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Important Contact Information

Keck Geology Consortium Office
Macalester College
1600 Grand Avenue
Saint Paul, MN 55108

Website: keckgeology.org
Email: info@keckgeology.org

Dr. Kelly MacGregor, Director
Email: macgregor@macalester.edu
Office:  (651) 696-6441
Cell: (651) 332-9360

Dr. Karl Wirth, Assistant Director
Email: wirth@macalester.edu
Office:  (651) 696-6449
Cell: (651) 491-4332

Express a "Community Concern"
https://keckgeology.org/express-a-community-concern/
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Welcome and Program Overview

Congratulations on being selected to participate in the Keck Geology Consortium REU
(Research Experiences for Undergraduates).  We hope that you appreciate just how significant
this accomplishment is -- relatively few undergraduate students have the opportunity to conduct
summer field studies, use cutting-edge instrumentation and facilities, and participate in
professional activities.  As a Keck Geology Consortium participant, you join a close-knit and
supportive community of students and faculty researchers.  Through your research experiences
you will not only gain important new professional knowledge and skills, but you will benefit from
connections with past Keck researchers who can be found in diverse sectors, including
academia, governmental agencies, and industry.  Welcome!

The summer research projects hosted by the Keck Geology Consortium are made possible by
the efforts of a large number of people and institutions.  Initially formed in 1987, the Keck
Geology Consortium currently comprises geology departments from thirteen colleges and
universities (Amherst College, Beloit College, Carleton College, College of Wooster, Franklin
and Marshall College, Macalester College, Pomona College, Trinity University, Washington and
Lee University, Whitman College) with a goal of broadening participation and improving
education in the earth sciences.  Support for research programs is provided by the member
institutions, and by grants from the National Science Foundation (most recent NSF REU Award
#2050697), and the Maxwell/Hanrahan Foundation.  The Consortium is administered by Dr.
Kelly MacGregor (Program Director) and Dr. Karl Wirth (Assistant Director) at Macalester
College, and by Faculty Representatives from each of the member institutions.  So, as you likely
now realize, a large number of individuals and organizations are heavily invested in the growth
and learning that we expect from your research experience.

The Keck Geology Consortium REU Participant Handbook is designed to help prepare you for,
and support you during, your research experience.  It is, in effect, a reference that provides you
with the information you need to help you set expectations for your professional and personal
development, and to help you prepare for the summer research experience and activities during
the following academic year.  In particular, this handbook offers information that is common to all
of our programs and research projects.  Additional details about your specific project will come
from your Project Director.

As you embark on this exciting and transformative
journey, we remind you of the importance of being
flexible, open-minded, patient, and respectful.  By
its very nature, research inevitably involves some
elements of uncertainty and frustration.  This was
especially true during this challenging time of
COVID-19.  Know that all of us, from your Project
Director(s) to the Consortium Co-Directors are
working hard to make your entire experience both
personally rewarding and professionally enriching.
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Learning Goals

We begin with a brief description of the learning goals for the Keck Geology Consortium REU.
These describe, after all, the rationale for the Consortium and REU, they are the basis for
securing support of the REU site, and they provide the motivation that inspires so many people
to invest in your future through the offering of research experiences.

Broadly, the mission of the Keck Geology Consortium is to attract, retain, and develop
undergraduate students with diverse backgrounds in the earth sciences by providing exceptional
field and laboratory experiences.  Specifically, the Keck Geology Consortium offers
undergraduate research experiences that include collaborative, closely-mentored summer field
projects that involve students in all aspects of the research process:

● improve your understanding of the earth through solving complex, real-world problems
using multi-disciplinary approaches

● develop skills needed by professionals in the earth sciences, including field and
laboratory techniques, data collection and interpretation, working with information
resources and computers, collaboration, managing ambiguity, and written and oral
communication through collaborative and mentored research experiences

● develop your confidence and identity as a scientist through greater understanding of the
intellectual and practical work of science

● refine your career plans and to prepare you for graduate study

We fully appreciate that not all of you will choose to become geologists in the traditional sense.
However, we anticipate that a deeper understanding of the earth, the nature of science, the
research process, and a wide range of professional knowledge and skills will serve you well,
regardless of the educational and professional paths you choose.  Clearly, the solutions to many
of the world's challenges depend on an engaged citizenry with a greater understanding of
science and the earth.  Furthermore, if because of this experience you realize that you do not
enjoy fieldwork, or that you are more interested in exploring different kinds of problems, we
consider it a success that you learned something important about yourself.  Of course, most of
those involved with Keck enjoy nature and are fascinated by questions about the Earth, and we
hope that you will share at least some of these
interests as a result of your research experience.

No doubt, you also have some goals for your
summer research experience.  Hopefully, after
reading this document you will have a better idea
of how your own goals fit with our goals for your
learning and experiences.  As described below,
setting goals is an important habit utilized by
professionals for learning and research.  Your
Project Director will likely work with you on a
regular basis to articulate goals that cover the
scope of your research activities.
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Keck Geology Consortium REU Program
The Gateway and Advanced Research Programs hosted by the Keck Geology Consortium REU
have similar components (field and laboratory research, analytical, and professional
development), but differ in the intensity and duration of those components.  Whereas the
collaborative research projects for rising sophomores (Gateway) are five weeks in duration,
Advanced projects for rising seniors are four weeks during the summer and the following
academic year (Figure 1).  Both research programs offer training in cutting-edge instrumentation
and techniques, and both programs provide a wide range of opportunities for professional
development (e.g., science communication, science identity, professional knowledge, and career
opportunities), albeit at different levels.

Research projects in both programs follow a similar schedule, which can be roughly divided into
three phases (Figure 2): (1) pre-project, (2) collaborative research, and (3) dissemination (and
independent research by Advanced students).  Although some activities in some projects blur
across one or more of these phases, the relative sequence is similar across all projects.
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Pre-Program

The pre-project period is an exciting one, filled with anticipation and sometimes even some
doubts.  Questions about what it will be like in the field, about the other members of the team,
and knowledge, skills and resources you will need are normal.  The goal of this phase is to
ensure the success of your project with careful planning and preparation, including scientific
knowledge and skills, research equipment, and personal items.  No worries, your Project
Director will take care of many of the specialized equipment and logistical details, and will
discuss other specific needs with you.  Our goal here is to provide a broader context to support
you during the planning and preparation phase.

You should expect to begin preparing for your summer project as early as March-April.  We
realize that this may be an inopportune time for you, during the busy spring semester.  However,
many of the preparations for research have long lead-times, so it is important to get started as
soon as possible.  It is essential that you communicate regularly and promptly with your Project
Director during this important phase of research.

Soon after you accepted our offer to participate in a Keck Geology Consortium REU project, you
were asked to complete several forms, including the Keck Participation Form,  a Learning,
Responsibilities, and Expectations form, and a Participant Contact, Payment, and Health
information form.  It is extremely important that you provide this information to the Keck office
well in advance of the start of your project.  Indeed, because of health, safety, and other
concerns, you cannot begin your project without completing these forms.  Copies of important
policies and information that were described are included in Appendices I-III of this handbook.
Also required (mandated by the National Science Foundation) before the start of your project is
training in the Responsible Conduct of Research (Appendix IV).  This will be accomplished
using online training modules (links sent to you by the Keck office) and through additional
conversations at relevant times during later phases of the project.   You likely will want to review
the policies and information included in these Appendices on a regular basis throughout your
research.

Early on, you will also need to engage in regular communication with your Project Director, and
perhaps some of the other student participants in your project.  Depending on the project and
situation, this might involve brief group Zoom meetings, or it might consist of one-on-one emails
or phone calls.  Typically, soon after you accept the offer of an internship, you will receive a
"welcome message" from your Project Director(s) that provides greater details about your
project.  When your Project Director requests information, or assigns a task, it is essential that
you respond in a timely manner.  The success of the entire research project likely depends on it!

A common activity during the preparation phase is to start reading scientific literature that
describes previous studies in the region that is the focus of your project, or studies of similar
questions in other regions.  It is very important that you begin this process early so that you
have time to reflect on the significance of what has already been done, but also to consider the
implications for planning your own project.  Some projects employ a short reading and reflection
activity to facilitate this process.

An important activity during this phase relates to assembling the necessary clothing, equipment,
and personal items to support your research.  Depending on the project, once you depart for the
field there likely will be few opportunities to get essential items or materials.  To help you begin
the planning process, we have included a list of items for you to consider (Appendix V).
Importantly, this is not a list of required items, but is designed to help you ask questions about
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what things you might need during the summer project.  Your Project Director will likely share a
list of required or suggested items with you, but the list included here is to help get you started
thinking and asking questions.

Finally, before you begin your summer project, you will also complete two online surveys.
Because the REU receives significant support from the National Science Foundation, we are
required to gather information about the participants supported by federal funds, their
experiences during the program, and their gains in personal and professional development.
When you accepted the offer to participate in the REU, you agreed to complete the surveys in a
timely manner.

Collaborative Research

Collaborative Research is conducted over a 4-5
week period during the summer.  During this
phase, all members of the research team work
collaboratively in the same location.  For many
students, this is an entirely new, and sometimes
daunting, experience.  It involves not only
learning to live and work together, but also
includes travel to new places, encountering
different cultures, and learning new skills.
However, it will likely be one of the more
rewarding and transformative experiences of your
college career.  Even ten or twenty years later,
most Keck alums get a twinkle in their eye and
speak very fondly of their undergraduate summer
field research experience.

This phase of the project typically begins with hands-on training and preparation for the field
study.  Members of the team work together to deepen their understanding of the research
problem, they define the research questions they will explore as individuals or in small groups,
they practice methods and skills needed for the field and laboratory, and they develop teamwork
skills.  In some cases these activities are conducted at the host institution, and in other cases in
the field, or both.

Next in the process is the actual field study, which includes observation, measurement, and
sample collection. Typically, participants initially work as a group to further refine the research
questions that will be explored by each of the team members.  Depending on logistics, students
then work in small groups to explore their research questions by making observations, collecting
data, and testing hypotheses.  Early results sometimes lead to further reconsideration of the
research question/hypothesis in an iterative process of revision and refinement.

For many, fieldwork is where the “real learning” takes place.  Working in new regions and
unfamiliar environments is exciting.  Applying your knowledge and skills to a real-world problem
is rewarding.  Making new observations, finding new connections, and furthering our
understanding of natural phenomena is invigorating.  In effect, you are a “detective” whose
mission is to find clues and solve a mystery, and watching the pieces of the puzzle fall into place
can be very exhilarating.  But, all of those positive effects do not come without significant effort,

8



Keck Geology REU Researcher Handbook

both physical and mental, by each team member.  Logistical and fiscal constraints often require
long and strenuous days in the field.  In addition to taking care of personal needs, evenings are
required for processing samples, downloading data, maintaining equipment, reflecting on the
implications of new results, and planning for the next day.  The physical and mental demands
can be exhausting.  The nature of field work often demands this kind of mind and body
investment in the research process.  The weather can be uncooperative, morale can ebb and
flow, tempers can get short, and mistakes can happen.  Try to remain patient, respectful, and
supportive of others on the team, and always be aware of your health and safety, and that of
others.

The Collaborative Research phase typically
ends with analyses of samples, data analysis
and interpretation, and the description of
results.  For some projects, these activities
happen in the field, but many projects return
to a campus for access to analytical facilities.
During this stage, participants on Gateway
Projects typically write a conference abstract
and prepare a poster to support the
presentation of their research at a
professional meeting.  Students on Advanced
Projects commonly prepare a "thesis proposal" that will serve as a guide for their independent
research during the academic year.  These proposals typically include a description of the work
to date, the goals of the project, specific goals for that student's contributions to the overall
project, and a timeline for work (e.g., sample preparation, chemical analyses, modeling, and
writing) to be completed under the supervision of a campus advisor and their Project Director.

Independent Research (Advanced Projects only)

Students participating in Advanced projects
continue their research after the summer
collaborative project.  During this phase of the
program, student researchers continue to work in
consultation with their Project Directors and the
other team members, but the emphasis shifts to
more independent research mentored by an
advisor on their home campus.  Typical activities
during the academic year include chemical
analyses of samples or other data, numerical
modeling, interpretation of results, and integration
with the existing literature.  Advanced researchers
also prepare a Short Contribution for publication
in the online Proceedings of the Keck Geology
Consortium, and many students also prepare a
senior capstone or thesis to fulfill the requirements for graduation on their campus.

Because researchers are widely dispersed (on their home campuses), this phase of the project
requires greater planning, self-motivation, perseverance, and communication on the part of each
of the team members.  Everyone is busy, taking other classes or teaching on their home
campuses, but it is essential that everyone communicate regularly and adhere to deadlines for
the individual projects, and the project as a whole, to be successful.  The students who emerge
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most successfully from this phase develop a project plan and timeline, they schedule blocks of
time each week to work on their project, they meet regularly with their campus advisor, and they
communicate often with their Project Director.  In effect, they learn to become managers of their
own research team!

Dissemination

This phase of the project is focused on
disseminating the results of your research to
various communities, be it to your campus
community, the profession, or those of your
family, friends, or local community.  A culminating
event during this phase of the project is the
presentation of your research results at a
professional conference.  Presentations are
typically in poster format, but oral presentations
are also used by some Advanced students.
Typically, students in Gateway projects present in
small groups, whereas those in the Advanced
projects might present in groups or individually.
In all cases, the entire research team travels to
the same conference, they present in the same
session(s), they typically meet to discuss
professional activities at a conference, and they
take part in some group celebratory activities.
Prior to your travel to a conference you will
receive a copy of the Conference FAQ (Appendix
VI) and some questions to help you learn from
your conference experiences.  Participants are
expected to submit a conference reflection upon
return from the conference.

All participants also complete a round of surveys
at the end of their Keck research experience.
These surveys provide a final "bookend" on your
learning and experiences.

Travel Arrangements

Participation in a Keck research project
necessarily involves travel, which usually is
exciting, but at times can be disquieting.  In
general, all of your relevant transportation costs
will be covered by the project; consult with your
Project Director about specifics.  Furthermore,
travel during the project will be arranged by your
Project Director.  So, for most participants, the
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main concern is getting to and from the project site, and depending on the specific project this
might be the project host-campus or the field site.  Again, your Project Director will likely make
these arrangements for you after consultation with you.  In some circumstances, however, your
situation might require unique travel arrangements different from the rest of the group.  In these
cases, it is essential that you receive approval from your Project Director before securing any
travel arrangements on your own.

Suggested Packing List

Each participant wants and requires certain items
during their research experience.  As such, it is
nearly impossible to provide a detailed list of
items that will serve each student on every
project.  Instead, our goal here is to offer a
framework for thinking about the items you might
need, and to facilitate dialogue between
participants and Project Directors.

Importantly, we do not intend that the suggested
items be interpreted as a required shopping list.
Some items can be borrowed from friends or
family, from the department at your home
institution, or from the host institution of the
project.  In circumstances where the purchase of required items would cause financial hardship,
consult with your Project Director first about possible alternatives or assistance.

First, and foremost, you will be traveling by a variety of means and living and working in several
different sites, so it is important that you plan carefully.  There may be limited opportunities to get
items that you forget, but field logistics also dictate that you travel relatively lightly.  There's a
good chance additional check-in bags cost money, that the van you are traveling in will be full of
food, camping gear, and research equipment, that your tent or field cabin will be small and
occupied by other participants.

Luggage

While packing, keep in mind that you will be traveling nearly constantly during your project,
using a variety of modes of transportation and to a number of different destinations.  At times,
this may include moving your luggage significant distances over rough surfaces.  In other words,
traditional suitcases with little round wheels are typically not ideal (they are designed from
smooth floors in airports), and a soft duffle bag or pack might be a better choice.  Also consider
that you won't need everything with you all the time.  For example, when you go to the field, you
likely won't need to bring more formal clothing, or specialized laboratory clothing, and all of your
toiletries and personal items with you.  Plan to leave those behind in a small duffle or stuff sack.
A luggage lock is recommended for times when valuable items in your luggage will not be under
your direct supervision.

11



Keck Geology REU Researcher Handbook

Clothing

Clothing choices are more complicated than you might
expect, especially given the multitude of different kinds
of activities and cultures you will encounter.  Try to think
in terms of broad activities.  You will likely need
something casual for airline travel, and for meetings
with other professionals or community partners.  Think
in terms of items that travel well and are easily washed
and dried.

Clothing for work in the field requires different
considerations.  What climatic (e.g., hot, dry, rainy, cold
nights) and environmental (e.g., mountainous, desert,
coastal, marshy) conditions have implications for how
you dress? Choose items that will be functional,
comfortable, flexible, and durable given those
conditions. If sturdy or specialized footwear are
required, it is advised that you begin wearing them and
break them in well before the beginning of the project.
Modern laundry facilities likely will not be regularly
available during the field portion of the project, so consideration of ease of hand washing and
drying can also be an important consideration.  While sandals may be more convenient and
comfortable at the campsite or in town, these leave you more prone to foot injuries in unfamiliar
environments.

Similarly, work in cutting edge laboratories can also have special implications for clothing.  Even
though situated in a warm region, many laboratories tend to be heavily air-conditioned.  Perhaps
you will be working around heavy equipment requiring heavy boots, or in a clean laboratory that
requires being fully covered.  And because you are likely to be working with, or near, other
professionals, it is important that you dress professionally and respectfully.  Again, your Project
Director can help you with details relevant to your specific project.

Also be aware that other cultural considerations might dictate other wardrobe choices.If your
project will take you to an international destination, or even some regions within the continental
United States, it is also important to consider the
implications of cultural norms and behaviors on
your attire and appearance.

Housing Arrangements

During your summer research internship, you will
likely experience several different housing
arrangements.  Almost all projects have both
on-campus and in-the-field components,
however the relative timing of these varies by
project.  Your Project Director will provide you
with additional details about the schedule and
logistics of the different housing arrangements
during your project.
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While on campus, you can expect living arrangements similar to those that you are used to on
your home campus.  In many cases, summer researchers are housed in campus dormitories or
nearby apartments.  Meals may be available through a campus cafeteria, or group-style in
dormitory kitchens.  The costs of housing and meals are typically included in the award of your
internship.

Housing arrangements in the field vary by project,
ranging from primitive campsites to remote field
stations with participants living in tents or cabins.
In most cases, living conditions will be simple, but
sufficient.  Electricity may be available, or in
limited supply, with priorities always given to
scientific equipment.  There will usually be ample
water for drinking, but restrictions on the
frequency of bathing might be in effect.  The
responsibility of meal planning, preparation, and
cleanup is often shared by all members of the
research team.

Communication

Communication with family and friends from the field site can sometimes be challenging.  Your
Project Director will offer additional details about what to expect for your specific field site.  In
general, assume that, at best, that high-bandwidth communications will not be available and that
even messaging and phone calls will be difficult.  This is part of the attraction and frustration of
working in the field.  Remote field sites offer opportunities to focus our attention on new things
and to grow in new ways.  However, some things that we have come to take for granted in
technology-based, urban societies are more challenging.

After consultation with your Project Director about the
availability of cell reception and internet access during the
field portion of your project, it is a good idea to notify
family and friends of your anticipated ability for regular
communication.  Also keep in mind that for some remote
field sites, there may not even be abundant electricity
available for charging electronic devices.  Patience with
communication (or the challenges thereof) is necessary at
both ends!

Cultural Norms and Expectations

Regardless of the physical location of the field site visited
by your project, as a Keck researcher you will experience
many new cultures.  Those cultures influence our thinking
patterns, expectations, values, beliefs, behavioral norms,
and goals.  No doubt, the campus culture of the host
college of your project will be different from that of your
home campus.  Further, academic departments within a
given institution can also have distinct cultures.
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Interactions with local inhabitants surrounding the field site will likely offer additional
opportunities to experience different ideas and cultures.  Remember, even though you may not
always understand or like what you see or hear while traveling through different regions, you are
a guest and the success of the research project likely depends on the good will of the
community to traverse their lands and collect samples.  Finally, when you attend a professional
conference, full of earth scientists, you will experience yet another culture.  Although these
different cultures may at times feel foreign or confusing to you, try to remember that they also
offer powerful opportunities for learning and personal growth.  Importantly, always be respectful.

Scientists are also shaped by the cultures and the societies in which they live.  This in turn
influences the kinds of questions that they choose to investigate and the methods that they use.
As such, having more diverse scientists working on
a problem is considered more likely to lead to a
better solution.  As an example, we are becoming
increasingly aware of the importance of being able
to talk in different ways to different societies and
cultures about the impacts of global change.  This
requires an understanding of the expectations,
values, beliefs, and goals of each audience.  So,
although your experiences as a Keck researcher
may at times feel uncomfortable, you are likely
gaining important new knowledge and skills that
will serve you well throughout your professional
and personal life.

As a member of a Keck research team, you also have unique expectations and responsibilities.
You are now part of a long tradition of undergraduate research offered by the Keck Geology
Consortium.  The nearly four decades of researchers who came before you have set a very high
standard for the experiences, productivity, quality of research results, professionalism, and
career opportunities offered by the Consortium programs.  Indeed, Keck researchers have
earned a high level of respect in professional and local communities that makes possible
research opportunities that are not available to many other researchers and students.  If in
doubt, do not do anything that might jeopardize the reputation of the program.  Your Project
Director's ability to get sampling permits or gain access to the field site likely depends, at least in
part, on the perceived professionalism of the group.  So, if it seems unreasonable or confusing
when your Project Director suggests a modification of the behavior or dress of you or your
group, it is important to try to understand why.

A Few Words About Health and Safety

While doing field research offers many new
educational opportunities, it can also present
challenges and risks that may be new to you.
Research sites may contain unfamiliar
environmental conditions, terrain, plants, or
animals.  Research activities that feature
observation protocols or new equipment often
require considerable focus, and can result in a
decreased awareness of your environment and
surrounding situations.  Remember, safety first,
then research.
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Frustratingly, many of the injuries that occur during field research happen during freetime-
activities, outside of the daily research work, when we tend to be less vigilant.  These injuries
not only compromise your ability to perform the required research tasks, but can also require the
attention and resources of others in your team.  As such, it is essential that you remain extra
careful at all times, and especially while in the field.  Because alcohol and drugs impair one's
cognitive and physical abilities, their use is typically prohibited during Keck Geology Consortium
projects (see Appendix III for detailed policies).

The same level of care also applies to your health, and the health of others in your group.  While
working in remote field sites, you will not have the same support systems or forms of assistance
that you are accustomed to at home or on your campus.  Even a modest scratch can become
infected.  As such, it is important that you tend to the physical, mental, and emotional health of
yourself and others.  In particular, if you sense that someone in your group might be
experiencing some difficulty, check with them to make sure that they are okay, or let the Project
Director know of your concern.   You are all in this together, so take care of each other!

When in question, do not do anything that might compromise the health or safety of yourself or
others.

Appendix I:
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Keck Participation Form 2026 - Gateway Projects

PARTICIPATION

I accept the Keck Geology Consortium offer of a student research position on the project and
realize that my signature below indicates a firm commitment to participate in summer research
and to complete program reflections and evaluations. I understand that this program involves
intensive work including mandatory evening and weekend activities. I understand that simply by
virtue of my participation in the project, I am not an employee of the Keck Geology Consortium
or any of its participating institutions, and that I will not be an employee, but that I am receiving
an educational experience. I further understand that I will not receive wages, but I will receive
student housing, certain meals, and a fellowship in the aggregate amount of $3,000.00.

INSURANCE COVERAGE

I understand that insurance coverage is required for participation in Keck-sponsored programs
and that none of the colleges in the Keck Geology Consortium undertake to provide health,
accident, disability, hospitalization, personal property, or other insurance to student participants
in this project; I further understand that it is my responsibility to procure health/hospitalization
insurance for the duration of the summer research project and such other insurance as I require,
and that I am responsible for the costs of such insurance and for any expenses not covered by
this insurance.

PERSONAL CONDUCT

I understand and agree that I am required to behave in accordance with the codes of conduct of
my college, including its honor code, during my participation in the project. I further understand
that the Keck Geology Consortium, the host college, and the Project Director have the authority
to establish additional rules from time-to-time appropriate to the operation of this program, and I
agree to abide by all such rules. I agree that the Project Director has the sole and final authority
to dismiss me from the program in the event that I fail to honor these commitments or otherwise
engage in conduct that is in any way detrimental to the program, its participants, or myself. In
the event of such dismissal, I will forfeit my entire fellowship, return to my home immediately at
my own expense, reimburse the host college for any and all costs associated with sending me
home, and indemnify and hold harmless the host college, my college, and the Keck Geology
Consortium from any and all claims or losses arising out of my failure to honor any of the
obligations or commitments set forth in this paragraph. I further agree that the Project Director
may send me home at my expense at any time it is determined, in his/her sole and final
determination, that my continued participation in the program will adversely affect my health,
safety, or welfare or the health, safety, welfare, or enjoyment of other program participants.

GENERAL RELEASE

I understand that the Keck Geology Consortium reserves the right to make cancellations,
changes, or substitutions in the program in the event of emergency or changed conditions or in
the general interest of the program, and that neither the Keck Geology Consortium nor the host
college shall be liable for any claims or consequential damages relating to such cancellations,
changes, or substitutions in the program. I understand and am aware that my participation in the
program may expose me to certain risks and dangers, including but not limited to, the hazards of
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travel by various means of conveyance; the hazards of unsafe areas or conditions; exposure to
wild animals including bears; acts or omissions of the college, the program site and/or their
respective agents, employees, officers, directors, associates, affiliated companies,
subcontractors, or cooperating agencies or organizations; and accident or illness in places
without access to medical facilities, transportation, and/or means of rapid evacuation or
assistance. I understand that I may not be under the direct supervision of the Consortium, my
college, or the host college at all times while participating in the program. I am aware that my
participation in the program and my use of transportation, housing and dining services, and
other goods and services in connection with my participation in the program carry a risk of
serious personal injury, serious illness, death and property damage or loss. I expressly and
voluntarily assume all risk of injury, illness, death and property damage or loss that may result
from my participation in the program and/or my use of goods and services in connection
damage or loss. I expressly and voluntarily assume all risk of injury, illness, death and property
damage or loss that may result from my participation in the program and/or my use of goods and
services in connection with my participation in the program. I hereby grant permission and
authority to the Consortium, my college, the host college and/or their employees to act for me in
executing verbal instructions or, if I am a minor and my parents are not immediately reachable,
to act for parents in dealing with physicians, ambulance companies and hospitals, to obtain
prompt medical attention for me the event of any perceived medical emergency and release the
Consortium, my college, the host college and/or employees from any liability connected with
obtaining prompt medical attention. In consideration for being permitted to participate in the
program, I hereby release the Consortium, my college, the host college, their agents,
employees, officers, directors, associates, affiliated companies, subcontractors, or cooperating
agencies or organizations ("the Released Parties") from any and all liability for injury, illness,
death and property damage or loss arising out of the arrangement or provision of transportation,
housing or other goods and services, or arising out of any other activity incident to my
participation in the program. I agree not to sue or make a claim against the Released Parties for
injury, illness, death, damage or loss sustained as a result of my participation in the program or
use of the goods and services in connection with my participation in the program. I will indemnify
and hold harmless the Released Parties from all claims, judgements, and costs, including
attorneys' fees, incurred in connection with any action relating to my participation in the program.

SEVERABILITY CLAUSE

All provisions of the agreement shall be deemed severable. The unenforceability, illegality, or
invalidity of any provision or portion thereof shall not affect the enforceability, legality, or validity
of any other provisions, all of which will remain valid, binding, and enforceable in accordance
with their terms.

GOVERNING LAW

This agreement shall be governed by and construed in accordance with the laws of the State of
Minnesota, without reference to provisions regarding conflict of laws. Jurisdiction and Venue: It
is expressly agreed by the parties to this agreement that any action filed by either party as a
result of a dispute relating to this agreement may be filed and heard only in the courts within
Ramsey County.
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Appendix II:

Keck Participation Form 2026 - Advanced Projects

PARTICIPATION

I accept the Keck Geology Consortium offer of a student research position on the project and
realize that my signature below indicates a firm commitment to participate in summer research,
to participate in continued independent study at my home institution, to report my results in a
paper, and to complete program reflections and evaluations. I understand that this program
involves intensive work including mandatory evening and weekend activities. I understand that
simply by virtue of my participation in the project, I am not an employee of the Keck Geology
Consortium or any of its participating institutions, and that I will not be an employee, but that I
am receiving an educational experience. I further understand that I will not receive wages, but I
will receive student housing, certain meals, and a fellowship in the aggregate amount of
$2,400.00.

INSURANCE COVERAGE

I understand that insurance coverage is required for participation in Keck-sponsored programs
and that none of the colleges in the Keck Geology Consortium undertake to provide health,
accident, disability, hospitalization, personal property, or other insurance to student participants
in this project; I further understand that it is my responsibility to procure health/hospitalization
insurance for the duration of the summer research project and such other insurance as I require,
and that I am responsible for the costs of such insurance and for any expenses not covered by
this insurance.

PERSONAL CONDUCT

I understand and agree that I am required to behave in accordance with the codes of conduct of
my college, including its honor code, during my participation in the project. I further understand
that the Keck Geology Consortium, the host college, and the Project Director have the authority
to establish additional rules from time-to-time appropriate to the operation of this program, and I
agree to abide by all such rules. I agree that the Project Director has the sole and final authority
to dismiss me from the program in the event that I fail to honor these commitments or otherwise
engage in conduct that is in any way detrimental to the program, its participants, or myself. In
the event of such dismissal, I will forfeit my entire fellowship, return to my home immediately at
my own expense, reimburse the host college for any and all costs associated with sending me
home, and indemnify and hold harmless the host college, my college, and the Keck Geology
Consortium from any and all claims or losses arising out of my failure to honor any of the
obligations or commitments set forth in this paragraph. I further agree that the Project Director
may send me home at my expense at any time it is determined, in his/her sole and final
determination, that my continued participation in the program will adversely affect my health,
safety, or welfare or the health, safety, welfare, or enjoyment of other program participants.
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GENERAL RELEASE

I understand that the Keck Geology Consortium reserves the right to make cancellations,
changes, or substitutions in the program in the event of emergency or changed conditions or in
the general interest of the program, and that neither the Keck Geology Consortium nor the host
college shall be liable for any claims or consequential damages relating to such cancellations,
changes, or substitutions in the program. I understand and am aware that my participation in the
program may expose me to certain risks and dangers, including but not limited to, the hazards of
travel by various means of conveyance; the hazards of unsafe areas or conditions; exposure to
wild animals including bears; acts or omissions of the college, the program site and/or their
respective agents, employees, officers, directors, associates, affiliated companies,
subcontractors, or cooperating agencies or organizations; and accident or illness in places
without access to medical facilities, transportation, and/or means of rapid evacuation or
assistance. I understand that I may not be under the direct supervision of the Consortium, my
college, or the host college at all times while participating in the program. I am aware that my
participation in the program and my use of transportation, housing and dining services, and
other goods and services in connection with my participation in the program carry a risk of
serious personal injury, serious illness, death and property damage or loss. I expressly and
voluntarily assume all risk of injury, illness, death and property damage or loss that may result
from my participation in the program and/or my use of goods and services in connection
damage or loss. I expressly and voluntarily assume all risk of injury, illness, death and property
damage or loss that may result from my participation in the program and/or my use of goods and
services in connection with my participation in the program. I hereby grant permission and
authority to the Consortium, my college, the host college and/or their employees to act for me in
executing verbal instructions or, if I am a minor and my parents are not immediately reachable,
to act for parents in dealing with physicians, ambulance companies and hospitals, to obtain
prompt medical attention for me the event of any perceived medical emergency and release the
Consortium, my college, the host college and/or employees from any liability connected with
obtaining prompt medical attention. In consideration for being permitted to participate in the
program, I hereby release the Consortium, my college, the host college, their agents,
employees, officers, directors, associates, affiliated companies, subcontractors, or cooperating
agencies or organizations ("the Released Parties") from any and all liability for injury, illness,
death and property damage or loss arising out of the arrangement or provision of transportation,
housing or other goods and services, or arising out of any other activity incident to my
participation in the program. I agree not to sue or make a claim against the Released Parties for
injury, illness, death, damage or loss sustained as a result of my participation in the program or
use of the goods and services in connection with my participation in the program. I will indemnify
and hold harmless the Released Parties from all claims, judgements, and costs, including
attorneys' fees, incurred in connection with any action relating to my participation in the program.

SEVERABILITY CLAUSE

All provisions of the agreement shall be deemed severable. The unenforceability, illegality, or
invalidity of any provision or portion thereof shall not affect the enforceability, legality, or validity
of any other provisions, all of which will remain valid, binding, and enforceable in accordance
with their terms.
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GOVERNING LAW

This agreement shall be governed by and construed in accordance with the laws of the State of
Minnesota, without reference to provisions regarding conflict of laws. Jurisdiction and Venue: It
is expressly agreed by the parties to this agreement that any action filed by either party as a
result of a dispute relating to this agreement may be filed and heard only in the courts within
Ramsey County.

20



Keck Geology REU Researcher Handbook

Appendix III:

2026 Keck Learning, Responsibilities & Expectations

Welcome to the Keck Geology Consortium Summer Research Program. This document is
designed to help you prepare for your summer research experience and to give you an initial
sense of what to expect academically and personally while you are there. Please read the
information below about learning goals, personal responsibilities, and expectations carefully; it
contains important information for a successful research experience. Your signed form must be
received by the Keck Geology Consortium office before we can process your fellowship and
before the start of fieldwork.

A copy of your submitted responses to this form will be sent to the email address that you
provide below.

Learning From Your Keck Experience
As a result of your participation in this year's Keck Geology Consortium program, you can
expect to grow both academically and personally.  But, this growth won't always come easy and
oftentimes requires purposeful intellectual and physical effort. Importantly, your learning and
growth are ultimately your own responsibility, requiring your active and thoughtful participation.
Important learning goals of the Keck projects are described below.

The learning goals of the Keck program are to:

improve your understanding of the earth through solving complex, real-world problems
using multi-disciplinary approaches

deepen your understanding of the knowledge and skills needed by professionals in the
earth sciences

develop your identity as a scientist through greater understanding of the intellectual and
practical work of sciences

clarify your career plans and prepare you for post-graduate study

Code of Student Responsibility
You will soon embark on an extraordinary and challenging research program, a privilege within
higher education that not all students can select as a part of their collegiate experience. Many
students emerge from this experience feeling dramatically changed, eager to embark on a new
academic or career path, or with a clearer understanding of who they are as an individual. Along
the way, you will no doubt experience many new things (e.g., travel to new places, camping and
working in remote areas, working as a team, tedious and repetitive lab work) that offer
numerous opportunities for different kinds of learning. Work of this nature also involves many
challenges, including unpredictable weather, physically demanding activity, occasional feelings
of ambiguity or doubt, and complex intellectual work. The most successful Keck Geology
research participants tend to be self-motivated, thoughtful, respectful, flexible, communicative,
and responsible. You have been selected because we believe that you exhibit these qualities.

An important goal of Keck programs is to develop the knowledge and skills needed by
professionals, including living and working together as part of a research team. In fact, you will
likely find that many of the most memorable and rewarding moments from your research
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experience will stem from living and working together with people with different backgrounds,
interests, and experiences. However, close living and working conditions can at times be intense
and complicated, and although you will sometimes have to put the needs of the group ahead of
your own interests, it can be highly rewarding.

Research shows that when people are in the field or working in close quarters, they are more
likely to cross lines that they might not cross in normal daily lives. The Keck community, with its
long tradition of collaborative research founded on mutual respect, holds itself to a higher
standard and does not tolerate discrimination, bias, or harassment by any of its students, staff,
and faculty. To ensure that all participants have safe, enjoyable, and productive learning
experiences, Keck Consortium participants play an essential role in ensuring that the scholarly
and personal growth sought as outcomes of this program are accomplished in a dignified and
respectful manner. The Keck Consortium Code of Student Responsibility exists to facilitate the
educational process for you and the other students, to support a culture of inclusion and respect,
and to ensure a safe, fair, and successful experience for all students, staff, and faculty.

I understand and agree that I am required to behave in accordance with the codes of conduct of
my college, including its honor code, during my participation in the project.

I further understand that the Keck Geology Consortium, the host college, and the Project
Director(s) have the authority to establish additional rules from time-to-time appropriate to the
operation of this program, and I agree to abide by all such rules.

I understand that the Keck Geology Consortium Project Director(s) and Program Director(s)
have the sole and final authority to dismiss me from the program in the event that I fail to honor
these commitments or otherwise engage in conduct that is in any way detrimental to the
program, its participants, or myself. In the event of such dismissal, I may be required to forfeit
my entire stipend, return to my home immediately at my own expense, reimburse the host
college for any and all costs associated with sending me home, and indemnify and hold
harmless the host college, my college, and the Keck Geology Consortium from any and all
claims or losses arising out of my failure to honor any of the obligations or commitments set
forth in this paragraph.

My participation in a Keck Geology Consortium program represents my college and the Keck
Geology Consortium at all times. I know that my behavior must respect the values and norms of
all involved organizations and communities while promoting the safety and well-being of other
students and my program’s faculty and staff. I will strive to ensure that my behavior supports the
educational nature of the Keck Geology Consortium at all times.

All academic pursuit depends on trust. All of us should be able to trust that we will be treated
with honesty and respect—respect for our ideas and for us as persons. As a participant in a
Keck Geology Consortium program, you will be expected to conduct yourself with the same level
of honesty and openness as is expected on your home campus.

Although local laws may provide for the consumption of controlled substances by individuals of
legal age, because these laws do not take into account the nature of physically demanding
research activities in remote areas, it is assumed that Keck projects will be substance free.
Possession, use, or distribution of any illegal substances is prohibited, and compliance with local
laws is required at all times with respect to controlled substances (e.g., alcohol, and marijuana in
some states). The misuse and abuse of prescription medications is also considered a violation
of this policy. It is prohibited to provide controlled substances to others who are not of legal age.
Inappropriate behavior resulting from alcohol consumption or substance abuse, including but not
limited to behavior which is offensive to others; and/or poses unreasonable risk to you or others;
and/or results in damage to property; and/or impacts student performance; and/or causes
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embarrassment or otherwise interferes with the proper functioning of the program or other
students, is not permitted and will result in disciplinary action.

It is the policy of the Keck Geology Consortium that sexual harassment of students and
employees is prohibited. Sexual harassment is unwelcome words or conduct based upon the
recipient’s gender. Sex or gender-based harassment does not have to be sexual in nature.
However, such harassment can often take the form of unwelcome sexual advances, requests for
sexual favors and other verbal or physical behavior of a sexual nature. Violation of this policy
may result in dismissal.

The Keck Geology Consortium does not discriminate in the operation of its educational
programs, activities, or employment on the basis of sex, sexual orientation, gender identity, race,
color, religion, national origin, age, veteran status, marital status, or disability. The Consortium
also does not tolerate bias, meaning language, images or behaviors that demonstrate bias
against another person based on but not limited to his or her membership in a group, based on
race, ethnicity, national origin, sex, gender identity or expression, sexual orientation, disability,
age, religion, or an individual’s particular characteristics, role, or behavior.

If I have any concerns resulting from Keck-supported projects that affect me or other members
of the community, I understand that these can be communicated via the "Express a Community
Concern" form linked in the footer of the Keck Geology Consortium web page.

Gateway Project Expectations
The successful completion of Keck projects requires significant commitment over the duration of
the program. However, it is this same commitment that also produces the powerful impacts on
learning and development. Before the project begins, we want you to be clear about the
commitment you are making.

Keck Gateway Projects are research experiences that involve:

1. a five-week summer research experience,

2. depending on the project, there might be opportunity to attend/present at a
national/regional scientific meeting, and

3. completion of periodic surveys and reflections following the summer experience.

If you will not be available during the academic year following your summer research, you must
discuss this with your Project Director(s) so that they can plan accordingly.

Advanced Project Expectations
The successful completion of Keck projects requires significant commitment over the duration of
the program. However, it is this year-long commitment that also produces such powerful impacts
on learning and development. Before the project begins, we want you to be clear about the
commitment you are making.

Keck Advanced Projects are year long research experiences that involve:

1. a summer research experience,

2. continued research at your home institution during the following academic year,

3. publication of your research in the "Short Contributions of the Keck Geology Consortium"
volume, and
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4. completion of periodic surveys and reflections following the summer experience

If you plan to complete a senior thesis (or equivalent capstone experience) at your home
institution, most Project Directors expect you to use your Keck research for your thesis. It is
incumbent upon you to discuss this with your Project Director to make sure there are no
misunderstandings. Depending on your project, you might also have the opportunity to attend
and present at a national or regional scientific meeting. If you plan to graduate early, or will not
be readily available during the academic year following your summer research, you must
discuss this with your Project Director so you can develop a plan to complete your research
project and submit your Short Contribution on time. Below are some important deadlines for
coming year (specific dates will be communicated at a later time):

● Late February: Draft of Short Contribution to your on-campus research advisor.

● Early March: Edited draft of Short Contribution to your Project Director

● Mid March: Final draft of Short Contribution to Keck Office

● Mid April: Galley proofs returned to students for review

● Late April: Copy edited galley proofs due to Keck Office

Please plan your schedule accordingly during the coming year so that you can respect these
deadlines.

Surveys and Reflections
Over the course of the Keck Geology Consortium research experience, you will be asked to
complete questionnaires and reflections at several intervals. These surveys allow us to better
understand the impacts that research programs have on student learning and we use feedback
from you to make improvements in our programs. Importantly, the reflections, and even the
surveys to some extent, also provide students with an opportunity to reflect upon their
experiences and learn from them. They are an integral part of your learning from the research
experience. Below you will find a brief synopsis of the surveys and reflections you will complete
throughout the program. In all cases, your responses will be confidential.

Keck Consortium Survey and Reflections:

PRE-PROGRAM SURVEY – This survey collects important information about the
pre-field portion of the project, including the application process, preparations for the
summer project, and your prior experiences doing research.

POST-FIELD SURVEY - After the summer field experience, you will be asked to
complete an online survey to gauge the impacts of your summer experiences.

CONFERENCE REFLECTION – A brief online reflection prompts you to engage in
different activities while in attendance at a professional conference, and to explore the
significance of those experiences to your professional development.

POST-PROGRAM SURVEY - At the end of the program, you will be asked to complete a
final, online survey about your experiences, learning, and educational and career plans.

ALUMNI SURVEYS - On occasion, the Keck Geology Consortium may also ask for
feedback on the meaning of your research experiences to your educational and career
choices. As a recipient of federal funds from the National Science Foundation to offer
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undergraduate research experiences, the Consortium is required to submit periodic
reports describing the educational and career choices of our program participants.

Photo and Video Statement
During their research experience, participants in Keck Geology Consortium programs may be
captured in photos, videos, or other mediums.  As a non-profit educational consortium, our goal
in using such materials is to highlight and showcase the work of our participants and programs
via our website, e-mails, posters, brochures, social media, and other educational materials.

Keck Participant Release
Each year that the Keck Geology Consortium receives funding from the National Science
Foundation (NSF), it is required to report information about each student whose research is
funded by the NSF. Any information that would permit identification of individual responses will
be held in strict confidence.

The Family Educational Rights Privacy Act (FERPA) protects the privacy of student educational
and financial aid records by requiring prior written consent before disclosing information to a
third party.

By indicating your consent below, you are giving permission to the Co-Directors of the Keck
Geology Consortium, currently Dr. Cameron Davidson and Dr. Karl Wirth, to release the required
information to NSF program officers. This permission will be valid through the end of the current
grant award (Summer 2026).

Consent and Signature
By signing below, I certify that I understand the goals, responsibilities, and expectations of the
Keck Geology Consortium program, I agree to participate in surveys or interviews that assess
the impact of this opportunity on my learning and future plans, and I authorize the Keck Geology
Consortium to release requested information to the National Science Foundation.
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Appendix IV:

Training in Responsible Conduct of Research (RCR)

The America COMPETES Act stipulates that students who receive support from the National
Science Foundation (NSF) must complete training in RCR (Responsible Conduct of Research)
because the responsible and ethical conduct of research is critical for excellence, as well as
public trust, in science and engineering. Consequently, education in responsible conduct of
research is considered essential in the preparation of future scientists and engineers.

Training in the responsible and ethical conduct of research will be ongoing during your Keck
Geology Consortium REU experience.  The training begins with an online course offered by
Macalester College and developed by the CITI Program (see below).  We estimate that you will
need approximately 2-3 hours to complete the CITI Program training.  Once in the field or
laboratory, you should also expect that your Project Director will take opportunities to reinforce
or expand on some of the concepts that were introduced in the CITI Program modules.

Modules that must be completed in Citi Program "Best Practices in Research (RCR)" online
course:

● Authorship
● Collaborative Research
● Conflicts of Interest
● Data Management
● Mentoring
● Peer Review
● Research Misconduct

Before you can begin the summer research project, you must complete the modules and submit
your scores to the Keck office.  You will be sent a link to the training modules, along with
instructions for completing them prior to the start of your project.

Brief descriptions of the training modules (from the Macalester College RCR Policy Document):

Publication Practices and Responsible Authorship
Researchers share the results of their works with colleagues and the public in a variety of ways.
Early results are usually shared during research meetings, in seminars, and at professional
meetings. Final results usually are communicated to others through scholarly articles and books.
Whether structured or informal, responsible publication in research should ideally meet some
minimum standards. All forms of publication should present: a full and fair description of the
work undertaken; an accurate report of the results; and an honest and open assessment of the
findings. In assessing the completeness of any publications, researchers should ask whether
they have described: what they did (methods); what they discovered (results); and what they
make of their discovery (discussion).

The names that appear at the beginning of a paper serve one important purpose. They let
others know who conducted the research and should get credit for it. It is important to know who
conducted the research in case there are questions about methods, data, and the interpretation
of results. The authors listed on papers should fairly and accurately represent the person or
persons responsible for the work.
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Collaborative Research
Researchers often collaborate with colleagues who have the expertise and/or resources needed
to carry out a particular project. Collaborations vary from being as simple as one researcher
sharing specific techniques with a colleague or as complex as multi-centered clinical trials that
involve academic research centers, private hospitals, and for-profit companies studying
thousands of patients in different geographic regions. Any project involving more than one
person requires some collaboration. Collaborative projects require that researchers assume
some additional responsibilities stemming from relationships with co-investigators, research
associates and consultants involved in the research.

Conflicts of Interest and Commitment
Macalester College is committed to ensuring that the research, consultation, and other activities
of faculty and non-faculty employees are conducted properly and consistently with the principles
of openness, trust, and free inquiry that are fundamental to the autonomy and well- being of a
college and with the responsible management of the college’s business. Toward that end, each
member of the Macalester community has an obligation to act in the best interests of the
college, and must not allow outside activities or outside financial interests interfere with that
obligation.

Data Acquisition, Management, Sharing and Ownership
The integrity of research data and the usefulness of the research it supports depend on careful
attention to detail, from initial planning through final publication. While different disciplines and
types of research may differ in data management practices, there are generally accepted
standards that student researchers should be aware of and adhere to relative to data ownership,
data collection, data protection and data sharing. Key considerations for data collection include
using the appropriate method, providing attention to detail, obtaining the appropriate
permissions for use of certain categories of data and the accurate and secure recording of data.
Data should be maintained and secured in such a way as to allow it to confirm research findings,
establish priority, and be reanalyzed by other researchers. Data should be stored in such a way
as to protect confidentiality, be secure from physical and electronic damage and destruction and
be maintained for the appropriate time frame dictated by funder and college policies.

Mentor and Trainee Responsibilities
While conducting investigations, researchers often assume the added role of mentor. The
mentor-trainee relationship is complex and brings into play potential conflicts. The essential
elements of a productive mentor-trainee relationship are difficult to codify into rules or
guidelines, leaving most of the decisions about responsible mentoring to the individuals
involved. Common sense suggests that good mentoring should begin with: a clear
understanding of mutual responsibilities; a commitment to maintain a productive and supportive
research environment; proper supervision and review; and an understanding that the main
purpose of the relationship is to prepare trainees to become successful researchers. Knowing
the importance of personal commitments, researchers should carefully consider what
responsibilities they have to trainees before they take on the essential task of training new
researchers. Trainees, in turn, should be aware of their responsibilities to mentors before
accepting a student researcher position.

Peer Review
Peer review, evaluation by colleagues with similar knowledge and experience, is an essential
component of research and the self-regulation of professions. The average person does not
have the knowledge and experience needed to assess the quality and importance of research;
therefore, many important decisions about research depend on advice from peers, including:
which projects to fund (grant reviews); which research findings to publish (manuscript reviews);
which scholars to hire and promote (personnel reviews); and which research is reliable
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(literature reviews and expert testimony). The quality of the decisions made in each case
depends heavily on the quality of peer review. Peer review can make or break professional
careers and directly influence public policy. The fate of entire research programs, health
initiatives, or environmental and safety regulations can rest on peer assessment of proposed or
completed research projects. Researchers who serve as peer reviewers should be mindful of
the public as well as the professional consequences of their evaluations and exercise special
care when making these evaluations.

Research Misconduct
Student researchers should be aware of the potential for misconduct involving themselves or
others, and understand what constitutes misconduct. Misconduct in this regard is defined as: 1)
fabrication or falsification of data, plagiarism, or other practices that seriously deviate from
commonly accepted practices for proposing, conducting, or reporting research; 2) material
failure to comply with requirements for protection of researchers, human subjects or the public,
or for ensuring the welfare of laboratory animals; or 3) failure to meet other material professional
standards or legal requirements governing research. This does not include honest error or
honest differences in interpretations or judgments of data. The Macalester College community
has an obligation to report incidents of misconduct and respond to such reports in accordance
with established policies and procedures. Further, individuals reporting misconduct must be
protected from reprisals or negative repercussions.
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Appendix V:

Items to Consider for Your Summer Project

Clothing
● Clothes for casual/dress activities
● Clothing appropriate for field site
● Clothing appropriate for lab
● Underwear and socks
● Casual shoes/sandals/sneakers
● Field footwear (e.g., boots)
● Hat (sun and/or cold weather)
● Raincoat and rain pants
● Warm layers appropriate for site
● Swimsuit
● Belt

Documents/Money
● Driver's license
● Government ID/Passport
● Insurance information
● Cash
● ATM/Debit/Credit cards
● Vaccination card
● Purse/money belt/fanny pack

Camp/Field Gear
● Small pillow
● Sleeping bag
● Sleeping pad
● Sheet
● Headlamp/flashlight & batteries
● Day pack
● Pocket knife
● Bandana
● Field gear (consult director)
● Field guides

Photography/Computer Equipment
● Camera (lenses) & spare battery
● Memory card(s)
● Laptop computer and charger
● Tablet and charger
● Mobile phone and charger
● Flash drive

Personal/Health
● Toothbrush/paste/floss
● Shampoo/Soap
● Hairbrush/comb
● Razor/nail clippers/scissor
● Deodorant
● Sunscreen with SPF
● Lip balm with SPF
● Insect repellent
● Skin moisturizer
● Wet wipes/hand sanitizer
● Small towel
● Tweezers
● Tampons/pads
● Birth control supplies
● Prescription medications
● Copies of prescriptions
● Glasses/contact lenses
● Spare glasses/contacts
● Cleaning solution
● Optical prescription
● Sunglasses
● Band-aids
● Aspirin/Tylenol
● Decongestants
● Neosporin/Hydrocortisone
● Multivitamins/Probiotics
● Motion sickness pills
● Water bottle
● Wrist-watch

Miscellaneous
● Earbuds/earphones
● Luggage lock
● Ziploc bags
● Cards/Hacky-sack/Frisbee
● Leisure reading
● Journal
● Alarm clock
● Stuff sacks for organizing gear
● Duffle bag/Large pack for travel
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Appendix VI:

FAQ on Attending a Professional Conference

PREPARING TO ATTEND A CONFERENCE

Why attend a conference?

Professionals attend conferences for many reasons, including: presenting the results of their
research; learning about related research by other professionals; learning about research in new
areas; career, internship and collaboration opportunities; fellowship and grant opportunities;
networking; maintaining friendships, and developing professional recognition.  Even though
formal presentations offer great opportunities for learning, many professionals will also tell you
that the informal conversations in hallways and in restaurants are extremely valuable.  Do
everything you can to engage in such conversations.

How should I prepare for an oral or poster presentation?

Check the conference website for details of the poster or oral session format.  Many societies
also offer advice on how to prepare an effective presentation.  Talk with your mentor and other
professionals, and look at examples of posters in hallways (think about what makes them more
or less effective).  Try to anticipate questions that you might get and prepare supplemental
materials, including maps, data tables, and graphs.  You might even prepare a small 8.5 x 11 (or
11 x 17) inch version of your poster for distribution to those who are interested.  Finally, whether
it is an oral or poster session, practice, practice, and practice.

How do I prepare to attend even if I am not presenting?

Be prepared to talk about your research, however early the stage of development.  This means
preparing an “elevator speech,” which is a concise (30 sec to 2 min) summary of your research
question, the hypothesis being tested, why it is interesting/significant, the methods being used,
and a key result.  Don’t be afraid to provide a bit of introductory context (e.g., “I’m an undergrad
in my senior year at institution X, and my research is part of a Summer REU project at institution
Y”).  You might also prepare a few illustrations (e.g., a map of your study area, some interesting
data) to illustrate your elevator speech.  Put electronic PDF versions of illustrations in a readily
accessible folder so that you don’t need to dig through folders and files to find digital versions.

What should I wear and how should I behave?

Geologists tend to dress more casually, but this depends on the group and conference.  In
general, it’s best to be prepared with business professional attire, especially if you are
presenting.  Although jeans may be appropriate for non-presenters, it is essential that they be
neat and clean.  Comfort is also an important consideration, so choose your footwear carefully;
conferences can be grueling with extensive walking and standing.  Most society conference
websites include pictures from previous conferences.  Take a look at these to get an idea of
what is appropriate, or ask your mentor for specific recommendations.  How you dress conveys
how seriously you take your work and the profession.  Some of the people that you meet at your
first conference may well end up being research collaborators, graduate advisors, proposal
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reviewers, and perhaps even department colleagues, so it is important to make a good first
impression.

How do I choose which presentations to attend?

At a large conference there can be literally hundreds to thousands of presentations over a
period of days, with many presentations running simultaneously.  There are several strategies
for “building a conference schedule”:  1) look through the author index for the names of
researchers known to be working in your area of interest, and for the names of colleagues and
friends (so that you can support them by attending their presentations); 2) look at the different
session titles to see if there is a thematic session that aligns with your research interests; 3) do a
keyword search using online or mobile app conference tools; 4) make a point to attend some
sessions or presentations outside your immediate research interest.  Make a digital or paper
schedule with talk/session titles, times, and room numbers for each day.  However, be flexible
and willing to adjust if networking opportunities arise.

DURING THE CONFERENCE

Why do I need to keep track of receipts?

Conferences are expensive, and as a professional, your attendance will typically be supported.
In order to get reimbursed, you need to keep a record of your expenses.  This can be
challenging, especially during group meals, but make sure to get copies of receipts and make
notes on them as to the description and number of people sharing the expense.  Keep costs as
reasonable as possible, and in most cases the costs of alcohol can not be reimbursed, so keep
these expenses separate.

What are some strategies for attending oral sessions?

There are several different ways to attend oral sessions.  You can pop in-and-out of different
sessions to target specific presentations, or sit in on an entire session, or block of presentations
in a session.  Typically, many professionals will do some of each.  If a session is highly relevant
to their research or interests, then they might remain in that session for an entire morning or
afternoon, or day.  Alternatively, if several talks of interest are being given in different sessions,
they may shift back and forth to catch the most relevant ones.  While sitting in oral
presentations, it is also a good opportunity to learn about what makes a good oral presentation.

What should I do at a poster presentation?

Before entering the poster hall, it is generally best to have some goals in mind.  These might be
specific posters (e.g., by a colleague, or on a topic related to your own research, or of general
interest), or more generally a themed session (e.g., on a particular topic or region) within the
poster session.  Authors are typically present at their poster during a particular time window
within the poster session, so if you want to speak directly with someone, make sure to attend
during that time.  Another strategy is to walk the isles systematically to find posters that look
interesting to you; this has the advantage of exposing you to new ideas, interests, and
networking opportunities.  When you stop at a poster, you can read on your own, or ask the
author to walk you through the poster or to give you a short summary of the key points.  Most
authors appreciate the opportunity to interact with others about their work (even if it is only a
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discussion of the methods used, or something that you find new or fascinating).  While walking
through poster sessions, it is also a good opportunity to learn about what makes a good poster
presentation.

How do I approach potential graduate advisors and graduate programs?

Many graduate programs will have a booth or table in an exhibit hall or a special area for
geoscience departments, and this can be an extremely efficient way to learn more about
programs and potential graduate advisors.  Most times, one or more graduate students and
faculty will represent each program.  They also often have information pamphlets available.
On-the-spot walk-ins are expected, and you can learn a lot from informal conversations with
grad students about the programs.  However, you can gain even more from these conversations
with a bit of preparation beforehand.  Give a bit of thought to the general areas that you
considering (e.g., paleontology, structural geology, petrology, hydrology), the kinds of research
questions that interest you (e.g., the evolution of the Earth’s crust and mantle, the origin of
wings, etc.), or the types of methods that you enjoy using (e.g., field, analytical, modeling,
numerical).  Be prepared to say a bit about yourself, your interests, and your research
experiences.  If you can identify a particular faculty member in a department, find out if they are
at the meeting, when they might be at the booth, or when they might be presenting (you can
also try to catch them at a poster or after a presentation).  Important questions to ask include a
potential advisor’s current and future research interests and how those might translate into
projects for graduate students, funding and support for graduate students, access to analytical
facilities and equipment, where recent graduates are employed and what they are doing, and
the general climate in the department or program.

What’s there to do in the Exhibit Hall?

Many professional conferences feature an exhibit hall where vendors display their wares,
including books and textbooks, scientific equipment (from field books to mass spectrometers),
analytical services (e.g., image analysis, geochemical analyses), mineral, rock and fossil
specimens, and associated societies (e.g., Association for Women Geoscientists, National
Association of Black Geoscientists, National Association of Geoscience Teachers).  Reasons for
exploring the exhibit hall include browsing textbooks and science volumes, purchasing
specimens for personal collections and gifts, learning about associated societies, and exploring
opportunities in the profession.  This is a good place to head during breaks and at the end of the
day.  It is often a good place to meet colleagues for networking and for conversations about
research or teaching.

AFTER ATTENDING A CONFERENCE

What should I do after attending a conference?

Follow up by providing information to other researchers who may have requested data,
pre-prints, or illustrations.  Send follow-up messages to others that you met and with whom you
would like to maintain contact.  These messages don’t need to be long (e.g., it was nice to meet
you at the conference” or “thank you for the suggestion concerning my research”) reminding
them of who you are and that you want to maintain the relationship.

32



Keck Geology REU Researcher Handbook

Introduction:  The What and Why of Undergraduate Research

"As for the future, your task is not to foresee it, but to enable it.”
(Antoine de Saint Exupery, 1948)

If you are reading this, you are likely relatively new to research.  Congratulations!  The
opportunity to participate in research as an undergraduate student is coveted by many, but
available to relatively few.  No doubt, you have many questions as you embark on your research
experience.  This is normal and expected given that traditional coursework is quite different from
research.  If you can embrace a bit of the unknown that accompanies the excitement of
discovery, you will likely enjoy the experience more and you will also get more out of it.  As
cautioned by Saint Exupéry in the Citadelle (1948), your task is not to foresee the future, but to
enable it!

There are many reasons for undertaking research as an undergraduate student.  Some students
are fascinated by the natural world that surrounds us and curious to better understand it (e.g.,
the formation and evolution of the earth).  Others are driven to solve a particular problem (e.g.,
climate or environmental change, natural resources) to benefit society or the human condition.
At a more practical level, many students are interested in the research experience for clarifying
their career path, for preparation for graduate study, or for improving their professional
knowledge and skills.  All of these are valid motivations for participating in research, and they
often operate simultaneously.

The benefits of participating in undergraduate research are many and have been studied
extensively.  They include: gaining an understanding of the research process and how
knowledge is constructed, enhancing learning in the discipline, deepening critical thinking,
developing self-confidence, and gaining professional knowledge and skills.  Many students also
have the expectation that the experience will allow them to explore career opportunities and
educational paths.  Others may be interested in bolstering their resume for later competitive
educational or career opportunities, or attracted to the travel, field work, or summer employment
that typically accompanies research internships.  Whatever the reasons for participation,
students often come to the summer research experience with relatively little understanding of
broader scientific research enterprise.  This is not unexpected because scholarly scientific
research is quite unlike most undergraduate courses, so students are largely unprepared to
engage in the research process.  The challenge for the novice undergraduate researcher is to
learn to be successful in this new, and potentially transformative experience.

Learning to be a research scientist is much more than learning the specialized knowledge and
skills required of a discipline.  This is not to say that the disciplinary knowledge and skills that
you bring to the project, and that you learn from it, are not essential to the success of the
project. They are, but that is not enough.  In many ways, doing research is learning, only more
challenging than a typical course  because there is no teacher.  After all, the point of research is
to understand the unknown, so the answers to the questions that you investigate are largely
unknown by anyone.  Therefore, in addition to having disciplinary knowledge and skills, the
successful researcher must be an effective self-directed learner.  Before starting a project, the
researcher reads widely to learn background information.  Using their critical thinking skills, they
frame an original and significant research question.  They then consider new knowledge and
skills that might be needed to reach the project objectives, and they develop a plan.  As they
begin implementing the project plan, they continually monitor their progress, making
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adjustments to their strategies, methods, and thinking as needed.  Other thinking skills, including
analytical and logical thinking, are needed for interpreting the results and for preparing
arguments in support of a hypothesis.

But there is more to being a successful learner than thinking and learning skills.  Despite long
hours and repetitive mundane tasks, the researcher always maintains high standards expected
of samples, data, and methods in scientific studies.  When things don’t meet the standards of
high quality work, the researcher does not hesitate to try again using a different approach.  The
researcher also encounters many challenges along the way, including feelings of ambiguity,
confusion, or failure, so they must also understand themselves as learners and how to
self-regulate their emotions, thinking, and behavior.  The researcher must also have
well-developed interpersonal and communication skills for working long hours and in cramped
spaces with other researchers.  Finally, the entire research process is typically conducted
without an externally imposed schedule, so the researcher also needs to be effective in
time-management.  These are just a few examples of the knowledge, skills, and dispositions
that go into being an effective researcher.

The growth of a scientist also involves the development of an identity as a scientist, and
includes being encultured into the community of science and embracing the values and
responsibilities of a profession.  Upon first entering the research process, it can sometimes feel
both exhilarating and disorienting while learning to navigate a new identity, community, and
culture.  In fact, these areas of personal growth are recognized as important goals by most
undergraduate research programs, so your research mentor is keenly interested in providing
you with guidance and support throughout your experience.

If all of the above sounds like a lot, it is.  But don’t worry, no one expects that you will master all
of it during your first research internship, let alone by the time you finish graduate school.  In
many ways, the research scientist never stops learning to be a better learner and researcher.
Our goal for the list of learning and “soft” skills above is to remind you that they are equally
important to the growth and development of a researcher.  However, despite the importance of
these habits of mind, they are rarely explicitly taught.  Employers are increasingly more
interested in these soft skills than the kinds of things that are traditionally taught in disciplinary
majors, and with good reason.  Whereas the disciplinary knowledge and skills can be learned on
the job, the habits of mind require years of practice and development.    The earlier that you
master these basic skills for learning and research, the more effective you will be in the
classroom, the research lab, a job, and in life.

This guide was written to support you during your research experience by providing some
insights into many of the topics mentioned above.  The topics that could be included in such a
guide are numerous, so we have carefully selected a few we consider to be most important,
under-appreciated, and poorly understood.

Professional Tip
Regardless of your reason for participating in undergraduate research, you will likely benefit
immensely from the experience, gaining new knowledge and skills in a discipline, the process of
science, and thinking and learning.  Importantly, what you gain from the experience depends, at
least in part, on what you put into it.  Learning new things, especially when it comes to habits of
mind, is hard (you are literally rewiring your brain while doing it), and demands real effort.  If you
have questions, or are finding some parts of it difficult, there’s a good chance that your research
mentor has also grappled with learning the same things, so don’t be afraid to ask for advice.
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Scientific Method: A Structured Approach for Understanding the Natural World

"Science is a way of thinking much more than it is a body of knowledge"
(Carl Sagan, Broca's Brain: Reflections on the Romance of Science, 1979)

Science is distinguished from other ways of knowing by several key aspects.  Scientific
knowledge is based on observable and measurable evidence (empiricism).  Scientists strive to
be objective and unbiased in their work (objectivity), as evidenced by common use of the TC
Chamberlin’s “multiple working hypotheses.”  Scientific knowledge is always subject to change
(tentativeness) as new evidence and understandings emerge.  Scientific theories and
hypotheses must alway be testable and falsifiable through observation or experimentation
(falsifiability), and they must be replicable by others (reproducibility).

The scientific method, a structured approach for conducting research of the natural world, is a
cyclical and iterative process that typically includes several key phases: developing a question,
background research, articulation of a hypothesis, experimentation or observation, analysis of
data, and drawing conclusions.  Typically, the deeper understanding that results from one study
leads to new and better questions, so the process is naturally cyclical.  The method is also not
formulaic, but rather iterative; the scientist often back-tracks to revise the question, hypothesis,
design, or analysis as new information and ideas become available during the course of an
investigation.  Below, we elaborate on each of these phases (illustrated below).

Research Question - Most scientific investigations
begin with a research question, so it is worth
spending considerable time and effort to articulate
a good one.  Typically, the research question
follows from one’s own work (e.g., previous
research), new observations, or from new
understandings applied to existing knowledge
(e.g., published studies).  The role of the research
question is to target a “gap” in current knowledge
and understanding.  Once identified, the research
question is further revised to clarify and narrow
the scope of the investigation.  Because of the
importance of the research question to the
success of the research process, the entire next
section of this guide is devoted to it.

Background Research - typically, once the
scientist has at least a general sense of a
research question, they will seek a better
understanding of the existing knowledge that is
the focus of the evolving research question.  This means reading the literature, communicating
with other scientists, learning about new technologies and methods, and perhaps even making
some preliminary observations or experiments.

Hypothesis & Prediction - the research hypothesis might initially seem similar to the research
question, but serves a distinct role in the scientific method.   The hypothesis (a conjecture) is a
more formal statement of the expected relationships between different variables involved in the
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phenomenon that is being studied.  Once formalized, the hypothesis enables the scientist to
deduce the logical consequences (i.e., make predictions) which are then tested by observation
or experimentation.

Observation/Experimentation - the scientific method uses observation and experimentation to
test the predictions of the previous phase.  If the results of suitably designed observations or
experiments are inconsistent with those that were expected (predicted), then the initial
hypothesis is discarded or modified, and the process iterates.

Data Analysis - this phase includes a thorough examination of the data gathered during
observation or experimentation with the goal of deciding what to do next (e.g., ask a better
question, revise the hypothesis, or redesign the experimental method).  Often, when complex
data are involved, statistical analysis, modeling, and comparison with other data are often
required to inform the decision-making process.

Interpretation, Conclusion, and Communication - finally, the scientist interprets the findings, and
draws conclusions from the study.  Science is a social enterprise, so the results must also be
peer reviewed and shared with others (e.g. conference presentations and journal articles) so
that they can be replicated and integrated with other studies.

While serendipitous discoveries certainly do play an important role in science, most scientists
draw on some form of the scientific method in their investigations.  Scientists use a research
question to focus the scope of their investigations, and they often use succinctly stated
hypotheses to make predictions and design the observations/experiments to test those
predictions.  Data are then analyzed and interpreted, and the conclusions are communicated to
other scientists for replication.  The conclusions also serve as the starting point for new research
questions and hypotheses.

Because scientific investigations are often at the cutting edge of human understanding, we
expect challenges and failure.  However, these setbacks are not always what they might seem.
Although the illustration above might suggest that the scientific studies always follow a simple,
clear progression, the actual process is anything but formulaic.  In most investigations, there are
regular and frequent recursive visits to previous steps to improve the process.

When a series of observations fail to reveal the relationships among variables, or when an
experiment fails to support a hypothesis, you have still gained valuable information (often that
your initial question or hypothesis lacked sufficient understanding, or that you need to modify the
experimental design).   The scientific method (outlined above) provides a structured approach
for navigating the challenges of scientific research.  Together with the help of your research
mentor, learn to embrace it!

Professional Tip
The research professional reflects nearly constantly on their
work and the scientific method.  As a researcher, you should
develop a habit of starting and ending each day with reflections:  Given what you have recently
learned, is your research question still sufficiently on target?  Is your understanding of the
relevant variables consistent with your hypothesis and predictions?  Is the design of the
experiment or field study appropriate to the research question and hypothesis?  What can you
do differently to improve the success of your investigation?
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The Research Question:  A “Compass” to Guide Your Investigation

"Research is formalized curiosity. It is poking and prying with a purpose."
(Zora Neale Hurston, 1996)

The formulation of a research question is a critical early step in every study as it serves to guide
important choices throughout the entirety of the research process.  Research questions (1)
narrow a broad topic of interest to a specific area of investigation, (2) help establish the scope,
methods, samples, and analysis used, (3) are continually refined in response to new evidence or
improved understanding, (4) are a starting point for generating a hypothesis, and (5) are central
to proposals seeking support of your research.

What is a Research Question
A research question is a narrow and challenging question that addresses an important problem
or issue that a researcher seeks to answer through data gathering, analysis and interpretation.
The well-formulated research question is written so that it outlines various aspects of the
investigation.  Good research questions are:

Focused on a narrow problem or issue
Researchable using accepted methods in the discipline
Feasible to answer given the practical constraints (e.g., time, resources)
Specific enough that they can be answered thoroughly
Complex beyond a simple “yes” or “no” answer, requiring analysis and synthesis
Arguable in that potential answers are not accepted facts
Relevant to future research or society
Clear to the intended audience (without requiring additional explanation)
Concise (expressed in as few words as possible)
Ethical in research practice and in minimizing risk of harm to environment or participants

Ideally, research questions also identify gaps in understanding and can inspire other
researchers by offering new perspectives on important problems.

Example Research Questions
The research question “How do granites form?” is certainly interesting, researchable, complex,
arguable, relevant, and concise, but it is far too broad to be answered by any single study.
Indeed, this question has kept geologists busy for several hundred years.  The question “What
do sediment transport and deposition patterns in alpine valleys reveal about changes in
environment and climate over centuries to millennia in Glacier National Park?” is more specific
and identifies which variables will be studied (alpine valley sediment transport and deposition) to
understand environment and climate over timescales of centuries to millennia.  Although much
more focused and specific, this question is too broad for a single researcher to feasibly
accomplish.  In fact, this research question was formulated to guide the efforts of teams of Keck
researchers over many years.  Here are examples of research questions from individual Keck
projects:
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1. Does the Contact Fault between the Valdez and Orca Groups in Prince William Sound
mark the boundary between the Chugach and Prince William Terranes?

2. What are the impacts of accumulated Sargassum (seaweed) on sea water quality in
Ambergris Caye, Belize?

3. How do the crystallization temperatures of groundmass and phenocrystic minerals in
obsidian of the Nimbin and Binna Burra Rhyolites compare, and how do these relate to
eruption and emplacement mechanisms?

4. How did vegetation cover in the Hanna Basin, WY change across the PETM
(Paleocene-Eocene Thermal Maximum) boundary?

Research questions are also formulated to convey different purposes, including the existence of
phenomena, description (characteristics), classification (type), comparison (across type, space,
or time), composition (breaking the whole into parts), and causality (relationships between
different variables).  Can you identify the purposes in the four examples above?  How well do
each of these questions address the criteria listed above?

How to Frame A Research Question
The framing of a good research question is an
interactive process that continues throughout a
project as one’s knowledge and understanding of
the problem increases.  It begins with the
identification of an interesting topic, and is
progressively narrowed through reading,
observation, research, and reflection that help to
identify “gaps” in the current understanding.

● Choose an interesting topic
● Do some preliminary reading
● Narrow the focus with  “how” and “why”
● Identify gaps in understanding
● Refine and Evaluate

Research Questions and Hypotheses
Research questions and hypotheses are both part of the scientific method, and although similar,
are used at different stages of the research process.  In the research question the relationships
among variables are not described, so these are typically used for studies of topics in the more
exploratory stages.  In contrast, the hypothesis is a formal statement of the expected
relationships between two or more variables, so it is typically used in the more mature stages of
research, when the relationships among variables are better understood.  Whereas research
questions tend to be more open-ended, hypotheses are more narrowly focused and
closed-ended.  Ultimately, you and your research mentor will need to decide which of these is
more appropriate for your research.

In summary, the research question forms the backbone of
your research project.  It provides insight into the nature of
the problem and serves as a compass that informs your
choices throughout the investigation.  The formulation of a
good research question is a critical first step in the research
process that helps ensure the success of your research.
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Critical Thinking:  A Tool for Better Thinking

"Don't raise your voice, improve your argument."
(Desmond Tutu, at the Nelson Mandela Foundation, 23 November 2004)

The brains of our early ancestors had to think rapidly in instinctive and intuitive ways to respond
to the immediate life-and-death threats and opportunities they encountered on a regular basis
(e.g., “will it eat me?”, “can I eat it?,” or “can I mate with it?”).  Rapid decision-making, without
delay for complex analysis, was essential to survival in unpredictable prehistoric environments.
Later, slower and more systematic ways of critical thinking offered advantages in increasingly
complex and hyper-social environments that evolved as humans exerted greater control over
their surroundings.  This more deliberative kind of thinking, which happens only in the relatively
larger prefrontal cortex of human brains, also brought us science.

Unfortunately for us, critical thinking is difficult to achieve.  Humans are not born with critical
thinking, so it must be learned.  And because our brains are lazy and easily deceived, critical
thinking requires continual vigilance and intentional effort to avoid the deeply held intuitions,
biases, and prejudices (judgments or opinions formed beforehand or without knowledge or
examination of evidence) that result from our evolutionary past.  How do we engage in the
scientific method, which is a systematic attempt to understand reality, when our perceptions can
be misleading, our assumptions incorrect, and our decisions based on incomplete information
and understandings?  While the brain is well-adapted for making quick-and-dirty “fight or flight”
decisions, it is not naturally wired to deal with the numerous, less immediate and more global
issues confronting humanity (e.g., climate change, natural resources, overpopulation).  Critical
thinking is not needed just for solving global problems, it is also a mode of thinking capable of
leading us to better decisions in nearly every aspect of our daily lives.

Given its importance, it may be somewhat surprising that there is no single model of critical
thinking.  This likely results from many scholars who have studied critical thinking from a wide
array of disciplinary perspectives, including philosophy, psychology, and critical theory.
Stephen Brookfield, who has written extensively on critical thinking, argues that scientific
thinking, with its emphasis on evidence and testability,  is one of the great traditions of critical
thinking.  Most scholars agree that critical thinking entails an evaluation or judgment based on
an interpretation or analysis.  Stated simply, critical thinking is “the art of analyzing and
evaluating thinking with a view to improving it” (Richard Paul and Linda Elder, 2006).  Although
brief, that definition tells us a lot about what critical thinking is and isn’t.  Critical thinking is not
just criticizing someone, or their argument.  Critical thinkers engage in life-long practice to
improve their thinking through respect for intellectual standards and virtues and careful
consideration of evidence, assumptions, and alternative viewpoints.  Critical thinkers also seek
to engage in open and respectful dialogue and consistently attempt to contribute to a more
rational, just, and civilized society (Elder, 2007).

Although a complete review of critical thinking is beyond the scope of this guide, it is helpful to
examine one model of critical thinking in greater detail for the purpose of improving one's
thinking and for doing better science.  The model of critical thinking advanced by the Foundation
for Critical Thinking was developed to support all kinds of thinking, but it is also very relevant to
the scientific method.
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In the previous section, you learned about the importance of the “research question” in the
scientific method.  As illustrated below, the “question at issue” also constitutes an important
element in critical thinking.  Other elements that are also important to critical thinking include the
purpose, information, interpretation, theories, assumptions, implications, and other points of
view.  The critical thinker also uses the elements of thought with sensitivity to intellectual
standards, including:  clarity, accuracy, precision, relevance, depth, breadth, logic, significance,
and fairness.  Refer to this model regularly, and especially at key stages of your research
experience (formation of a research question, research design, data collection, analysis, and
writing).  Additional explanation and examples of the elements and standards are available in
the online version (see link below).

The “Wheel of Reason”, a model of critical thinking developed by the Foundation for Critical Thinking. In
this screenshot, the details of the “Question at Issue” are revealed at right. Details of the other elements
of thought and intellectual standards are available as you hover over them in the online version.

Professional Tip
We are not born with critical thinking, and human brains are naturally lazy; we were better
served by faster, more intuitive thinking during our early evolution, but this kind of thinking is
more prone to biases and errors.  So, although the focus of your research is of scientific nature,
the critical thinking skills that you develop as a result of this experience will serve you well in
many other areas throughout your life, regardless of whether or not you choose a career in the
sciences. Better thinking in science is better thinking.  Use the model of critical thinking
presented here as you write papers in any course and in any discipline and you (and your
professors) will be amazed at the improved quality of your thinking.  The skills and dispositions
of the critical thinker are more deliberate and effortful, and take years to develop.  Your research
project offers an opportunity to hone your critical thinking skills.
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Reflection:  A Habit of Mind for Improved Research and Learning

"An intellectual is someone whose mind watches itself.”
(Albert Camus, Notebooks, 1962)

In general, experts are more highly skilled in reflection than novices.  These skills enable
experts to learn more efficiently, adapt their strategies effectively, and perform better in solving
complex problems.  In fact, because reflection has such an important role in so many aspects of
the human endeavor, researchers have identified a number of different types of reflection.
Several of these are described in the this guide, including:  evaluating one's actions, decisions,
and experiences to improve professional skills, knowledge, and effectiveness (reflective
practice); evaluating and analyzing one's problem-solving strategies, learning techniques, and
decision-making (metacognitive reflection); reflecting on experiences, thoughts, or actions with
others, to facilitate shared learning, diverse perspectives, and collective problem-solving
(collaborative reflection); and examining one's assumptions, beliefs, and values to identify
underlying biases and power dynamics (critical reflection).  Although it may take some
conscious effort at first, reflection eventually becomes less effortful and more automatized.

Here, we use the term “reflection” to more generally refer to the thoughtful consideration of one’s
experiences, thoughts, goals, progress, and accomplishments with the aim of improved
outcomes and decision-making.  In sections of this guide on the scientific method and the
research question, we describe how the outcomes of scientific investigations undergo continual
revision and improvement as a result of ongoing reflection.  Reflective practice can also be used
to promote the growth and development of the scientist, as well as the science.  As an
undergraduate, you will likely encounter many new and exciting experiences during the corse of
your research.  However, these experiences are just that -- experiences -- until you have
reflected on their meaning to you as a learner and researcher.  To paraphrase John Dewey, a
famous philosopher, psychologist, and education reformer, “We do not learn from experience …
we learn from reflecting on experience.”  In other words, experiences by themselves don’t
magically result in new insights or understanding.  These typically only come through deep and
intentional reflection.  As an example, one model of reflection (Gibbs Reflective Cycle, 1988) is
designed to promote learning from experiences.  It includes six stages of reflection:  a
description of the experience (e.g., what happened, what was the outcome?), feelings and
thoughts (e.g., what were you thinking, and what do you think others were thinking?), evaluation
(e.g., what went well, and what did you or others contribute to the situation?), analysis (e.g., why
did things go well, or how could they have gone better?), conclusion (e.g., what did you learn
from the experience, what knowledge or skills would have made it go better), and an action plan
(e.g., what would you do differently next time, how can you develop the needed knowledge or
skills).  Alternatively, in the simpler three-stage model of Driscoll (2000), the learner reflects on
the “what” (a description of the experience), the “so what” (the significance of the experience),
and the “what now” (develop a plan).  Both of these models are appropriate for reflective
practice in the professional context, including in the sciences.

Another type of reflection includes metacognitive reflection.  When researchers studied how
people learn and solve problems, they found that experts are readily distinguished from novices
by their more highly-developed metacognitive skills.  In other words, when accomplished
scholars (from different disciplines) were asked to learn something outside of their discipline
(i.e., they are learning as a novice), they were distinguished from novices by their
well-developed metacognitive or “thinking about thinking” skills.  Since metacognition was first
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conceptualized more than forty years ago, numerous studies have demonstrated the essential
role of metacognition in learning and problem-solving.

Studies show that experts are skilled in
planning, monitoring, and evaluating.  Before
beginning a task, they reflect (reflection-for-
action) on the knowledge, skills, and resources
that are needed, and those that are already
available.  The expert is also aware of their
goals, beliefs, attitudes, and motivations in
relation to the task, and they are skilled in
regulating these as needed.  Because
monitoring and regulating thinking take effort,
motivation is required to make that effort.  If the
expert senses that insufficient motivation is
available for an important task, they are able to
increase and sustain their motivation.  While the
learner or researcher is engaged in a task, they
are constantly monitoring (reflection-in-action)
their progress and thinking and looking for ways
to improve (e.g., use different strategies,
regulate their emotions, seek additional expertise).  This includes choosing or changing physical
or social circumstances (situation selection and modification) and the suppression or
enhancement of impulses (response modulation).  Finally, after a task has been completed, the
expert evaluates the outcomes (reflection-on-action) for the purpose of improving the outcomes
in the future.  In other words, the expert learner and researcher is in constant contact with their
thinking.  They engage in continual reflection, looking both forward and back, to better
understand themselves as learners and the tasks before them.

Here are some examples of the types of questions that a researcher might ask themselves
before, during and after solving a problem:  What kind of task/problem is this?  What is the best
strategy for solving it?  What additional information do I need?  How will I know if I have been
successful?  How could I do it better next time?  How can I use my new understanding to solve
different kinds of tasks/problems?  As another example, while reading an article, they might ask
some of the following questions:  Why do I want to read this article (e.g., specific information,
data, or background knowledge)?  Given my goal for reading it, what is the best way to read this
article (e.g., read top to bottom, or scan abstract, and then look at figures)?  Am I
comprehending the main points, or do I need to adjust my environment, focus, or reading
strategies (e.g., find a quieter place to read, read in the morning, slow down)?  How do I know
that I understand it correctly?  What is still confusing, and how can I get unconfused?

Professional Tip
The success of your research, and your development as a researcher and learner, depend on
different types of reflection.  Structured reflection helps us translate our experiences into new
knowledge and understanding that can guide us to more-informed decision-making in the future.
Time is always in short supply during research (and in life), so it is important to schedule regular
opportunities for reflecting on the research process, the science, and your development at
regular intervals (e.g., end of day), and recording those reflections in a notebook.  The strategies
for thinking about thinking and learning (metacognition) and for regulating thinking, effort and
emotions are essential for learning and for research and a key to lifelong learning, but do not
develop spontaneously.  Practice, practice, practice!
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Teamwork:  An Essential Skill for 21st Century Work

"Diversity: the art of thinking independently together.”
(Malcolm Forbes, quoted in Forbes Magazine, 2015)

While it is still possible for individual scientists to make significant contributions in science, the
increasing complexity of the problems being addressed has resulted in increasing
interdisciplinary collaboration and teamwork.  And there is increasing evidence that the broader
perspectives of diverse teams foster greater creativity, innovation, and problem-solving.

The advantages of team-based research include pooling knowledge, expertise, and resources.
The solutions to many of today’s complex problems require multidisciplinary or interdisciplinary
approaches, and this comes at a time when many sub-disciplines are becoming increasingly
narrow.  Collaborative teams can tackle larger and more complex projects, and teams allow for
the efficient division of labor, with each team member contributing their expertise to specific
research tasks.  When working together, researchers share knowledge, ideas, and skills,
benefiting both the team members (e.g., professional growth) and science outcomes (more
innovative ideas).  Teamwork also fosters a supportive environment, providing enhanced
motivation, resilience and commitment to the effort.  The overall quality of a research project
also benefits when multiple researchers, each with different perspectives and backgrounds,
assess the work for potential issues or biases.  Finally, being a member of a collaborative team
offers new opportunities for enhanced networking and professional development.

There is also a growing body of evidence supporting the positive impacts of diversity on teams
in business, and many of these benefits also likely apply to scientific research.  Scholars have
found that when individuals with different backgrounds, perspectives, and experiences are
brought together to solve complex problems, they are generally more creative, innovative, and
successful.  They are more likely to generate novel ideas and solutions, resulting in improved
problem-solving and decision-making.  In general, diverse teams are more adaptable and
resilient in the face of challenges.  Additionally, businesses with individuals with diverse
backgrounds are in leadership positions, those businesses tend to be more successful.
Although improved financial performance is less relevant to the scientific endeavor, there is
considerable evidence that the enhanced creativity, problem-solving, and decision-making
capabilities of diverse teams in science (including ethnicity, nationality, discipline, gender,
affiliation, and age) contribute to increased research productivity and impact.

None of the above is to say that the performance benefits of diverse groups in business or
science arise automatically.  In reality, to achieve the expected synergy takes effort.  In one
study, researchers found that “general intelligence” of a group is not a simple average or
maximum of its members, but rather an average of the social sensitivity of group members, the
equality of conversational turn-taking, and the proportion of females.   A number of other studies
have explored the negative impacts of diversity on performance, and these largely center on
“us-versus-them” (i.e., intergroup) kinds of thinking which tends to disrupt team functioning
through diminished collaboration, information integration, and communication.

The challenges of teamwork can be particularly apparent during scientific research.  Anytime a
number of individuals work together in close proximity for extended periods of time, there are
bound to be misunderstandings and differences.  This is particularly the case in the laboratory
and the field where the nature of the work and resources sometimes dictates long hours in
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challenging conditions.  And because science operates at the cutting edge, it is not uncommon
for researchers to experience some degree of insecurity, frustration, and disappointment.
Several considerations for fostering the success of research teams are described below.

Key Considerations for Successful Teamwork

Appreciate Diversity Appreciate the importance of teamwork and diverse perspectives that
contribute to better solutions and greater innovation in complex research tasks

Develop Cultural Competence Strive to understand the cultural backgrounds and norms of other team
members for better communication and collaboration; build trust and develop
respectful relationships

Communicate Effectively Practice respectful, open communication; encourage questions and
clarifications

Foster an inclusive Environment Create an environment where everyone feels valued, respected, and included;
ensure all team members have opportunities to contribute ideas and expertise

Be Aware of Unconscious Bias Make an effort to recognize and challenge your own biases

Encourage Collaboration Promote collaborative approaches to problem-solving and decision-making;
maintain ethical standards

Practice Empathy and Listening Listen actively and make an effort to understand the feelings, perspectives,
and viewpoints of others; support one another

Address Conflicts Constructively If conflicts arise due to differences in perspectives, opinions, or communication
styles, respect difference and focus on the issues, shared goals, and interests
rather than the personal

Reflect and Seek Feedback Reflect on your experiences and seek feedback regularly to identify areas for
improvement and personal growth; be open to constructive criticism

Network and Collaborate Use your experiences working in diverse groups to expand your professional
connections and enhance educational and career opportunities

In order to overcome the challenges to teamwork, it is essential that team members work
together to create an environment where people feel trusted and validated, they develop a
shared value of deep personal understandings (to replace stereotypic views), and that they
embrace beliefs and norms that encourage diverse perspectives and decision-making.

Professional Tip
Teamwork is an increasingly important skill for success in a rapidly changing and technological
world, and this couldn’t be more true than in scientific research endeavors.  Research shows
that the ideas and solutions that result from collaborations among diverse individuals are
generally better than those resulting from less diverse groups.  However, effective collaboration
does not always happen naturally among diverse individuals, and we understand that it takes
effort to overcome biases that may be present.  For more effective collaboration, use the
framework above to reflect individually (on how you can improve your contributions to the
success of the team) and as a group (on how all of you can create a more enjoyable and
productive collaboration).
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Identity:  You as a Scientist

"The privilege of a lifetime is to become who you truly are”
(attributed to Carl Jung)

Identity is a multidimensional concept that includes the personal, social, and cultural attributes,
beliefs, values and experiences that shape who you are and how you perceive yourself (i.e., a
“core sense of self”).  Most people hold a complex mix of both personal and social identities that
also serve to foster a sense of belonging to one or more different communities.  A strong sense
of identity and belonging also helps buffer individuals in the face of challenge.  People with
different identities tend to be interested in different kinds of questions, they approach problems
differently, and they communicate their results in different ways and to different communities.
Unfortunately, relatively few students report having a science identity (an aspect of self that
relates to science), so there is considerable interest in how the identity of “scientist” develops.

Among the many reasons for participating in undergraduate research, an important one is to
clarify whether you want to add “scientist” to your list of other identities.  Identity is a combination
of various aspects (e.g., race, ethnicity, nationality, gender, sexual orientation, socioeconomic
background, and personal interests), so
each of us is a combination of multi-layered
and diverse identities.  If you have never
tried this exercise before, take a few
minutes to write a word (e.g., a sibling,
student, African-American, Christian,
progressive, soccer player) that describes
you, that is a significant part of who you are,
or that describes how you choose to identify
yourself to others in as many circles as you
can. As you consider different identities,
draw on your experiences at home, school,
work, and in the community. There are no
right or wrong answers.  If nothing else, this
exercise should convince you that you (and
others by analogy) comprise diverse
identities.  Because of our unique
combination of identities, each of us brings
unique knowledge, skills, and perspectives
to a collaborative project.

Did you have difficulty filling in all the circles, or were eight enough?  If you had to pick just one
identity, which would it be?  Two identities?  Why are these most important to you?  Is there an
identity that is important to you, or that others don’t readily recognize in you?  Is that okay, or
frustrating?  How do your identities shift when you are at home, school, or work?  How would it
feel to be seen by others as just one or two identities?  As you think about your answers to
these questions, think also about the others in your research group.  They also likely have many
identities that are important to them, and that are more or less obvious to you, so it is important
to not limit anyone to one identity. One strategy to address this is to try to learn at least several
identities of each of the other members of your group.
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In the context of undergraduate research, identity relates to one’s perceptions of oneself as a
scientist, and how their other various identities intersect and influence their scientific pursuits.
Identity is not static and it evolves over time as individuals encounter new people and
experiences, learn new things, and grow.  Undergraduate research is rich with new experiences,
learning and growth, so you might expect that you will detect some changes in your identity as a
result of it.  This is not to say that we expect you to add the identity of “scientist”, but we do
expect that your identity will evolve as a result of your experiences.  Realizing that you do not
want to be a career scientist still constitutes valuable learning and does not preclude you from
having an appreciation of science or some aspect of “self” that relates to science as one of your
identities.

Developing an identity as a scientist is essential to becoming a scientist, but how does one
develop the identity of being a scientist?  Are there certain experiences or types of learning a
prerequisite?  Does it happen gradually, or do you wake-up one day feeling like “I am a
scientist”?  Available research tells us that science identity formation depends on several things:
student interest and motivation (both play a crucial role in self-perception as a scientist), the
influence of mentors and role models (positive relationships help students develop a strong
identity), the importance of self-efficacy (the belief in ability to succeed in science), the impact of
identity integration (e.g., other identities with a science identity), the role of social and cultural
capital (how individuals acquire and utilize resources to navigate social systems and achieve
their goals), and the significance of belonging and community (supported through inclusive and
supportive environments, and positive experiences).  Most REU programs are designed to
support science identity development through various activities and experiences.  For example,
the attention to group cohesion is designed to help students feel welcomed, valued, and
encouraged to pursue science.  The emphasis on intensive mentoring supports professional
development and the formation of science identity.  An important goal of the conference
experience is to build self-efficacy, belonging and community through an important milestone, a
professional presentation to other geoscience professionals.

Professional Tip
Students also have an important role in the development of their identity as a scientist.  Indeed,
much of this guide is about developing science identity.  Interest and motivation are crucial for
developing a strong science identity, so reflecting on your interests and how these interests align
with your other values and goals is key.  Increased motivation, persistence, and resilience can
also help buffer against challenges, setbacks and failures that you may encounter.  A
self-awareness about your strengths and weaknesses can help you identify opportunities to
contribute, and for development.  A commitment to maintaining the values and ethical principles
that guide scientific research can help you build a strong foundation for your identity as a
scientist, as can reflection on the intersection of your developing identity as a scientist with your
other identities.  Critical thinking, problem-solving, and analytical skills are essential to the
scientific mindset, as are curiosity, skepticism, and openness to new ideas.  Build a network with
other professionals to help develop a sense of belonging and identity within the community.
Develop effective communication skills (oral and written) for sharing your research findings with
professional and non-scientific audiences.  Commit yourself to developing the knowledge and
skills (e.g., metacognitive reflection and self-regulation) for self-directed and lifelong learning,
both of which are central to a strong scientific identity.  In summary, the development of science
identity involves self-reflection, learning from experiences, and embracing change. The process
won’t always be easy, but there are many people interested to help you along the way.
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Border-Crossing:  Entering the Subculture of Scientific Research

"Learning to communicate in and with a culture of science is a much broader undertaking than
mastering a body of discrete conceptual or procedural knowledge. One observer, for example,
describes the process of science education as one in which learners must engage in “border
crossings” from their own everyday world culture into the subculture of science. The subculture
of science is in part distinct from other cultural activities and in part a reflection of the cultural
backgrounds of scientists themselves."

(Heidi A. Schweingruber, 2010)

Although many practical research skills are at least introduced in science courses, the transition
to scholarly research also requires a deep understanding of the culture of science, something
that is rarely addressed in traditional courses or course-based research.  As such, many
students enter research internships relatively unfamiliar with the norms, expectations, values,
and beliefs that are critical to success in the culture of science.

Border crossing, the process of moving between the cultures of different worlds, happens every
time you move from home, to work, or school, or even into classrooms in different disciplines at
your home institution.  As a student researcher, you will likely be operating in at least two
cultural contexts, academia and scientific research, and possibly others (e.g., governmental or
private facilities).  Navigating within these cultures requires knowledge of different, although
sometimes overlapping, worlds.  Furthermore, the border crossing experiences of each student
are also impacted by their characteristics (e.g., identities).  Each of these worlds has its own
amorphous collection of unwritten rules, unspoken expectations, and unofficial norms, behaviors
and values (the “hidden curriculum”).  The assumptions and expectations which stipulate the
“right way to think and act" are rarely formally communicated or taught.  Because the contents of
the hidden curriculum impact success, it is vital for every student to understand them.  Our goal
here is not to try to describe the entirety of the hidden curricula (a near impossible task), but
rather to help the reader be more aware of it and feel more empowered to understand it.

Broadly speaking, social and cultural capital are concepts that explain how individuals acquire
and utilize resources for achieving goals in different social systems.  As an example, as a
student seeking an undergraduate degree, you have had to learn to navigate the norms,
expectations, values and beliefs of higher education, and more specifically the institution you
attend.  In the context of science, social capital refers to the relationships (e.g., with mentors,
other scientists, other students) and networks (e.g., other members of the scientific community)
that you develop that facilitate access to resources, support and opportunities.  In contrast,
cultural capital describes the knowledge (e.g., familiarity with the language, norms, values),
skills (e.g., practices), habits, and other cultural assets that enable an individual to function
effectively within the context of scientific research.  Researchers have found that students with
rich social and cultural capital are more likely to experience a greater sense of belonging,
establish themselves as competent members of the community, develop a strong science
identity, and be more successful.  An important goal of the undergraduate research experience
is to help students develop their social and cultural capital within the academic and science
subcultures.  By engaging with experts and interacting with the research culture, students are
gradually mentored into how to think and act like a scientist.  Below, we offer some additional
context to help you better understand the “hidden curriculum” of undergraduate research
experiences.  This information likely also applies to the hidden curricula of other subcultures as
well, so it should also be of value to students who do not follow a career path into science.
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Research on the culture of scientific research suggests three categories: practices (day-to-day
activities), norms & expectations (standards that influence how researchers think and behave),
and values and beliefs (ideas held in high esteem and used to define scientific research).
Examples of practices, norms and expectations (both ideological and enacted), and values and
beliefs in scientific research are shown below.  As you will note, some aspects of the culture of
scientific research are interrelated, so they appear in different categories.  For example, the
practice that “scientists work in teams” is related to the norm and expectation that “science is
often collaborative.”  Similarly, the norm and expectation that “science aims for integrity” is
related to the value and belief that “scientific knowledge be durable”.

Professional Tip
Although you may have initially sought an undergraduate research experience for the
opportunity of investigating a scientific problem, it should now be clear that there is much more
to learn from the experience.  However, unlike the conceptual and procedural knowledge that
you will gain, learning the hidden curriculum requires a different kind of effort.  When various
aspects of the culture of scientific research come up during your project, reflect on your
understanding of them, discuss them with other researchers, or ask your mentor to elaborate on
them.  Also keep in mind that when things happen that you don’t fully understand, more than
likely it is rooted in one of these unspoken cultural aspects.  Just ask, that’s why we are here!
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Professionalism:  The Values and Behaviors That Define Professionals

"Every honest researcher I know admits he’s just a professional amateur. He’s doing whatever
he’s doing for the first time. That makes him an amateur. He has sense enough to know that
he’s going to have a lot of trouble, so that makes him a professional.”

(attributed to Charles Kettering, American inventor, engineer, and businessman)

When you apply to an internship, graduate school, or a job, you will likely be asked to provide
the names of one or more individuals who can speak to your professionalism.  In many cases,
your recommenders comments on your professionalism may be more important than the
discipline of your degree or your grades.  Whereas disciplinary knowledge can be learned, as
evidenced by a transcript, professionalism is more than just learning specific content or skills.  It
also includes embracing the behaviors, moral values, and dispositions of a profession.
Somewhat ironically, although professionalism is what most people expect of students to learn in
college, it is seldom taught explicitly, it appears infrequently in course syllabi, and is rarely a
significant component of one’s course grade.  As such, it is easy to assume that it is not really
important, and that “it can wait” for later.  Yet, it is one of the most useful things that you can take
away from an undergraduate degree.

An important goal of the Keck REU is to help you to develop your professionalism.  Regardless
of the career path that you choose, whether it be in the earth sciences, in another STEM
discipline (science, technology, engineering, and mathematics), or in a non-STEM field, the
professional knowledge, skills, and dispositions that you gain as a result of your research
experience will serve you well in your education, career, and in life.  Indeed, this entire
Participant Guide is about growing your knowledge and skills as a professional.

The word “professional” has many meanings in the English language, so we want to be clear
about its intended meaning here.  In the Wikipedia definition of professional “a member of a
profession or any person who earns their living from a specified activity” we find hints of the
inconsistencies of usage.  Apparently a professional can be a member of a profession (e.g., a
doctor, or a lawyer), or someone who makes a living doing something (e.g., a musician, or
basketball player).  However, the individuals in these two groups can differ in significant ways.

So whereas the modern definition of professional includes those who are paid for their work, that
is not the intended usage of the word here.  The original meaning of the Latin word “professus”
means to profess, or confess.  In other words, professionals are those who proclaim their skill to
others and commit to perform those skills to the highest standard of performance.  And although
professionals are typically compensated for their work, pay is not a defining quality of being a
professional.  Members of professions are defined by the quality of their work, and by their high
levels of integrity and trustworthiness.  Our expectations for the behavior of physicians, dentists,
and lawyers is much higher than for professional musicians, artists, and athletes.

Professionalism is the conduct, qualities, and behaviors that characterize someone as a
professional in their field. For a scientist, professionalism involves a combination of ethical
conduct, scientific integrity, effective communication, collaboration, and continuous learning.
Below are some qualities of the professional scientist:

● Ethical conduct: the professional scientist always adheres to ethical principles and
guidelines in research. This includes obtaining proper approvals for studies, maintaining
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confidentiality of sensitive information, and avoiding conflicts of interest, just to name a
few.  See the next section for more information.

● Scientific integrity: the professional scientist should maintain high standards of accuracy,
honesty, and transparency in their work, including properly citing sources, acknowledging
contributions of others, reporting results accurately, and correcting errors

● Effective communicator: the professional is an effective communicator and seeks to
communicate clearly, directly, and in a timely manner when interacting with others; they
must also be able to communicate their research findings clearly and concisely for a
variety of purposes and in a variety of formats to different audiences

● Collaboration and teamwork: science is often a collaborative endeavor, and professional
scientists must be able to work effectively with colleagues from diverse backgrounds,
disciplines, and cultures; this includes giving and receiving constructive feedback, and
contributing to a positive and inclusive working environments

● Continuous learning: a professional scientist should be committed to lifelong learning
and staying up-to-date with advances in their field; to accomplish this, they attend
conferences, workshops, and seminars, engage in professional development, read the
literature, and interact with colleagues

● Time management and organization: scientists often juggle multiple projects and
responsibilities, so they prioritize tasks, manage time effectively, and stay organized

● Respectful to others: the professional treats others with respect, they show their
appreciation, and they avert unpleasant interactions with others

● Well-groomed: an important part of maintaining a professional reputation includes taking
the time to make sure your clothes and personal grooming meet the professional
standards of your work environment

● A dependable team player: the professional demonstrates that they are dependable by
always delivering work that is high quality and timely

● Honest: the professional is always honest in their work and in their interactions with
other, even when it is not always comfortable

● Flexible: a true professional stays flexible and adjusts to changing circumstances while
maintaining their professional integrity

Professional Tip
For the aspiring scientist, the development of professionalism (professional attitudes, values and
beliefs) is as important as the development of technical expertise.  Given the importance of
professionalism to the scientific enterprise, it should not come as a surprise that most letters of
recommendation focus on the professional qualities of the candidate, rather than grades or
GPA.  The development of professionalism also goes hand-in-hand with the development of
professional identity formation, which includes professional philosophy and ethics,
commitments, ways of acting and interacting, values, and morals.  Growth as a professional
doesn’t happen spontaneously, but rather through ongoing reflection on “who am I” and “who do
I want to be”, through reconciling prior beliefs, attitudes, and behaviors with those of the
profession, and by locating identity within the community of practice.  You will know that you are
a professional when you have largely incorporated the values and norms of the professional
scientist into your identity as a scientist, but the process is never complete.
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Geoethics:  Responsibilities to Self, the Profession, Society and the Earth

"Always do the right thing for the right reason at the right time with the right people. [And] you
will have no regrets for the rest of your life."

(Allan Macdonald, Morton Thiokol Engineer Directing the Booster Rocket Project for NASA)

Ultimately, individuals are responsible for their own values systems and behaviors, so how do
students learn right from wrong in a profession?  Scientists, in any discipline, are expected to
behave ethically, demonstrate intellectual integrity, and prioritize societal needs in all of their
activities.  In fact, ethical concerns in science are so important to the integrity of science that the
National Science Foundation requires training in Responsible Conduct of Research (RCR) for all
undergraduate and graduate students and postdocs who are supported with NSF funding.

Because of their deep understanding, appreciation, and respect for the earth, geoscientists have
a unique role in decision-making about stewardship of the earth, the use of its resources, and
the impacts of human activities.  Whereas a  previous section of this guide focused on the
values and behaviors that generalize to all professional scientists, this section focuses on
“geoethics,” a new branch of geology that evolved out of the Singapore Statement on Research
Integrity in 2010.  Geoethics lies at the intersection of geology, philosophy, and sociology and
offers guiding principles for dealing with the implications of human activities on the geosphere
that are based on the ethical criterion of “intellectual honesty.”  As a result, many professional
societies in the geosciences have drafted guidelines for ethical conduct of geoscientists.  One
example, from the American Geological Institute, is shown below.
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The International Association for Promoting Geoethics has taken a slightly different approach
from many of the professional societies.  Following a multiyear study of ethical issues in the
geosciences, they developed a “GeoEthical Promise,” similar to the hippocratic oath taken by
professionals in medical fields.  It acknowledges the unique role of geoscience in defending
against natural risks, ensuring the sustainability of natural resources, and fostering a
knowledgeable society to help improve the quality of human life.Are you ready to take the
Geoethical Promise?

Did you notice how the GeoEthical Promise aligns with the notions of professionalism as defined
in the previous section?  Did you also note the unique responsibilities to society and to the earth
that the geoscience community has assumed, and that these responsibilities require  lifelong
commitments to continued learning, reflecting, and ethical professional behavior?

Professional Tip
Student researchers must recognize when ethical issues
arise and adopt appropriate responses when they do.  This
requires that students are constantly aware of
(metacognitive reflection) and adjusting (self-regulating)
their thinking and behavior.  Due to the complexity of most
ethical issues, the professional geoscientist also needs to be skilled in critical thinking, and they
need deep insights into their own beliefs, values, emotions, biases, and stereotypes.  Your
research experience is a perfect opportunity to reflect on the ethical principles outlined above, to
integrate them with your existing identities and values, and to infuse them into your own.
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