data consisted of a pooled analysis of
means using a standard mean variance test for all students.
In addition, performance of subgroups was also assessed
using a standard analysis of means comparing the following
subgroups: (1) upperclassmen (juniors and seniors) versus
underclassmen (freshmen and sophomores); (2) those who
scored highest on the pre-test versus those who scored
lowest; and (3) high/low pretest analysis with the median
scores omitted. Different students were enrolled in each
offering of the course, but overall were split between 59
percent upperclassmen and 41 percent underclassmen. In
addition, we performed a linear regression that included the
following correlation analyses: (1) GPA versus pre-test score;
(2) GPA versus post-test score; and (3) GPA versus change
(between the pre-course test and the post-course test).

Typical of field guides, the course materials were placed
in sequential order by travel days and stops (Appendix
B). Most of the stops included course materials including
background information (both geologic and cultural), travel
directions from the previous location, hazards, a section for
notes and sketches, and a set of assessment questions and
field exercises. The field guide was provided for students in
a three-ring binder so that the pages associated with daily
assessment and field exercises could be removed each night
and submitted for grading. In addition to the field guide,
students were provided with a field notebook to serve as
a journal (Stanesco 1991) for recording observations and
processing information. These field notebooks were also
submitted for grading during the course.
To evaluate the effectiveness of the course, students were
given both a pre-course test and a post-course test. The
pre-test was administered immediately prior to departure
for the study-abroad trip and consisted of 50 multiplechoice questions. They included questions designed to test
basic geologic knowledge and questions that focused on
knowledge specific to the local geology in the British Isles.
The post-course test instrument was administered as part
of the course’s final exam. Students were not aware prior
to the final that the post-test questions were identical to
those in the pre-test, nor did they have access to the pre-test

Undergraduate researcher sampling and note-taking at the
Ballentrae Ophiolite.
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Comparison of pre- and post-test values for the whole group
showed an increase in correct answers that was statistically
significant at the 95 percent confidence interval (Johnson
and Rohs 2010). Average test scores increased from 26.3/50
to 34.6/50 correct answers, an increase of 8.3 questions
or 31.6 percent. A similar comparison for upperclassmen
versus underclassmen showed more improvement among
underclassmen, which was statistically significant at the 80
percent confidence interval. Analysis of means based on
pre-test scores did not show significant variation. Similar
analyses based on gender and age also showed no significant
variation.
Student-performance correlations based on GPA showed
that performance on the pre-course test showed a similar
distribution with GPA average (r2 = 0.75). However, GPA
was not a predictor of performance on the post-course test
(r2 = 0.36) or with the amount of improvement from pre- to
post-test (r2 = 0.02). These data indicate that freshmen and
sophomores posted the greatest learning gains. In addition,
distinct improvements were observed in note-taking and
sketching by the end of the course. Students tended to spend
significant time each day discussing each stop, working
together to flesh out their understanding of the day’s field
sites, and completing exercises prior to evaluation and
assessment.

Summary
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Appendix B.
Field Geology of the British Isles 2012
Field Guide: Table of Contents
Introduction
Overview-------------------------------------------------Page 2
Field Safety----------------------------------------------Page 2-3
What to Bring-------------------------------------------Page 3-4
Course Syllabus----------------------------------------Page 5-6
Faculty Profiles-----------------------------------------Page 7-8
Chapter 1: Scotland
May 20, 2012---------------------------------------------Page 3-5
Stop 1: Edinburgh----------------------------Page 4
May 21, 2012----------------------------------------------Page 5-8
Stop 2: Dunbar Coast-----------------------Page 5-6
Stop 3: Dunbar Coast II---------------------Page 6-7
Stop 4: Siccar Point-------------------------Page 7-8
May 22, 2012---------------------------------------------Page 9-10
Stop 5: St. Andrews Castle----------------Page 9
Stop 6: Forvie Nature Reserve-----------Page 9-10
May 23, 2012---------------------------------------------Page 10-13
Stop 7: Huntly Gabbro---------------------Page 11
Stop 8: Melrose Farms---------------------Page 11-12
Stop 9: White Hills--------------------------Page 12
Stop 10: Portsoy-----------------------------Page 13
May 24, 2012----------------------------------------------Page 14-16
Stop 11: Bone Caves-------------------------Page 14
Stop 12: Lewisian Gneiss-------------------Page 15
Stop 13: Measach Falls----------------------Page 15-16
May 25, 2012---------------------------------------------Page 16-17
May 26, 2012---------------------------------------------Page 17-18
Stop 14: Loudoun Hill----------------------Page 17
Stop 15: Ballantrae Igneous Complex-----Page 17-18
References------------------------------------------------Page 18-19
Chapter 2: Northern Ireland
May 26, 2012----------------------------------------------Page 3
May 27, 2012----------------------------------------------Page 3-6
Stop 16: Murlough Bay------------------------Page 3-4
Stop 17: Kinbane Castle------------------------------Page 4-5
Stop 18: Giant’s Causeway--------------------------Page 5-7
References-------------------------------------------------------Page 7

Page 8
Page 9

May 30, 2012---------------------------------------------------- Page 8-14
Stop 24: Killary Harbour-----------------------------Stop 25: Borrow Pit------------------------------------

Stop 26: Kylemore Abbey--------------------- Page 9-11
Stop 27: Castleview--------------------------Page 11-13
Stop 28: West of Ballyconneely-----------Page 13
May 31, 2012------------------------------------------------Page 14-22
Geology of the Clare Basin------------------------Page 15-17
Stop 29: The Cliffs of Moher---------------Page 17
Stop 30: The Bridges of Ross---------------Page 18-19
Stop 31: Loop Head Lighthouse------------Page 19
Stop 32: Kilbaha Bay-------------------------Page 19-20
Stop 33: Rinevilla Bay------------------------Page 20-22
June 1, 2012----------------------------------------------------Page 22-23
Stop 34: The Rock of Cashel-------------------------Page 22-23
Stop 35: Powerscourt Gardens---------------------Page 23
June 2, 2012----------------------------------------------------Page 23-29
Stop 36: Lough Tay------------------------------------Page 24-25
Stop 37: Roadside Stop-------------------------------Page 25
Stop 38: Glendalough Bus Park---------------------Page 26
Stop 39: Glendalough Mine Ruins------------------Page 26-27
Stop 40: Glendalough Hike---------------------------Page 27
Stop 41: Walk to the Village-------------------------Page 28
Stop 42: The Monastic Village----------------------Page 28-29
Stop 43: Wicklow Gap--------------------------------Page 29
June 3, 2012---------------------------------------------------Page 30-34
Stop 44: Loughshinny Bay--------------------Page 30-32
Stop 45: The Guinness Brewery-------------Page 33-34
June 4, 2012----------------------------------------------------- Page 35
June 5, 2012----------------------------------------------------- Page 35
Chapter 4: Geologic History of the British Isles
Introduction---------------------------------------------------Page 2
The Precambrian----------------------------------------------Page 2-9
The Paleozoic--------------------------------------------------Page 10-42
The Mesozoic--------------------------------------------------Page 42-45
Cretaceous Chalks------------------------------Page 44-45
The Cenozoic--------------------------------------------------Page 45-51
Tertiary Volcanism------------------------------Page 45-47
Quaternary Glaciation-------------------------Page 47-51
Chapter 5: Bibliography

Chapter 3: Republic of Ireland
May 28, 2012----------------------------------------------------Page 3-6
Stop 19: Streedagh Point-----------------------------Page 3-4
Stop 20: Knocknarea----------------------------------Page 5
Stop 21: Slishwood Gap------------------------------Page 6-7
May 29, 2012----------------------------------------------------Page 7-8
Stop 22: Ceide Fields----------------------------------Page 8
Stop 23: Croagh Patrick-------------------------------Page 8-9

16

Chapter 6: Introduction to the Brunton Compass
Anatomy of a Brunton---------------------------------------- Page 2-3
Magnetic Declination----------------------------------------- Page 4-5
Using Your Brunton-------------------------------------------- Page 6-9
Measuring Strike and Dip-----------------------Page 7-8
Reporting the Attitude of a Bed--------------Page 8-9
The Right Hand Rule----------------------------Page 9

Council on Undergraduate Research

